Ischemic Optic Neuropathies

  

Sohan Singh Hayreh

Ischemic
Optic Neuropathies

Dr. Sohan Singh Hayreh
Department of Ophthalmology
and Visual Science
University of Iowa Hospital and Clinics
College of Medicine
Hawkins Dr. 200
Iowa City, IA 52242–1091
USA
sohan-hayreh@uiowa.edu

ISBN 978-3-642-11849-4
e-ISBN 978-3-642-11852-4
DOI 10.1007/978-3-642-11852-4
Springer Heidelberg Dordrecht London New York
Library of Congress Control Number: 2011928229
© Springer-Verlag Berlin Heidelberg 2011
This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting,
reproduction on microfilm or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer. Violations are liable
to prosecution under the German Copyright Law.
The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply,
even in the absence of a specific statement, that such names are exempt from the relevant protective laws
and regulations and therefore free for general use.
Product liability: The publishers cannot guarantee the accuracy of any information about dosage and application contained in this book. In every individual case the user must check such information by consulting
the relevant literature.
Cover design: eStudioCalamar, Figueres/Berlin
Printed on acid-free paper
Springer is part of Springer Science+Business Media (www.springer.com)

Dedicated to all my patients with ischemic optic neuropathies

Preface

“History teaches that the commencement of every branch of science is nothing more than a
series of observations and experiments which had no obvious connections with one another”
Justus von Liebig (1846)

Ocular vascular occlusive disorders – that is, optic nerve ischemic disorders, retinal ischemic disorders and retinal venous occlusive disorders – collectively constitute the most
common cause of acute visual loss. Nevertheless, information on these disorders has until
recently been based primarily on clinical impressions, folklore, dogma, and “conventional wisdom” taught by one generation of ophthalmologists to the next, rather than
based on systematic studies laying out basic scientific facts and pathogeneses. I have
investigated all these disorders systematically since 1955 by doing basic, experimental
and clinical studies. Based on the findings of my scientific studies, I have often challenged and contradicted dogmas and the “conventional wisdom” on these diseases.[1] As
Thomas Henry Huxley wrote: “The great tragedy of Science – the slaying of a beautiful
hypothesis by an ugly fact.”[2] But the facts are what we need, even if they are sometimes
ugly and unwelcome. When dogmas and “conventional wisdom” are challenged, even
when new scientific information shows that they are no longer valid, the initial reaction is
almost always skepticism or even ridicule. I have experienced that so often. The objective
of this book is to clarify the understanding of ischemic optic neuropathies, in the light of
the best current scientific knowledge, and to put their management on a rational basis.
During my studies of ischemic optic neuropathies and other ocular vascular occlusive disorders, I have found that one major reason for confusion and controversy about
these diseases has been lack of understanding of the basic scientific facts. The other
major reason has been the unthinking application of findings from superficially similar disorders in other organs to these disorders in the eye and optic nerve, even though
the two differ fundamentally in aspects such as morphology, physiology, pathology
and pathogenesis; a classical and highly prevalent example of that is the assumption
that findings about the pathogenesis and management of stroke can be applied to ischemic optic neuropathy.[3] As will be evident from the information in the book, that is
not true at all, and that has resulted in a confusion and controversy about the pathogenesis and management of non-arteritic anterior ischemic optic neuropathy. It seems
that, in the past, the lack of any hopeful treatment for these blinding disorders discouraged researchers from investing their valuable time in investigating them. Fortunately,
knowledge is constantly evolving and advancing. An in-depth understanding of the
morphology, blood supply and circulation of the optic nerve, the factors that influence
its blood flow, and the pathogenesis of various types of ischemic optic neuropathy is
crucial if we are to manage these diseases rationally; after all, the basic sciences are
the foundation of Medicine. In this book, I have tried to lay out in detail the basic
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scientific facts about various aspects of optic nerve ischemic disorders. Therefore, the
first section of the book covers the relevant basic scientific information related to ischemic optic neuropathies; the second section deals with the etiology, pathogenesis,
clinical features and management of the different types of ischemic optic neuropathy.
Some may comment that there is repetition of information among various chapters. There are many common factors and issues between the various aspects of various ischemic optic neuropathies, so that a certain amount of repetition among the
various chapters is unavoidable, for proper discussion and understanding; however, in
the interests of avoiding repetition, where appropriate, I have made references to
other chapters which contain detailed information on those particular topics, instead
of repeating the whole thing. Finally, since most persons tend to read only the parts
which interest them specifically, I have intentionally repeated some information in
various chapters in order to make each chapter self-explanatory.
Some clinical ophthalmologists may comment that I have gone to excessive length
in some places, in discussing the basic scientific facts, pathogeneses and controversies. But since these diseases are ischemic in nature, an in-depth understanding of the
blood supply and blood flow of the optic nerve and other related issues is key to
understanding their pathogeneses. Also, when dealing with a subject such as ischemic
optic neuropathy, which has attracted ongoing controversy, one has to give a detailed
scientific background. Based on the most current scientific facts, I have discussed
controversial issues candidly and fully, sometimes discussing various issues raised in
those controversies point by point, to place them in proper perspective. Some may
consider that an unorthodox way of dealing with controversies in a book, but I feel
that is only way the reader can logically understand the controversial issues and the
subject. It is my sincere hope that the information in this book helps toward a wider
and better understanding of the ischemic optic neuropathies and the controversies.
I have given frequently my own studies while discussing the subject. Since ischemic disorders of the optic nerve have been the focus of my research work since 1955, most of the
information in the book is based on my published studies. A search of Medline and other
indices of literature revealed thousands of articles by others, published on many aspects of
ischemic optic neuropathies. Their scientific credibility varies enormously. It is impossible to
cite all of them and one has to pick and choose. I have tried to cover as many relevant publications as possible. No doubt, I must have unintentionally missed some good material for one
reason or another, and I apologize for that. I have liberally used material from my own
previous publications where appropriate, when I do not have a better way to present or
phrase it than I did in those publications. In general, I have tried to avoid information from
anecdotal case reports or comments, which, in my opinion, do not necessarily provide valid
information. I have also avoided, as far as possible, using comments from review articles
written primarily by reviewers who have not themselves conducted scientific studies on the
subject. Unlike many authors, I have chosen to describe the findings of my research studies
in the first person rather than in the third person and passive voice; because I stand behind my
work. (I am grateful that my publishers, Springer Verlag, do not object to that preference).
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Terminology and Types of Ischemic Optic
Neuropathy

Terminology
Ischemic optic neuropathy has been given different
eponyms over the years because of differing opinions
on its pathogenesis. Following is a list of the terms
which have been used to describe this condition.
•
•
•
•
•
•
•
•
•
•
•
•

Optic neuritis [1, 2]
Ischemic optic neuritis [3, 4]
Ischemic retrobulbar neuritis [5, 6]
Acute optic neuritis of hypertension or arteriosclerosis [7–10]
Ischemic neuritis of the papilla [11]
Arteriosclerotic papillitis [9, 10, 12–15]
Senile papillitis or senile papillopathy [16]
Pseudo-papillitis [14]
Vascular pseudo-papillitis [17–23]
Papillary apoplexy [24]
Ischemic papillopathy [25]
Optico-malacia [26]

•
•
•
•
•

Infarction of the optic nerve [27]
Acute ischemia of the disc [28]
Ischemic edema of the disc [29, 30]
Ischemic optic neuropathy [31, 32]
Idiopathic ischemic optic neuropathy [33]

Types of Ischemic Optic Neuropathy
As will be discussed later (see Chap. 3), the optic nerve
can be divided into two distinct regions based on blood
supply (Fig. 1.1):
1. The anterior part (optic nerve head), which is supplied primarily by the posterior ciliary artery circulation [35–38].
2. The rest of the optic nerve, which is not supplied by
the posterior ciliary arteries, but is supplied from
multiple sources [36, 39–41].

C
R

S

Col.

Br.

PCA
D

Fig. 1.1 Schematic
representation of blood
supply of the optic nerve.
A arachnoid, C choroid, CRA
central retinal artery, Col. Br.
Collateral branches, CRV
central retinal vein, D dura,
LC lamina cribrosa, ON optic
nerve, PCA posterior ciliary
artery, PR prelaminar region,
R retina, S sclera, SAS
subarachnoid space (Modified
from Hayreh [34])
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Also, the optic nerve head is morphologically different
from the rest of the optic nerve (see Chap. 2).
From my studies on the blood supply of the optic
nerve [35, 36, 39–41], and my experimental [42] and
clinical [43–45] studies, I found in the early 1970s
that interference with the posterior ciliary artery circulation resulted in the development of the clinical
entity for which I coined the term “anterior ischemic optic neuropathy – AION” [43]. From the scientific point of view, this term represents the exact
site and ischemic nature of the lesion in the optic
nerve. An accompanying editorial stated: “The
abbreviation AION adopted by Hayreh almost of
necessity presupposes the existence of a posterior
counterpart “PION” which might, perhaps, be
applied to the post-traumatic optic atrophy associated with damage to the optic nerve within its bony
canal.” [46] I was later able to describe for the first
time the clinical entity of “posterior ischemic optic
neuropathy” (PION) [47]. Based on that information, I therefore classified ischemic optic neuropathy
into two types:
Anterior ischemic optic neuropathy (AION)
involving the anterior part of the optic nerve supplied
by the posterior ciliary artery circulation, and
Posterior ischemic optic neuropathy (PION)
involving the rest of the optic nerve not supplied by the
posterior ciliary artery circulation [47–49].
Since then a colossal amount of literature has
accumulated on both AION and PION. Neither
AION nor PION is a single clinical entity; each consists of the following distinct clinical entities with
different etiologies, pathogeneses, clinical features
and managements.

 nterior Ischemic Optic
A
Neuropathy (AION)
This comprises:
1.	Arteritic AION (A-AION): This is almost invariably due to giant cell arteritis.
2.	Non-arteritic AION (NA-AION): This is due to
causes other than giant cell arteritis.

1
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 osterior Ischemic Optic
P
Neuropathy (PION)
Etiologically, this can be classified into:
1. Arteritic PION: This is almost invariably due to
giant cell arteritis.
2. Non-arteritic PION: This is due to causes other
than giant cell arteritis.
3. Surgical PION: This is almost invariably attributable
to a distant systemic surgical procedure [50–52].
This entity has also been called “postoperative” [53]
or “perioperative” [50]. I have used the term “surgical PION” [51, 52] because it is more inclusive.
Thus, the clinical entity “ischemic optic neuropathy”
actually consists of five distinct clinical entities which
differ etiologically, pathogenetically, clinically and from
the management point of view. All are caused by acute
ischemia due to a variety of causes, as discussed later.
Unfortunately, as is often the case in medical terminology, many of those older, misleading terms are still being
used, particularly the term “ischemic optic neuropathy”
or “optic neuritis” for “AION”. The other terms which I
have found used not uncommonly are “acute ischemic
optic neuropathy” and “acute nonarteritic ischemic optic
neuropathy” in many studies dealing with NA-AION;
however, since there is no “chronic ischemic optic neuropathy” and it is always “acute”, there is little validity
in the use of the terms “acute ischemic optic neuropathy” or “acute nonarteritic ischemic optic neuropathy”.
The use of a correct, scientifically valid term to
describe a clinical entity is essential. The correct term
reflects the true nature of the disease. It is exactly like
describing different persons by their correct names, to
identify whom we are talking about.

 elative Frequency of Various Types
R
of Ischemic Optic Neuropathies
So far there has been little information on this subject.
I analyzed this in all patients with various types of ischemic optic neuropathies seen in my clinic from 1973 to
2008. There were about 1,400 patients. I analyzed the

References

relative frequency of the five types of ischemic optic
neuropathy among this cohort. The relative frequencies
of AION and PION were 96% and 4% respectively.
Since PION is a diagnosis of exclusion [47], however,
it may sometimes have been missed, so that the frequency I found may be a slight underestimate.
Anterior ischemic optic neuropathy: The total
number of patients seen in my clinic with this condition was about 1,350. Of those about 90% had
NA-AION and 10% arteritic AION.
Posterior ischemic optic neuropathy: There were
about 50 patients. Of those, about 66% patients had
non-arteritic PION, 26% arteritic PION, and 7% surgical PION.
Of course, the relative proportion of the various
types of ischemic optic neuropathy will vary among
different clinics, depending upon the total number of
patients seen and the type of practice, but the above
data provides a useful general guide.
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Structure of the Optic Nerve

A good understanding of the structure of the optic
nerve and topographic localization of the nerve fibers
in it from the various parts of the retina is essential for
comprehension of various aspects of ischemic optic
neuropathy.
The length of the optic nerve varies widely, even
between the two eyes of the same person and is
35–55 mm from the eyeball to the chiasma (intraocular
part 1 mm, intraorbital part 25 mm, intracanalicular
part 4–10 mm and intracranial part 10 mm [1]). For
descriptive purposes, the optic nerve can be divided
into the following four parts:
1.
2.
3.
4.

Optic nerve head
Intraorbital part
Intracanalicular part
Intracranial part

The Optic Nerve Head
In the literature, the ophthalmoscopic term “optic disc”
has been applied interchangeably either to the whole
or a part of the anterior-most part of the optic nerve
head (i.e., the surface nerve fiber layer and the prelaminar region) or to the entire optic nerve head. Similarly
the term “papilla” has been used as a synonym for the
optic disc or optic nerve head. The term “papilla” was
coined by Briggs in 1676 [2] based on an erroneous
impression that the normal optic nerve head was elevated like a papilla. Since the structure usually is not
elevated above the level of the adjacent retina, lies in
the same plane as retina and has in fact a central depression (i.e., the physiological cup) or may even be flat,
the term “papilla” is a misnomer. It must, however, be
conceded that the appearance of the optic nerve head

shows considerable variations, all of which may be
“within physiological limits” (see Chap. 7). I prefer to
use the term “optic nerve head”; however, I have
retained the term “optic disc”, for two main areas of
usage: firstly, in reviews of work by other authors
where I am not sure how much of the optic nerve
head has been included by them under this term, and
secondly, in ophthalmoscopic descriptions of optic
nerve head lesions, where it is not possible to be definite as to how much of the nerve head is involved.
The optic nerve head is about 1 mm long and about
1.5 mm (1.18–1.75 mm [3, 4]) in diameter, the vertical
diameter being slightly greater than the horizontal –
Ishii [5] described the average horizontal diameter as
1.618 mm and the vertical diameter as 1.796 mm. The
diameter of the optic disc depends upon the diameter
of the chorioscleral canal at the level of Bruch’s membrane. The canal is usually conical in shape – the posterior part wider than the anterior part; but it may be
cylindrical, and very rarely it may either be of a
truncated (or triangular) type with its central part
narrowest [6] or an elbow extension type with the central
part widest [7]. The ophthalmoscopic configuration of
the optic disc and of the physiological cup depends
upon the size, shape and direction of the canal, as well
as the diameter of the opening in the Bruch’s membrane and scleral canal. The shorter the canal diameter,
the smaller is the cup and vice versa. This is because
the total optic nerve tissue volume (i.e., the nerve
fibers, glial tissue and blood vessels) in all probability
does not vary significantly in normal eyes; if the canal
is narrow the available space may be just enough to
accommodate the tissue, with no physiological cup,
but, on the other hand, with a wide canal the extra
space may manifest as a physiological cup – the wider
the canal, the larger the cup. The shape of the canal and
mode of insertion of the optic nerve into the eyeball
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may determine the shape of the cup. For example,
oblique insertion of the optic nerve results in a different shape of the optic disc and size of the optic disc cup
(see Fig. 7.8).
We [8] did histological studies on 12 eyes and
optic nerves of adult rhesus monkeys which provided
useful information. Most of the histological description in this chapter is based on our study [8], combined
with that provided by other studies. For descriptive
purposes, the structure of the optic nerve head can be
further subdivided into the following three regions
from front to back (Figs. 2.1–2.4); however, there is no
sharp line of demarcation between these zones of the
optic nerve head.
1. The surface nerve fiber layer
2. The prelaminar region
3. The lamina cribrosa region

The Surface Nerve Fiber Layer
This is the most anterior layer of the optic nerve head,
containing the compact optic nerve fibers as they converge here from all over the retina and bend to run into
the optic nerve (Figs. 2.1–2.6). It is separated from the
vitreous by the inner limiting membrane of Elschnig
[3, 4] which is composed of astrocytes [8–10]
(Fig. 2.7). In the region of the physiological cup, this
membrane is often thick and is called the central
meniscus of Kuhnt, but is very thin when the cup is
large. In addition to these tissues, this layer of the optic
nerve head has a large number of blood vessels,
consisting of not only a dense capillary network on its
surface but also the large retinal vessels and venous
tributaries (Fig. 2.8). A conspicuous remnant of the
hyaloid artery (“Bergmeister’s papilla”) is very rare on
the human disc (Fig. 2.9); however, in my study of
rhesus monkeys, I have found it in almost all the eyes,
examined both histologically as well as ophthalmoscopically (Figs. 2.4 and 2.10); it has a well-developed
muscular coat, with, of course, a superficial coating of
the glial tissue.
The region posterior to the surface nerve fiber layer
is subdivided into three parts from front backward [8]:
(1) pure glial part (prelaminar region), (2) mixed part –
a transition zone between the prelaminar and the lamina
cribrosa regions, and (3) connective tissue part (lamina
cribrosa).

Fig. 2.1 Longitudinal section of a half of the normal human
optic nerve showing the region of the optic nerve head and the
retrolaminar optic nerve. LCR Lamina cribrosa region, PLR
Prelaminar region, RLR Retrolaminar region, SNFL Surface
nerve fiber layer

The Prelaminar Region
This part of the optic nerve head has been called the
glial, choroidal or more commonly anterior part of the
lamina cribrosa [8, 11–17] which has created a certain
amount of confusion in communication. Sometimes
even the very existence of this glial region as a distinct entity has been ignored [11, 12]. In any discussion on pathologic changes in anterior ischemic optic
neuropathy, optic disc edema and glaucoma, this is
perhaps one of the most important regions of the optic
nerve.
This is almost entirely built up by glial tissue and the
connective tissue fibers are seen only in connection with
the vessels [8]. Glial fibers are much finer than the connective tissue fibers and they still retain a direction perpendicular to the nerve fiber bundles. Centrally, they
remain attached to the connective tissue surrounding the
central retinal vessels (Fig. 2.11), and peripherally they
are attached to the choroid as well as to the elastic membrane (Fig. 2.12). The number of glial cells in this part
is enormous; they are markedly flattened in the anteroposterior direction and are packed in dense transverse

The Optic Nerve Head
Fig. 2.2 Longitudinal section
of a normal rhesus monkey
optic nerve showing the
region of the optic nerve head
and the retrolaminar optic
nerve. LCR Lamina cribrosa
region, PLR Prelaminar region,
RLR Retrolaminar region,
SNFL Surface nerve fiber
layer

Fig. 2.3 Longitudinal section
of a normal rhesus monkey
optic nerve showing the
region of the optic nerve head
and the retrolaminar optic
nerve and central retinal
artery (A) and vein (V). LCR
Lamina cribrosa region, PLR
Prelaminar region, RLR
Retrolaminar region, SNFL
Surface nerve fiber layer

Fig. 2.4 Longitudinal
section of a normal rhesus
monkey optic nerve showing
the region of the optic nerve
head and the retrolaminar
optic nerve and
Bergmeister’s papilla (BP).
LCR Lamina cribrosa region,
PLR Prelaminar region, RLR
Retrolaminar region, SNFL
Surface nerve fiber layer
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Fig. 2.5 Bundles of the
optic-nerve fibers running
from the retina to the lamina
cribrosa in normal rhesus
monkey. (Golgi’s stain) LCR
Lamina cribrosa, PLR
Prelaminar region, SNFL
Surface nerve fiber layer

Fig. 2.6 Bundles of the optic-nerve fibers running from the retina to the lamina cribrosa in normal rhesus monkey (Golgi’s
stain). The nerve fibers are non-myelinated in the retina and
prelaminar and lamina cribrosa regions but myelinated in the
retrolaminar region. LCR Lamina cribrosa, PLR Prelaminar
region, RLR Retrolaminar region, SNFL Surface nerve fiber
layer (Reproduced from Hayreh and Vrabec [8])

sheets (Figs. 2.11 and 2.13). There may be many capillaries, surrounded by a glial limiting membrane, built up
from the footplates of the glial cells (Fig. 2.14).

The prelaminar region consists of optic nerve fibers
arranged in bundles (Figs. 2.1–2.6), surrounded by
tube-like glial channels formed by specialized astrocytes, “spider cells” [11, 12, 15]. The glial tissue
between the nerve fiber bundles forms trabeculae
(Figs. 2.15–2.17), and capillaries are located within
the glial septa. A narrow, perivascular, connective
tissue space accompanies most of the capillaries [15].
Wolter [11, 12] described the presence of a shallow,
cap-like “wicker basket”, composed of the “spider
cells” lying in this part of the optic nerve head, closely
connected to the lamina cribrosa at its base, and with
its rounded convexity toward the vitreal surface of the
optic nerve head. According to him, the basket acts as
an important supporting, protective and nutritive organ
to the nerve fibers. In our histological study [8] on the
optic nerve head of rhesus monkeys, we did not observe
an anterior limit of this basket. The only connective
tissue seen in this part of the optic nerve head is that
accompanying the capillaries [8, 15]. Wolter [11, 12]
described glial fibers surrounding both the nerve fiber
bundles and the individual nerve fibers in the bundle.
Electron microscopic studies have shown that while
the bundles are surrounded by the astrocytes, their long
processes extend into the fascicles at right angles to the
nerve fibers [18]; Anderson [15], however, found only
an occasional astrocyte process going to the nerve
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Fig. 2.7 Glial elements
at the bottom of the
physiological excavation in
rhesus monkey (Hortega’s
stain) (Reproduced from
Hayreh and Vrabec [8])

Retinal vein
Retinal artery

OD

Cilio-retinal artery

Fig. 2.8 Diagrammatic representation of blood vessels in the
surface nerve fiber layer. OD Optic disc

fibers. The glial cells in the prelaminar portion are
loose and the arrangement of the glial sheets is lost [8].
It would seem probable that this loose arrangement of
the glial framework in the prelaminar portion might
play a role in the pathologic swelling of the optic disc
(Figs. 2.18 and 2.19).
In the central part exists a central depression of
varying degree corresponding to the physiological
cup (Figs. 2.12, 2.20 and 2.21). The bottom of this

Fig. 2.9 Fundus photograph of a human eye showing obliterated remnant of the hyaloid artery (Bergmeister’s papilla BP) at
the center of the optic disc

depression is separated from the vitreous by the inner
limiting membrane of Elschnig (Figs. 2.7, 2.20 and
2.21). When the depression does not reach the level of
the lamina cribrosa, the central connective tissue sends
some anchoring fibers distally to the bottom of the
excavation [8] (Fig. 2.20) In other cases the central
excavation may reach the lamina cribrosa (Fig. 2.21). In
all these instances, the central connective tissue reaches
the internal limiting membrane of Elschnig [8].
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Fig. 2.10 Obliterated
remnant of the hyaloid artery
(Bergmeister’s papilla – BP)
at the optic nerve head in a
rhesus monkey. (Hortega’s
stain) LCR Lamina cribrosa,
PLR Prelaminar region, RLR
Retrolaminar region
(Reproduced from Hayreh
and Vrabec [8])

Fig. 2.11 Glial portion of
the lamina cribrosa, showing
its central attachment to the
connective-tissue sheath of
the central retinal vessels and
the arrangement of glial
fibers. (Hortega’s stain) (A)
Artery (Reproduced from
Hayreh and Vrabec [8])

Fig. 2.12 Longitudinal
section of a half of the optic
nerve head, showing
peripheral anchorage of the
connective-tissue part of the
lamina cribrosa to the sclera,
and of the glial part to the
choroid and elastic lamina
(Bruch’s membrane)
(Hortega’s stain)
(Reproduced from Hayreh
and Vrabec [8])

Cup
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Fig. 2.13 Prelaminar region
of the optic nerve head with
very fine fibers and a large
number of glial cells,
markedly flattened in the
anteroposterior direction and
packed in dense transverse
sheets (Hortega’s stain)
(Reproduced from Hayreh
and Vrabec [8])

Fig. 2.14 Glial membrane
surrounding the capillaries
(arrow) in the prelaminar
region of the optic nerve
head (Hortega’s stain)
(Reproduced from Hayreh
and Vrabec [8])

The prelaminar region at its edge is separated by
several layers of astrocytes from the adjacent deeper
layers of the retina (“Intermediate tissue of Kuhnt”
[6]) and from the adjacent choroid (“Border tissue
of Jacoby” [19]). These astrocytes not only form a
column around the circumference of the chorioretinal
canal and send processes internally among the nerve
bundles but also invest the connective tissue of all vessels entering this portion of the optic nerve head [18].

The optic nerve fibers coming from the retina make
a 90° bend in the surface layer of the optic nerve head
to run back in the optic nerve (Figs. 2.1–2.6); and as
they make the bend their main support is the glial
tissue of the prelaminar region. The nerve fibers are
arranged in bundles. Within the bundles, the axons
are separated either from each other by an intercellular space measuring 150 Å, or from an astrocyte
process by a similar space [18]. Cohen [20] found the
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Fig. 2.15 Transverse
section of the glial part of the
prelaminar regions of the
optic nerve head showing the
arrangement of the septa

Fig. 2.16 Transverse
section of the glial part of the
prelaminar regions of the
optic nerve head showing the
arrangement of the septa

axons in this region to have no organized glial
separation, often being contiguous with one another
for up to 200 mm. The nerve fibers in this part, as in
the surface nerve fiber layer and the retina, are unmyelinated and vary in diameter, and are arranged in
bundles; toward the retina the bundles become closely
packed (Figs. 2.5 and 2.6).

The Lamina Cribrosa Region
This region of the optic nerve head has been described
as the scleral or posterior part of the lamina cribrosa.
I have restricted the term lamina cribrosa to this part of
the optic nerve head in order to avoid unnecessary
confusion.

The Optic Nerve Head

15

Fig. 2.17 Transverse section
of the mixed part of the
prelaminar region of the
optic nerve head showing the
arrangement of the septa
(Reproduced from Hayreh
and Vrabec [8])

Fig. 2.18 Edema of the optic
nerve head in a rhesus
monkey due to the raised
intracranial pressure
(Hortega’s stain) (Reproduced
from Hayreh and Vrabec [8])

The lamina cribrosa is usually convex posteriorly
and concave anteriorly (Figs. 2.1–2.4 and 2.10). There
is no sharp transition between the anterior prelaminar
glial and posterior connective tissue parts, resulting in
the transitional zone (mixed part) of varying size
between the two.

The Connective Tissue Part
This extends transversely across the entire thickness of
the optic nerve head, bridging the scleral canal
(Figs. 2.2–2.4, 2.12 and 2.20–2.24). At the periphery,
the connective tissue part of the lamina cribrosa is
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Fig. 2.19 High-power view
of Fig. 2.18 in the region
of the glial part of the
prelaminar region (Hortega’s
stain) (Reproduced from
Hayreh and Vrabec [8])

Fig. 2.20 Longitudinal
section of the anterior part of
the optic nerve in rhesus
monkey showing a thick
horizontal fibrous band of
lamina cribrosa (LCR) and
the connective tissue sheath
of the central retinal vessels
centrally (*), which reaches
the bottom of the optic disc
cup. (Hortega’s stain) LCR
Lamina cribrosa, PLR
Prelaminar region, RLR
Retrolaminar region

anchored to the surrounding sclera by thick columns of
the connective tissue with enlarged bases (Figs. 2.25
and 2.26); the same kind of anchorage is present

c entrally (Figs. 2.20, 2.21 and 2.24–2.26), binding the
lamina cribrosa firmly to the connective tissue envelope of the central retinal vessels.

The Optic Nerve Head
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Fig. 2.21 Optic nerve head
with a deep excavation (Cup).
(Hortega’s stain) LCR Lamina
cribrosa, PLR Prelaminar
region, RLR Retrolaminar
region. *Connective tissue
around central retinal vessels
(Reproduced from Hayreh
and Vrabec [8])

Fig. 2.22 Longitudinal
section of the anterior part of
the optic nerve in rhesus
monkey, specifically showing
anchorage of the connective
tissue strands of the lamina
cribrosa to the sclera at the
periphery and to the
connective tissue sheath of
the central retinal vessels
centrally (*). (Hortega’s
stain) LCR Lamina cribrosa
region, PLR Prelaminar region,
RPR Retrolaminar region.
(Reproduced from Hayreh
and Vrabec [8])

The connective tissue fibers of the lamina cribrosa
are tightly packed together so that, in a longitudinal
section through this region, it is seen as a dense compact band of the connective tissue bridging the scleral
canal (Figs. 2.2, 2.4 and 2.20–2.24). In cross sections
of the lamina cribrosa, this compact connective tissue
reveals many openings for the transmission of the optic
nerve fiber bundles (Figs. 2.25–2.29). The lamina cribrosa is of a lamellar nature with collagen bundles alternating with glial sheets [15, 17]; posteriorly the
collagen tissue sheets become increasingly prominent.

Wolff [17] and Hogan et al. [18] found a large amount
of elastic tissue in the lamina cribrosa, but Anderson
[15] found it to vary greatly from one eye to another.
The posterior part of this is not sharply delimited from
the septal system of the retrolaminar optic nerve, so
that the connective tissue septa of the latter are attached
to the posterior surface of the lamina cribrosa (Figs. 2.4,
and 2.20–2.24). Numerous vessels arising from the
circle of Haller and Zinn or paraoptic short posterior ciliary arteries (see Chap. 3) penetrate into the
optic nerve and large capillaries are seen within the
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Fig. 2.23 Longitudinal
section of the anterior part of
the optic nerve in rhesus
monkey showing transitional
strands between the
connective-tissue part
of the lamina cribrosa
and the retrolaminar
connective tissue. LCR
Lamina cribrosa region, PLR
Prelaminar region, RPR
Retrolaminar region
(Hortega’s stain) (Reproduced
from Hayreh and Vrabec [8])

Fig. 2.24 Longitudinal
section of the anterior part of
the optic nerve in rhesus
monkey showing anchoring
connective-tissue fibers
running from the central
connective-tissue strand
(surrounding the central
retinal vessels *) to the
bottom of the optic disc cup
(Hortega’s stain)

connective tissue trabeculae. A continuous glial membrane, similar to that seen in the retrolaminar part,
separates the nerve fibers from the connective tissue in
the region of the lamina cribrosa.
It has been shown that there are regional differences in the fine structure of the lamina cribrosa,
with superior and inferior parts containing larger
pores and thinner connective tissue septa than in
the nasal and temporal parts of the lamina cribrosa
[21]. Another histological study showed that the

connective tissue and glial cell structural elements
were greater in the nasal-temporal region compared
with the inferior and superior quadrants [22]. The
openings are mostly oval or round and their diameter
varies greatly (Figs. 2.25–2.29). Some of the larger
openings of the lamina cribrosa are subdivided by the
connective tissue. All the openings in the lamina cribrosa are not only lined by astrocytes but are further
subdivided by glial trabeculae so that a large number
of the glial fibers are seen crossing the opening. The
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Fig. 2.25 Transverse
section of the lamina
cribrosa, showing coarse
connective-tissue septa,
rounded openings for the
nerve bundles and, in the
periphery, glial fibers
expanded across the
openings. (A) Central retinal
artery, (V) Central retinal vein
(Hortega’s stain)
(Reproduced from Hayreh
and Vrabec [8])

Fig. 2.26 Transverse section of the lamina
cribrosa, showing coarse connective-tissue
septa, rounded openings for the nerve
bundles and, in the periphery, glial fibers
expanded across the openings. (A) Central
retinal artery, (V) Central retinal vein.
(Hortega’s stain.) (Reproduced from
Hayreh and Vrabec [8])

glial tissue forms a continuous glial membrane
surrounding each nerve fiber bundle, as in the prelaminar region; thus it separates the nerve fiber bundles
from the adjacent connective tissue. In the middle
of the opening many typical fibrous astrocytes can
be seen (Figs. 2.28 and 2.29). As the myelin sheath is
lacking here (Figs. 2.5 and 2.6), the openings of the
lamina cribrosa are considerably smaller than the
interseptal space in the retrolaminar part. The coarse
connective tissue trabeculae (Figs. 2.25–2.29), show
mostly oval or round openings of very variable
diameter as compared with the polygonal large spaces
of the retrolaminar septal system.

Hernandez et al. [23], on immunofluorescent staining,
found that the lamina cribrosa consists of elastin fiber and
collagen III and IV and laminin; at the insertion of the
lamina cribrosa in the sclera there are concentric circumferential elastin fibers surrounding the lamina cribrosa
and astrocytic processes extend into the bundles of elastin
fibers. They [24] found that there was an age-related
increase in apparent density of collagen types I and III
and elastin and increase in density of collagen type IV.
The lamina cribrosa, throughout its entire thickness, is pierced centrally by the central retinal vessels
with their accompanying connective tissue (Figs. 2.3,
2.12, 2.20–2.22 and 2.24–2.26). The latter tissue forms
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Fig. 2.27 Transverse section
of the lamina cribrosa region
of the optic nerve head
showing the arrangement of
the septa (Reproduced from
Hayreh and Vrabec [8])

Fig. 2.28 Transverse
section of the lamina
cribrosa, showing fibrous
astrocytes in the openings of
the lamina cribrosa
(Hortega’s stain)

a cylindrical sheath surrounding the vessels, within
which numerous fine nerve fibers (autonomic) are seen
running along the central vessels to the optic disc [8].
Some of these are closely attached to the vessel wall.
In our study [8], in some sections we were able to follow larger trunks of such nerve fibers, representing the
so-called nerve of Tiedemann (Fig. 2.30).
The nerve fibers in this region are similar to those
seen in the prelaminar region. The border tissue of

Elschnig, much more strongly developed on the temporal than on the nasal side, separates the sclera from
the nerve fibers and is composed of dense collagenous
tissue with many glial and elastic fibers and some pigment [8, 25]. It continues forward to separate the choroid from the prelaminar region. The glial framework,
formed by the astrocytes, extends throughout the entire
optic nerve head and seems to account for more than
half of the volume of the optic nerve head [15].

Intraorbital Part of the Optic Nerve
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Fig. 2.29 Transverse
section of the lamina
cribrosa, showing fibrous
astrocytes in the openings of
the lamina cribrosa
(Hortega’s stain)

Fig. 2.30 Longitudinal section of the optic
nerve in rhesus monkey showing nerve of
Tiedemann (arrow) running parallel with
the wall of the central retinal artery (CRA)
in the optic nerve. (Gros-Schultze’s stain)
(Reproduced from Hayreh and Vrabec [8])

Intraorbital Part of the Optic Nerve
This extends from the eyeball to the optic canal. The
diameter of the optic nerve in the retrolaminar region
is about twice that of the optic disc (i.e., 3–4 mm); this
is because the nerve fibers are myelinated in the orbital
part and rest of optic nerve, but they are unmyelinated
in the lamina cribrosa and anterior to that (Figs. 2.5
and 2.6). This part of the optic nerve is surrounded by
the meningeal sheath which consists of the dura mater,
arachnoid mater and pia mater, and cerebrospinal fluid

in the subarachnoid space (Figs. 2.31 and 2.32). The
pia mater is closely related to the optic nerve.
This part of the optic nerve has coarse connectivetissue septa (Figs. 2.33 and 2.34), containing blood
vessels. They run in all directions – longitudinal and
transverse septa in the optic nerve are all attached to
one another (Figs. 2.3, 2.4, 2.20–2.24, 2.35 and 2.36).
In the central part of the optic nerve, near the central
vessels, the main direction of the connective-tissue
fibers is longitudinal (Fig. 2.37). These can easily be
differentiated from the glial fibers because of their
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Fig. 2.31 A diagrammatic
copy of a longitudinal section
of a normal human optic
nerve, showing the optic
nerve sheath in its different
parts. A arachnoid, C choroid,
D dura, OC Optic canal, ON
optic nerve, P Pia, R retina,
S sclera (Reproduced from
Hayreh [26])
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Fig. 2.32 Schematic
diagram, showing various
regions of the optic nerve
sheath. A arachnoid, D dura,
EB Eyeball, OC Optic canal,
ON optic nerve (Reproduced
from Hayreh [26])

coarse and sinuous character. The longitudinal fibrous
septa of the retrolaminar part of the optic nerve are
firmly anchored to the posterior surface of the lamina
cribrosa (Figs. 2.4 and 2.20–2.24). The transverse
septa at the periphery are attached to the pia on the
surface, and to the fibrous envelope around the central
retinal vessels centrally (Figs. 2.33 and 2.34). The
septa form a rather complicated intercommunicating
polygonal tubular framework, and enclose within them
the nerve fiber bundles with the accompanying glia
(Fig. 2.34). The large connective tissue tubes are often
bridged by fine fibrous tissue bands (Fig. 2.36).
As in the rest of the central nervous system, at the
neuroectodermal-mesodermal junction the nerve fibers
are always separated from the collagenous tissue and

D

A

ON
OC

blood vessels by an astroglial layer, throughout the
course of the optic nerve. The supporting glial framework is built up by fibrous astrocytes lying within the
nerve fiber bundles. The astrocytes are connected to
the connective tissue septa (Fig. 2.38), and their capillaries by well-marked footplates. The course of all
their fibers is best seen in specimens stained by Golgi’s
methods (Fig. 2.39).
Within the nerve fiber bundles are situated longitu
dinal rows of angular elements of the oligodendroglia,
with densely impregnated cytoplasm and short protoplasmic processes (Figs. 2.40–2.42). Scattered among
the nerve fibers are the thin, branched microglial cells,
with typical nuclei and processes (Figs. 2.41 and 2.42)
– they constitute a part of the reticuloendothelial

Intraorbital Part of the Optic Nerve

Fig. 2.33 Transverse section of a human retrolaminar optic
nerve, showing the arrangement of the septa. A Central retinal
artery, V Central retinal vein

system. Impregnation of oligodendroglia, however, is
very difficult and requires practically intravital fixation
of the material. That is perhaps the reason why in the
normal human material most of the authors were not
able to stain these cells successfully [11, 12]. In our
study [8] of rhesus monkeys, we did the intravital fixation of the tissues. The rows of oligodendrocytes
(Fig. 2.43), as well as the myelin sheaths, stopped
shortly behind the lamina cribrosa. We did not find any
typical oligodendroglia anterior to the retrolaminar
region. Oligodendroglia are responsible for the formation of the myelin sheaths.
The nerve fibers are arranged in bundles (Figs. 2.1–
2.4 and 2.20–2.24), with frequent interchanging of
some fibers between the neighboring bundles, thus
forming a sort of network. The myelin sheaths reach
almost to the posterior part of the lamina cribrosa.
Within the nerve fiber bundles are situated longitudinal
rows of angular elements of the oligodendroglia, with
densely impregnated cytoplasm and short protoplasmic
processes (Fig. 2.43).
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Fig. 2.34 Transverse section of the retrolaminar optic nerve in
rhesus monkey, showing the arrangement of the septa. A Central
retinal artery (Reproduced from Hayreh and Vrabec [8])

In the center of the anterior intraorbital part of the
optic nerve lie the central retinal vessels enclosed in
their envelope (Figs. 2.33, 2.34, 2.44 and 2.45). In the
center of the posterior part lie some inconstant vessels
(see Chap. 3). The pia mater has a dense vascular plexus
on the surface of the orbital optic nerve, formed by
branches from the various branches of the ophthalmic
artery (Fig. 2.46); this plexus forms the centripetal
vascular system of blood supply to the optic nerve (see
Chap. 3). The dura mater also has vessels on it but much
less than on the pia mater. Most of the dural vessels
penetrate the dura to supply the pial plexus (Fig. 2.44).
The ophthalmic artery lies in close relationship to
this part of the optic nerve – the first part of the
ophthalmic artery is almost adherent to the inferolateral part of the optic nerve (Fig. 2.47), its second part
crosses over (in 83%) or under (17%) the optic nerve
in close relationship to the sheath, but the third part
runs in a superior and medial direction away from the
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Fig. 2.36 A high-power view of a part of Fig. 2.35, showing
fine connective-tissue strands bridging over a large connectivetissue tube (Reproduced from Hayreh and Vrabec [8])
Fig. 2.35 Longitudinal section of the retrolaminar part of the
optic nerve in rhesus monkey, showing coarse connective-tissue
septa. (Hortega’s silver carbonate) LCR Lamina cribrosa, PLR
Prelaminar region, RLR Retrolaminar region (Reproduced from
Hayreh and Vrabec [8])

optic nerve [30] (Fig. 2.48). The central retinal artery
and vein, after their entry/exit from the optic nerve
(5–15 mm, median 10 mm behind the eyeball [31]) lie
in close relationship or adherent to the inferior aspect
of the sheath (Fig. 2.49). Near the eyeball, the nerve is
surrounded by multiple short posterior ciliary arteries
and ciliary nerves (see Chap. 3).

Sheath of the Optic Nerve
I investigated the anatomy of the sheath of the optic
nerve and its communication with the cranial cavity in
80 human and 20 rhesus monkey optic nerves, and in

rabbits [32]. The pattern was similar in the human and
monkeys. The sheath (i.e. dura mater and arachnoid
mater) normally is loose near the eyeball, with a much
bigger subarachnoid space between the optic nerve
and the sheath than elsewhere in its course, consequently presenting a bulbous appearance just behind
the eyeball [32] (Figs. 2.31 and 2.32). The space ends
blindly at the junction of the sheath and the eyeball.
The subarachnoid space between the optic nerve and
the sheath is narrowest in the region of the optic canal.
In the optic canal, the optic nerve is attached to the
surrounding dura by thick fibrous bands (Figs. 2.32
and 2.50), which stretch from the dura to the pia, with
the arachnoid interrupted at the sites of the bands but
continuous in-between. The amount of these fibrous
adhesions shows marked interindividual variation. The
characteristics of the optic nerve sheath in rabbits
differed from the human and monkeys in that there
were neither similar adhesions in the optic canal nor
looseness of the sheath behind the eyeball.

Sheath of the Optic Nerve
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Fig. 2.37 Longitudinal connective-tissue fibers near the central
retinal vessels. Fine glial fibers are seen running perpendicular
to the connective-tissue septa (Hortega’s silver carbonate)
(Reproduced from Hayreh and Vrabec [8])

At the apex of the orbit, at the orbital opening of
the optic canal, the optic nerve sheath is attached and
surrounded by the annular tendon to which are
attached the various recti muscles. In the optic canal
region, the two layers of the dura mater are joined
together but at the orbital end of the canal they split –
the outer layer forms the periosteum of the orbital
bones while the inner layer forms the dural sheath of
the optic nerve (Fig. 2.32). In the optic canal, the
ophthalmic artery is closely related to the optic nerve,
and lies partly in the subdural space and partly
between the two layers of the dura mater, usually the
inferior and lateral aspect of the optic nerve [33]
(Fig. 2.47).
The anatomy of the sheath of the optic nerve in the
region of the optic canal deserves special consideration because it seems to have great importance in
more than one way. The length of the bony optic canal
is smaller than the canal in situ in the normal body in

Fig. 2.38 Transverse section of the optic nerve, showing fibrous
astrocytes and their processes within the nerve-fiber bundles
(Hortega’s silver carbonate) (Reproduced from Hayreh and
Vrabec [8])

man, because the upper bony margin of its cranial
cavity is prolonged by 0.5–0.6 mm into the cranial by
a falciform fold of dura [33] (Fig. 2.51). Unlike the
orbital part of the sheath, the optic nerve in the optic
canal, as discussed above, is firmly bound down to
the dura by numerous thick fibrous bands which connect the dura to the pia (Figs. 2.32 and 2.50). These
bands not only firmly hold the optic nerve in position
in this region but also hold the dura and the optic
nerve close to one another. In this region, the subarachnoid space is reduced to almost a capillary size
(Fig. 2.50 – SAS), which is interrupted by these
bands. Therefore, the space assumes the character of
a trabecular meshwork of closely knit fibers in the
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Fig. 2.39 Fibrous astrocytes
and their processes in the
optic nerve (Golgi’s stain)
(Reproduced from Hayreh
and Vrabec [8])

Fig. 2.40 An oligodendrocyte (Penfield’s stain) (Reproduced
from Hayreh and Vrabec [8])

canal. It must, however, be added that in some cases
only scanty adhesions were seen all round the optic
nerve in this region.
The normal bulbous appearance of the sheath has
often erroneously been assumed to be caused by

stretching and distension of the sheath due to raised
cerebrospinal fluid pressure in it; however that is not
possible because the dura, being firm collagen fibers
(not elastic fibers), is incapable of distension with
any amount of raised cerebrospinal fluid seen in
patients. In my studies of orbital surgery in about
400 monkeys for experimental occlusion of various
ocular vessels, distension of the sheath of the optic
nerve, filled with cerebrospinal fluid, was always
present normally. The anatomy of the sheath in the
region of the optic canal plays a crucial role in the
dynamics of conveying the cerebrospinal fluid
pressure of the cranial cavity into the sheath of the
optic nerve. Communication between the subarachnoid spaces of the cranial cavity and the optic nerve
sheath is almost always seen; however, the extent of
communication in the optic canal shows wide interindividual variation [32]. To reach the orbital part of
the sheath, the cerebrospinal fluid has to percolate
through the capillary meshed trabecular network
formed by the adhesions in the optic canal. The extent
of those adhesions determines the speed with which
the cerebrospinal fluid pressure can be transmitted
from the cranial cavity to the orbital part of the sheath.
It is well-established now that it is the raised cerebrospinal fluid pressure in the orbital part of the sheath
that plays a role in the development of optic disc
edema in raised intracranial pressure [26, 34, 35].

Intracranial Part of the Optic Nerve
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Fig. 2.41 A group of oligodendrocytes
together with a microglial element (arrow)
(Penfield’s stain) (Reproduced from Hayreh
and Vrabec [8])

Fig. 2.42 Oligodendrocytes
and microglia (Penfield’s
stain) (Reproduced from
Hayreh and Vrabec [8])

Intracanalicular Part of the Optic Nerve

Intracranial Part of the Optic Nerve

This part lies in the bony optic canal (Fig. 2.32), surrounded by the meningeal sheath (see above). The
basic structure of this part of the optic nerve is almost
the same as that of the adjacent intraorbital part.

In this part, the optic nerve lies above the diaphragma
sellae at first and then above the cavernous sinus, and is
in close relationship to the ophthalmic artery infero
laterally, internal carotid artery laterally (Fig. 2.51) and
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canal. The ophthalmic artery is always attached to the
under surface of the optic nerve by a loose meshwork
of vascular connective tissue [33]. Unfortunately, this
part of the optic nerve being a no-man’s land between
neurologists and ophthalmologists, little information
about its structure is available.

Optic Nerve Fibers

Fig. 2.43 Oligodendrocytes (arrow) in the retrolaminar portion
of the optic nerve (Penfield’s stain) (Reproduced from Hayreh
and Vrabec [8])

anterior cerebral artery superiorly. The nerve is
covered by the pia mater and there is no meningeal
sheath comparable to that in the orbit and the optic

There are about one million optic nerve fibers. They
are of 5 types: (1) visual afferent (serving visual function and going to the lateral geniculate body), (2)
pupillary afferent (serving the pupillary reflex and
going to the tectum), (3) efferent to the retina (unknown
function), (4) photostatic (running to the superior colliculus) and (5) autonomic fibers [1].
The nerve fibers vary in diameter (between 0.7 and
10 mm, mostly 1 mm [18]). According to Polyak [36] –
the smaller axons come from the midget ganglion cells
of the central retina and the larger axons from the ganglion cells from the peripheral retina. In the prelaminar
region, the nerve fibers are unmyelinated (Figs. 2.5 and
2.6) and arranged in bundles (Figs. 2.1–2.6). Toward
the retina the bundles become closely packed. In the
lamina cribrosa region the nerve fiber bundles lie in its
pores and are unmyelinated (Figs. 2.5 and 2.6). In the
retrolaminar and orbital parts of the optic nerve, the
nerve fibers are arranged in bundles (800–1,200 bundles [18]). They lie in polygonal spaces formed by the
fibrovascular septa in the orbital part of the optic nerve.

C
R

S

Col.

Br.

PCA
D

A

Pia

Fig. 2.44 Schematic
representation of blood
supply of the optic nerve.
A arachnoid, C choroid, CRA
central retinal artery, Col. Br.
collateral branches, CRV
central retinal vein, D dura,
LC lamina cribrosa, ON optic
nerve, PCA posterior ciliary
arteries, PR prelaminar
region, R retina, S sclera, SAS
subarachnoid space
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Fig. 2.45 Transverse section
of the central part of the
retrolaminar part of the optic
nerve, showing central
retinal artery (CRA) and vein
(CRV) enclosed by a
common fibrous tissue
envelope (FTE) (Mason’s
trichrome staining)
(Reproduced from Hayreh
et al. [27])

The nerve fiber bundles lie in the complicated intercommunicating tubular framework formed by the septa,
accompanied by glia. There is a frequent interchange
of fibers between the neighboring bundles, thus forming a sort of network. Within the bundles, the nerve
fibers are insulated from their neighbors by neuroglia.
The myelin sheaths reach almost to the posterior part of
the lamina cribrosa. Within the nerve fiber bundles are
rows of supporting astrocytes, oligodendrocytes and
some microglial cells. A continuous glial membrane
formed by the astrocytes separates the nerve fibers from
the connective tissue in the lamina cribrosa and the retrolaminar region.

 opographic Localization of the Nerve
T
Fibers from the Various Parts of the
Retina in the Optic Nerve

Fig. 2.46 Inferior surface of the human optic nerve (intraorbital
part) after removal of the sheath, showing pial vessels arising
from different sources. C.A.R. Central artery of the retina, Col.
Br. Of O.A. Collateral branches of ophthalmic artery, CZ Circle
of Zinn and Haller, Pial br. of C.A.R. Pial branches of central
artery of the retina, Rec. pial br. of CZ Recurrent branches of
Circle of Zinn and Haller (Reproduced from Singh (Hayreh) and
Dass [28])

This subject is of tremendous significance to any
discussion and understanding of the type, location and
pathogenesis of visual field defect in optic neuropathies.
In the retina there is no functional overlap between
the superior and inferior temporal halves and the two
meet at a sharp horizontal temporal raphe, situated
between the temporal periphery and the macula
(Fig. 2.52). One could compare that to unfolding a
Japanese fan, with its central axis corresponding to the
optic disc and the two free borders meeting in the
temporal part. The nerve fibers diverge from the raphe
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Fig. 2.47 Intraorbital course
of the human ophthalmic
artery, as seen from the
lateral side of the optic nerve.
OA Ophthalmic artery, OC
Optic canal, ON Optic nerve,
I,II and II Three parts of the
intraorbital part of the
ophthalmic artery
(Reproduced from
Hayreh [29])
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Fig. 2.48 Course of the human ophthalmic artery – left figure
when it crosses under the optic nerve (in 17.4%) and right figure
when it crosses over the optic nerve (in 82.6%). ICA Internal
carotid artery, OA Ophthalmic artery, ON Optic nerve, I,II and II
Three parts of the intraorbital part of the ophthalmic artery

to go to the optic disc. This arrangement is most easily
understood if the raphe is looked upon as a fold in the
temporal margin of the retina drawn in toward the
macula with its edges falling into apposition [38]. This
gave an erroneous impression to some authors that the
optic nerve fibers in the optic nerve head had a maculocentric arrangement. In fact the fibers are centered at
the optic disc.
In the retina the nerve fibers are arranged in layers,
so that the fibers which arise from the ganglion cells in

Fig. 2.49 Origin and intraorbital course of the human central
retinal artery as seen from below. CAR Central artery of the
retina, LPCA Lateral posterior ciliary artery, OA Ophthalmic
artery, PPS Point of penetration of the sheath by the central
artery of the retina (Reproduced from Hayreh and Dass [31])

the peripheral retina maintain a deep position in the
nerve fiber layer, while those which arise closer to the
optic disc course forward through the nerve fiber layer
to lie more superficially in the nerve fiber layer
(Fig. 2.53). Thus, the longer and more peripheral
nerve fibers lie deeper in the nerve fiber layer in
comparison with the shorter fibers, which arise nearer
the disc [39–41]. When these fibers reach the optic
nerve head, the more peripheral fibers come to lie in

Optic Nerve Fibers
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Fig. 2.50 Longitudinal
section of the optic nerve in
the region of the optic canal,
showing a capillary
subarachnoid space (SAS)
and fibrous bands connecting
the optic nerve with the
surrounding sheath (Mason’s
trichrome staining)

Fig. 2.51 Human ophthalmic (O.A.) and internal carotid (I.C.A.)
arteries and optic nerve (O.N.), as seen intracranially, with the
intracranial end of the optic canal and optic nerve in it
(Reproduced from Hayreh [33])

peripheral part of the nerve head, while the fibers arising from the retinal ganglion cells near the optic nerve
head pass across the surface of the optic disc to leave
the eyeball near the center of the nerve head [36, 41–47]

Fig. 2.52 Schematic representation of the optic nerve fibers in
the nerve fiber layer of the retina: 1 and 2 from the superior and
inferior temporal quadrants of the retina respectively, 4 and 5
from the superior and inferior nasal quadrants of the retina
respectively (Reproduced from Hayreh [37])

(Fig. 2.53). However, autoradiographic studies of the
arcuate fibers in the retina in rhesus monkeys revealed
that the nerve fibers intermingle freely along their
intraretinal course; the segregation of the nerve fibers
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Fig. 2.53 Schematic
representation of arrangement of optic nerve fibers in
the nerve fiber layer of the
retina and the optic nerve
head (Reproduced from
Hayreh [37])

Structure of the Optic Nerve
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Ganglion cells
Optic nerve head

takes place at or immediately after the fibers cross the
edge of the disc, so the fibers from the far periphery of
the retina come to lie in the outer part of the disc, while
those from nearer the disc go to the center of the nerve
head [48]. In the optic nerve the fibers rearrange themselves as they travel posteriorly in the nerve.
The studies by Hoyt and colleagues [49–52] have
contributed significantly to our present concept of
the topographic localization of the nerve fibers from
the various parts of the retina in the anterior part of the
optic nerve. They investigated the topographic localization of the optic nerve fibers in various parts of the
optic nerve in monkeys by producing lesions in the
retinal nerve fibers by photocoagulating different
regions of the retina and histologically localizing the
nerve fiber degeneration in different part of the optic
nerve. They found the following.
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Fig. 2.54 Schematic representation of the arrangement of optic
nerve fibers in the optic nerve head, based on the studies of Hoyt
and Luis [50]: 1 and 2 from the superior and inferior temporal
quadrants of the retina respectively, 4 and 5 from the superior
and inferior nasal quadrants of the retina respectively, 3 from the
macular region (Reproduced from Hayreh [37])

1. Lesions in the Upper and Lower Temporal Sectors
of the Retina Temporal to the Fovea
This resulted in interruption of most of the peripheral
and all paracentral axons (sparing the macula) from
the upper and lower temporal retinal quadrants [50].
This caused degeneration of the optic nerve fibers in
upper and lower temporal sectors of the optic nerve up
to 2 to 3 mm behind the eyeball (Fig. 2.54) and these
sectors were joined behind that. The two groups of
fibers were separated by a temporal horizontal area
and they maintained their relative position through the
optic nerve. They extended to the central retinal vessels and became more crescentic in the middle and
proximal thirds of the optic nerve. The apices of the
two sectors did not reach as far as the center of the
optic nerve (Fig. 2.54). There was incomplete sectorshaped degeneration in the superior and inferior temporal part of the optic nerve in the distal one third of
the nerve. The sectors receded farther away from the
center of the optic nerve, as the chiasma was
approached. Both the upper and lower sectors extended
slightly into the nasal half of the optic nerve.
In another study, Hoyt [49] produced photocoagulation lesions in monkeys, in the retina at or near the
optic disc, to investigate the location of arcuate nerve
fibers bundles in the optic nerve. This showed that
arcuate bundles have a stable and predictable arrangement within the optic nerve. These fibers are located in
the temporal half of the optic nerve, corresponding to
their site in the retina. In the anterior part of the optic
nerve, the apex of the sector extends to the central core
of the nerve adjacent to the central retinal vessels. In
the middle and posterior parts of the nerve, the apices
of the sectors are blunted and compressed toward the
outer portion of the nerve. The density of the sector
varies directly with the nearness of retinal lesion to the
optic disc and its width varies with the number of arcuate bundles cut. The closer the lesion to the optic disc,
the closer the apex of the degenerating sector
approaches the core of the nerve.

References

2. Lesions in the Retina Nasal to the Optic Disc
This resulted in very discrete sector degeneration of
nerve fibers in the distal portions of the optic nerve
[50]. Both upper and lower quadrant sectors extended
to the central retinal vessels (Fig. 2.51) and laterally
were adjacent to each other along the horizontal meridian. That sector location persisted throughout the optic
nerve. Retinal lesions in the far nasal periphery produced degeneration only in the nasal periphery of the
optic nerve.
3. Lesion in the Macular Region
Hoyt and Luis [50] found that following macular
lesion, the macular fibers were scattered over a temporal sector occupying at least one third of the cross
sectional area of the nerve in the most anterior part
of the optic nerve. In the proximal part of the optic
nerve, the macular fibers spread out rapidly toward
the nasal side of the nerve, distributed diffusely
throughout the nerve, and were found peripherally
as well as centrally. Before reaching the middle third
of the nerve, some macular fibers had already
migrated nasally. Unlike the peripheral axons, which
are closely packed and run directly posteriorly, the
macular fibers constantly wandered throughout the
nerve and seemed to be crossing through the bundles
of the optic nerve. This resulted in widespread
mixing of these fibers throughout the area, except in
the most distal part of the nerve. But, according to
others, they lie in the central part of the optic nerve
posteriorly [53].
4.	Lesions in the Region between the Fovea and the
Optic Disc
The nerve fibers from this area are limited to an area
of the optic nerve on the horizontal meridian temporal
to the central retinal vessels, and the nerve fibers are of
moderately large size.
5.	Lesions in the Region of the Arcuate Nerve
Fibers
In this study the lesions were placed in the retina temporal to the optic disc in the region occupied by the
arcuate nerve fiber bundles. The result was well demarcated sector shaped areas of degeneration in the optic
nerve just behind the lamina cribrosa, in the temporal
half of the optic nerve. The apices of the sectors in the
anterior part of the optic nerve extended to the central
core of the nerve adjacent to the central retinal vessels.
In the middle and posterior parts of the nerve the
apices of the sectors were blunted and compressed
toward the outer portion of the nerve.
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A study by Hoyt and Kommerell [52] in patients
with homonymous hemianopia showed that near the
vertical poles of the optic disc, the retina has far more
nerve fibers coming from the temporal peripheral retina
than from the nasal proximal retina. This may be due to
the fact that the fibers from the nasal retina have widespread access to the nasal part of the optic disc, but the
fibers arising from the temporal peripheral retina have
no similar access to the lateral aspects of the optic disc,
which is already occupied by the macular fibers, so that
the temporal peripheral fibers have to crowd near the
poles to enter the optic nerve head (Fig. 2.49).
The information provided by these studies has tremendous practical implications. Lesions in different
parts of the optic nerve are likely to produce very
different types of visual field defects. This topographic
localization of the optic nerve fibers may help in a
better understanding of the visual field defects in various types of ischemic optic neuropathy.
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Since ischemic optic neuropathies are vascular in
origin, it is of paramount importance to have an indepth understanding of the circulation of the optic
nerve, to understand their pathogenesis and management. This is particularly necessary due to the highly
complex nature of the in vivo circulation of the optic
nerve head (ONH), which plays a decisive role in the
development of anterior ischemic optic neuropathy
(AION). It is the lack of this information which is
responsible for the current controversy and confusion
on various aspects of ischemic optic neuropathies.
Historically, it is interesting to note that François
and Neetens in 1954 [1] characterized the subject of the
blood supply of the ONH as of “only moderate interest
to research workers”. However, at that time “ischemic
optic neuropathy” as a distinct clinical entity was
unknown. As our knowledge of the vital importance of
the ONH circulation has increased, it has transformed

Fig. 3.1 Central artery of the
optic nerve, described by
Francois and Neetens [1].
CAON Central artery of the
optic nerve, CRA Central
retinal artery (Modified from
Fig. 3.9 by Francois and
Neetens [1])

into a topic of great interest for researchers working in
both basic and clinical fields, and an enormous amount
of literature has accumulated, generating light on some
aspects and a great deal of heat on others.
I developed an interest in the field of optic nerve
circulation in 1955, prompted by the two papers published at that time by François and colleagues [1, 2],
claiming the discovery of a “central artery of the optic
nerve” in man, which (according to them) supplied the
ONH (Fig. 3.1). Since then, I have investigated the
blood supply and circulation of the optic nerve using a
variety of techniques, including:
1. Anatomical Studies
In these studies the vascular pattern was studied
after postmortem intra-arterial injection of liquid
neoprene latex in 100 human and 8 rhesus monkey
specimens [3–8].
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2. Histological Studies
Serial sections (with and without reconstructions) of
the anterior part of the optic nerve were studied in 12
human and 8 rhesus monkeys [3–8].
3. Experimental Studies
In over 400 rhesus monkey eyes, I studied the subject
using fluorescein fundus angiography following (1)
experimental occlusion of main/short/long posterior
ciliary arteries (PCAs), vortex veins or central retinal
vessels, (2) after raising intraocular pressure or altering perfusion pressure, (3) after production of malignant arterial hypertension, and (4) after other relevant
studies [3–40].
4. Clinical Studies
Since 1964, when fluorescein fundus angiography was
first used, I have studied the ONH circulation in a large
population of normal persons, in over 1,000 patients
with AION [12, 13, 18–21], in over 200 patients with
glaucomatous optic neuropathy [9, 24, 25, 41], and in
many other ONH and ocular disorders.
The pattern of blood supply of the optic nerve
I describe below is based on the cumulative results of
my multifaceted studies, each of which has provided
information on different aspects of the blood supply,
and has been confirmed by many other studies on the
subject.
Based on the blood supply of the optic nerve, for
descriptive purposes, the entire length of the optic
nerve can be divided into the following parts:
A. Optic nerve head.
B. Intraorbital part.
C. Intracanalicular part.
D. Intracranial part.
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the chapter dealing with the structure of the optic nerve
(see Chap. 2). Following are the blood supply patterns
for the four parts.
1. The Surface Nerve Fiber Layer
This most anterior part of the ONH (surface of the
optic disc) is typically supplied by the retinal arterioles (Figs. 3.2 and 3.3). In some cases, however, its
temporal region may instead be supplied by the posterior ciliary artery (PCA) circulation from the deeper
prelaminar region. The cilioretinal artery (rarely a
tiny cilio-papillary artery), when present, usually supplies the corresponding sector of the surface layer
(Figs. 3.3–3.5).
2. The Prelaminar Region
This region lies between the surface nerve fiber layer and
the lamina cribrosa (Figs. 3.2 and 3.3). It is supplied by
the fine centripetal branches from the peripapillary
choroid, which gives out branches to the corresponding
part of the prelaminar region, as shown by a large number of fluorescein angiographic (Figs. 3.6–3.11) and
morphological studies, the former providing the most
convincing information [9–13, 17–21, 25–28, 32, 42–62].
However, a few papers based purely on postmortem
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Blood Supply of the Optic Nerve Head
This is an extremely important, complex and controversial subject, and a comprehensive understanding of
it is crucial to a good grasp of the pathogenesis of
AION.
Based on the blood supply, the ONH consists of the
following 4 regions from anterior to posterior aspects:
(1) the surface nerve fiber layer, (2) prelaminar region,
(3) lamina cribrosa region and (4) retrolaminar region.
This classification is different from that described in

Branch,
CRA
PCA

P

ON

Fig. 3.2 Schematic representation of blood supply of the optic
nerve head. C choroid, CRA central retinal artery, LC lamina
cribrosa, NFL surface nerve fiber layer of the disc, ON optic
nerve, P pia, PCA posterior ciliary artery, PLR prelaminar
region, R retina, RA retinal arteriole, S sclera, (Reproduced from
Hayreh [44])
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Fig. 3.3 Schematic representation of blood supply of the optic
nerve. A arachnoid, C choroid, CRA central retinal artery, Col.
Br. Collateral branches, CRV central retinal vein, CZ circle of
Zinn and Haller, D dura, LC lamina cribrosa, OD optic disc,

a

CRA

CRV

ON optic nerve, PCA posterior ciliary artery, PR prelaminar
region, R retina, S sclera, SAS subarachnoid space (Modified
from Hayreh [145])
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Fig. 3.4 Fluorescein fundus angiograms of a rhesus monkey
eye after experimental occlusion of the lateral PCA. (a) During
the early retinal arterial phase: There is no filling of the temporal half of the choroid and optic disc, but normal filling of the
medial PCA, central retinal artery and nasal part of prelaminar
region; also the superficial retinal capillaries fill in the inferior
temporal part of the optic disc. Note: vessels in the nasal part
of the prelaminar region fill from the adjacent peripapillary
choroid, and the dark nasal crescent corresponds to superficial

pigment at disc margin. (b) During the retinal arteriovenous
phase: The retinal capillary bed has filled completely except in
the area of supply by a cilioretinal artery which did not fill
because it was a branch of the lateral PCA. Note that the retinal
capillary filling has completely masked the underlying infor
mation about the optic disc and choroid, except in the area
where the retinal capillaries have not filled; that shows absence
of filling of the choroid and optic disc (Reproduced from
Hayreh [11])

morphological/histological studies have claimed that this
is not so [62–67]; this is because of limitations of those
methods to provide that information. The peripapillary
choriocapillaris (Figs. 3.12 and 3.13) and central retinal

artery play no role in its supply. My clinical and experimental fluorescein angiographic studies have shown a
sectoral blood supply in this region (Figs. 3.7–3.10, also see
many more angiograms below in the description dealing
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Fig. 3.5 Fluorescein fundus angiogram of right eye with old
central retinal artery occlusion but patent cilioretinal arteries.
Note filling of the choroid on the temporal and nasal sides, with
watershed zone (arrow) between them still not filled. There are
two cilioretinal arteries on the temporal side and the upper
cilioretinal artery feeds the capillaries in the surface nerve fiber
layer (Reproduced from Hayreh [17])

Peri-papillary
choroid

Blood Supply of the Optic Nerve

Fig. 3.7 Fluorescein angiogram in a rhesus monkey during the
preretinal-arterial phase, showing early filling of the peripapillary
choroid and its radial branches to the prelaminar region of the
optic nerve head. Note inferior temporal peripapillary choroid and
corresponding part of the prelaminar region show no filling as yet

Choroidal
vessels

Pre-laminar
region of O.D.

Fig. 3.6 Schematic representation of the choroidal and peripapillary arteries and their centripetal contribution to the prelaminar
region of the optic nerve head. O.D. Optic disc (Reproduced
from Hayreh [9])

Fig. 3.8 Fluorescein angiogram in a rhesus monkey during the
preretinal-arterial phase, showing early filling of the peripapillary
choroid and radiating branches from it to the prelaminar region of
the optic nerve head. Note the presence of watershed zone (arrow)
with no filling of the peripapillary choroid as well as that part of
the prelaminar region (Reproduced from Hayreh [9])
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Fig. 3.9 Fluorescein angiogram in a monkey during the
preretinal-arterial phase, showing early filling of the temporal
half of the choroid and peripapillary choroid and the corres
ponding temporal part of the prelaminar region of the optic
nerve head. Note the presence of watershed zone (arrow) with
no filling of the peripapillary choroid as well as in that part of the
prelaminar region (Reproduced from Hayreh [10])

with the watershed zone and posterior ciliary arteries),
which agrees with the overall segmental distribution of
the posterior ciliary artery (PCA) circulation [17] as
well as the segmental nature of visual loss in ONH ischemic disorders, e.g., AION. Many experimental and
clinical studies have demonstrated selective filling delay
or non-filling of the peripapillary choroid in AION (see
angiograms in the description of the watershed zone and
PCAs), glaucomatous optic neuropathy and ocular
hypertension [9, 10, 12, 13, 18, 20, 22, 26, 27, 38, 39,
41, 43, 48, 58, 68–79].
3. Lamina Cribrosa Region
This part of the ONH is entirely supplied by centripetal
branches from the short PCAs, either directly or from
the circle of Haller and Zinn formed by the short PCAs
(Figs. 3.2, 3.3, 3.14 and 3.15), when that is present.
Ducournau [80] designated these short PCAs as
“paraoptic short PCAs” and reported branches from
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Fig. 3.10 Fluorescein fundus angiogram of right human eye.
Note complete filling of the choroid on the temporal and nasal
sides, with watershed zone between them still not filled (arrow).
Nasal peripapillary choroid filled fully along with the corresponding prelaminar region and only very early filling of the
prelaminar region in the inferior-temporal region (Reproduced
from Hayreh [20])

Fig. 3.11 Fluorescein fundus angiogram of right eye of a patient
with retinitis pigmentosa shows filling of the peripapillary choroid and the prelaminar region of the optic nerve head but no
filling of the retinal vessels at this stage (Reproduced from
Hayreh [9])
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Fig. 3.14 A neoprene latex cast of Circle of Haller and Zinn
(CZ), exposed in the sclera around the ONH, with its feeding
arteries, i.e. medial and lateral PCAs. Optic nerve (ON) had
been cut close to the eyeball (Reproduced from Hayreh [7])
Fig. 3.12 Fluorescein angiogram in a monkey during the
preretinal-arterial phase, showing early filling of the peripapillary choriocapillaris without any filling of the optic nerve head
vessels

Fig. 3.13 Fluorescein angiogram in a monkey during the very
early arterial phase, showing complete filling of the peripapillary
choriocapillaris without any filling of the optic nerve head vessels

them to the peripapillary choroid, the circle of Haller
and Zinn and recurrent branches to the pial vascular
plexus on the retrolaminar part. The central retinal
artery gives no branches in this region [1–3, 5–8, 61,
62, 81, 82]; Wolff [83] and Lieberman et al. [64], however, are the only authors who have claimed to have
traced a capillary branch (10–20 mm in diameter) in
this region from the central retinal artery in three eyes
on histological studies. The blood vessels in the lamina
cribrosa lie in the fibrous septa and form a dense capillary plexus which makes this part of the ONH a highly
vascular structure [46].
4. Retrolaminar Region
This part of the ONH lies immediately behind the lamina cribrosa. It may have a dual source of blood supply
(Figs. 3.2 and 3.3).
(i) Peripheral Centripetal Vascular Supply
This is always present and is formed by the pial
vascular plexus (Figs. 3.2, 3.3 and 3.15–3.17). The
major sources of supply to the latter are the recurrent
pial branches arising from the circle of Haller and
Zinn or the short PCAs in that area, and the peripapillary choroid (Figs. 3.14–3.18); the recurrent branches
run backward in the pia of the retrolaminar region.
In addition to those, pial branches from the central
retinal artery and other orbital arteries may also contribute [3, 5, 7] (Figs. 3.3 and 3.15–3.17).

Blood Supply of the Optic Nerve Head

ra

le
Sc

MPCA
Col. Br.
Med. Mus.

41

Rec.Br.CZ
CZ

LPCA

Col. Br.
CAR
OA

Col. Br.

Col. Br.

Optic Canal
Col. Br.

Optic Nerve

Ant.Sup.Hyp.
Art.

ICA

Optic Chiasma
Optic Tract

Fig. 3.15 Diagrammatic representation of blood supply of the
various parts of the optic nerve, and location of the Circle of Haller
and Zinn (CZ), as seen from above. CAR central retinal artery,
Col. Br. Collateral branches, CZ circle of Zinn and Haller, ICA
internal carotid artery, LPCA lateral posterior ciliary artery, Med.
Mus. medial muscular artery, MPCA medial posterior ciliary
artery, OA ophthalmic artery, Rec. Br. CZ recurrent pial branches
from peripapillary choroid/CZ, (Reproduced from Hayreh [6])

(ii) Axial Centrifugal Vascular Supply
This is present in 75% of the cases. This is constituted
by branches (from 1 to 8) from the central retinal
artery, during its course in the center of the optic nerve
[3, 5, 7] (Fig. 3.3). Thus, the axial centrifugal vascular
supply is not as constant and extensive as the peripheral centripetal vascular supply.
The centripetal pial vessels as well as the centrifugal vessels (when present) run in the septa of the nerve
(Fig. 3.19), so that the optic nerve septa are in fact
fibrovascular in nature.

Fig. 3.16 Shows branches arising from the intravaginal part of
the central retinal artery (C.A.R.) and anastomoses established
by them, as seen from below after removing the dural sheath.
There are anastomoses with the pial collateral branches from the
ophthalmic artery (Col. br. of O.A.) and with recurrent pial
branches of the circle of Haller and Zinn (CZ). Branches of the
central retinal artery are slightly retouched to show them clearly
(Reproduced from Singh and Dass [5])

“Central artery of the optic nerve”: Francois et al.
[1, 2, 63, 84] claimed to have discovered this artery
(Fig. 3.1). According to them, it supplied the ONH.
However, in my study of 100 human eyes, this artery
was never found; nor was it ever found by any other
investigators.
From this description of the blood supply of the
ONH, it is evident that PCAs, via either the peripapillary choroid or branches of the short PCAs (or the
circle of Haller and Zinn when present), are the only
source of blood to the lamina cribrosa and prelaminar region, and the main (if not the only) source to
the retrolaminar region; in some cases they may supply the temporal part of the surface nerve fiber layer
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Fig. 3.17 This shows intravaginal course of central artery
of the retinal (CAR) and multiple pial branches arising from
this part with their anastomoses with recurrent pial branches
of the circle of Haller and Zinn (Rec. br. of CZ) anteriorly,
as seen from below on removal of the dural sheath.
MPCA Medial posterior ciliary artery, OA Ophthalmic
artery, ON Optic nerve, PPS Point of penetration of the
sheath by the central retinal artery (Reproduced from Singh
and Dass [5])

(Figs. 3.2–3.4 and 3.19, also see many more angiograms below in the description of the watershed zone
and PCAs). This fact is of tremendous significance in
any consideration of ischemic disorders of the ONH.

Posterior Ciliary Arteries
Since the PCA circulation is the main source of
blood supply to the ONH, a detailed description of
the PCAs and their distribution is highly relevant to
an understanding of ONH ischemic disorders and

Fig. 3.18 A longitudinal section of the anterior segment of the
intraorbital part of the optic nerve and the adjoining part of the
eyeball, showing fine angioarchitecture. A recurrent pial branch
(*) from the choroidal (C) vessels is seen running backwards in
the pia

the controversy surrounding their pathogeneses.
There is much misunderstanding among ophthalmologists on the anatomical description and
distribution of the various types of PCAs. For a
proper understanding of the subject, it is essential
to clarify their nomenclature, origin, number and
distribution.

Posterior Ciliary Arteries
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Fig. 3.19 Transverse section
of the lamina cribrosa region
of the optic nerve head
showing the arrangement of
the septa which are fibrovascular in nature (Reproduced
from Hayreh [146])

Terminology of PCAs and its Implications
Most investigators have used the term “PCA” loosely
and as a generic term, covering all types of PCAs and
their branches. This is misleading. The main PCAs arise
from the ophthalmic artery [85–88] (Figs. 3.15 and
3.20–3.22). In my series of 59 orbits studied following
postmortem intra-arterial injection of neoprene latex, the
ophthalmic artery was found to give out 1–5 PCAs (1 in
3%, 2 in 48%, 3 in 39%, 4 in 8% and 5 in 2%) [85–88].
Usually there are 2 or 3 PCAs that supply an eye
(Figs. 3.21 and 3.22). Ducournau [80], in his series of 24
eyes, found 2–5 PCAs per eye (2 in 25%, 3 in 50%, 4 in
17% and 5 in 8%). I designated the PCAs as medial (1 in
71% and 2 in 29%), lateral (1 in 75%, 2 in 20%, 3 in 2%
and absent in 3%), and superior (small and inconstant – 1
in 7% and 2 in 2%), depending upon their site of entry into
the sclera in relation to the optic nerve [3, 4, 85].
The PCAs, during their intraorbital course and at variable distances from the eyeball, start to divide into multiple
branches before entering the eyeball (Figs. 3.20–3.22) and
are named as follows:
a.	Long PCAs: There are two long PCAs – one on the
medial and the other on the lateral side (Fig. 3.23).
They mainly supply a segment of the iris, ciliary
body and peripheral choroid on the medial and
lateral sides respectively, and play no role in the
ONH blood supply [16].

Fig. 3.20 Origin and intraorbital course of central retinal artery
as seen from below. Abbreviations: CAR Central artery of the
retina, LPCA Lateral posterior ciliary artery, OA Ophthalmic
artery, PPS Point of penetration of the sheath by the central retinal artery
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Available evidence suggests that the ONH is mostly
supplied by the paraoptic short PCAs.
(ii)	Distal SPCAs: The majority of the short PCAs belong to this group, and enter the eyeball midway
between the paraoptic SPCAs and long PCAs
(Fig. 3.22). They mainly supply the choroid.

In Vivo Supply by the PCAs

Fig. 3.21 Origin and intraorbital course of central retinal artery
as seen from below. Abbreviations: CAR Central artery of the
retina, LPCA Lateral posterior ciliary artery, MPCA Medial posterior ciliary artery, OA Ophthalmic artery, ON Optic nerve PPS
Point of penetration of the sheath by the central retinal artery

b.	Short PCAs (SPCAs): There may be any number
up to 20 or so of these (Fig. 3.22). They are further
subdivided into two subgroups [80, 86, 87].
(i)	Paraoptic SPCAs: These are a few SPCAs which enter the eyeball closest to the optic nerve (Fig. 3.22).
a

Knowledge of the vascular pattern and supply of the PCAs
and their branches was originally drawn entirely from
postmortem cast studies, since the first description by
Frederick Ruysch [89] in 1737 A.D. All the postmortem
cast studies appeared to show that: (1) PCAs have no segmental distribution, (2) they anastomose freely with one
another as well as with the anterior ciliary arteries, (3)
there are inter-arterial and arteriovenous anastomoses in
the choroid, and (4) choriocapillaris form a freely communicating and uninterrupted vascular bed in the entire
choroid [60, 90]. However, clinically, inflammatory, ischemic, metastatic and degenerative choroidal lesions are
usually localized. This puzzling discrepancy was well
summarized by Duke-Elder and Wybar in 1961 [91] when
they stated: “The tendency for inflammatory and degenerative diseases of the choroid to show a considerable
degree of selective localization, despite the fact that anatomically the vessels would appear to form a continuous
network, has given rise to speculations regarding the
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Fig. 3.22 Diagrammatic representation of actual branching pattern of medial (MPCA) and lateral (LPCA) PCAs in two eyes (a, b)
and in (c) of the various long and short PCAs as seen on the back of the eyeball (Reproduced from Hayreh [147])
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Fig. 3.23 Fluorescein fundus angiogram of a normal human
eye, showing the sites of entry of the temporal short PCAs
and their course in the choroid. Arrow marks the center
of the macular region. Note that no artery lies in the center of
the macular region (Reproduced by the kind courtesy of
Dr. P. Amalric [148])

a natomical isolation of specific choroidal areas.” To investigate this discrepancy, I started to research the subject
in vivo experimentally as well as clinically in 1967. These
in vivo studies on the distribution of PCA and its subdivisions [14–17, 23, 28, 92] discussed below contradicted the
centuries-old belief (all based on postmortem morphological studies) that the entire choroid is one continuous vascular bed, with extensive anastomoses between the various
branches of all the PCAs in the choroid, with no evidence
of segmental distribution [88]. In sharp contrast to that, my
in vivo experimental [10, 11, 14–16, 28, 32, 43] and clinical [11–13, 17–20, 22, 23, 88, 92] studies showed that
PCAs have a segmental distribution in vivo, in the choroid
as well as in the ONH. This segmental distribution pattern
exists right down to the terminal arterioles and choriocapillaris. These studies clearly demonstrated that in vivo the
PCAs are end-arteries. That information is of crucial
importance in understanding the vascular disorders involving both the choroid and the ONH.
The impressive and fascinating scanning microscopic
pictures of casts published over recent years are also,
unfortunately, equally misleading in spite of their
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Fig. 3.24 Fluorescein fundus angiogram of an eye with
arteritic AION, showing the sites of entry of the nasal short
PCAs and their course in the choroid. Note no filling of the
lateral PCA

spectacular appearance. The reason for this discrepancy
is that in the postmortem studies, when the cast material
is injected under pressure, the vessels fill from all
sources, irrespective of the normal blood flow pattern,
and therefore give information about the morphological
conduits only, while the in vivo studies with fluorescein
angiography reveal the actual pattern of the blood flow
in those channels. It is also possible that in the living eye
the neural supply to the potential anastomotic channels
seen on postmortem injection studies may influence the
pattern of blood flow; however, as yet, we have no definite explanation for this very important disparity. In any
case, what matters clinically in understanding different
vascular disorders is the in vivo circulatory pattern.

In Vivo Segmental Supply by the PCAs
Fluorescein fundus angiograms shown in (Figs. 3.27–
3.59) demonstrate the variable number of PCAs supplying an eye and marked regional variation in the
choroid and the ONH supplied by different PCAs.
The PCAs radiate out from their site of entry into the
eyeball (Figs. 3.23–3.25). There may be one PCA
(Fig. 3.26), two PCAs (Figs. 3.27–3.42) three PCAs
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Fig. 3.25 Fluorescein fundus angiogram of an eye with arteritic
AION, showing the sites of entry of two superior short PCAs
and their course in the choroid but not of any other PCA
Fig. 3.27 Fluorescein fundus angiogram of right eye with
embolic NA-arteritic AION and carotid artery disease (negative
temporal artery biopsy for giant cell arteritis), showing normal
filling of the area supplied by the lateral PCA (including the
temporal half of optic disc), but no filling of the area supplied by
the medial PCA (including the nasal half of optic disc)
(Reproduced from Hayreh [20])

Fig. 3.26 Fluorescein fundus angiogram of an eye with arteritic
AION during the retinal arterial phase showing no filling of the
choroid and the optic nerve head (Reproduced from Hayreh [13])

(Figs. 3.43–3.45, 3.48, 3.49, 3.51–3.53 and 3.57) or
four PCAs (Figs. 3.47 and 3.50) in an eye. More
importantly, these angiograms show that there is a
strict segmental distribution by the PCAs in vivo, in
the choroid as well as in the ONH. This segmental
distribution pattern also exists in branches of the
PCAs right down to the terminal arterioles and choriocapillaris. Thus, in vivo experimental [10, 17, 28, 92]
and clinical [12, 13, 18–20, 22, 39] studies have

Fig. 3.28 Fluorescein fundus angiogram of right eye with arteritic AION showing normal filling of the area supplied by the
lateral PCA but no filling of the area supplied by the medial PCA
including the entire optic disc and temporal peripapillary choroid. There was occlusion of a tiny cilioretinal artery (arrow) during the initial stages (Reproduced from Hayreh [149])

Posterior Ciliary Arteries

Fig. 3.29 Fluorescein fundus angiogram of right eye with arteritic AION, showing normal filling of the area supplied by the
lateral PCA, but no filling of the area supplied by the medial
PCA including the entire optic disc and temporal peripapillary
choroid
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Fig. 3.31 Fluorescein fundus angiogram of left eye with arteritic AION and associated cilioretinal artery occlusion, showing
normal filling of the central retinal artery and the area supplied
by the lateral PCA temporal to the fovea only, but no filling of
the choroid supplied by the medial PCA up to the fovea and the
entire optic disc and the area supplied by the cilioretinal artery
(arrow) (Reproduced from Hayreh [19])

Fig. 3.30 Fluorescein fundus angiogram of right eye with arteritic AION, showing normal filling of the area supplied by the
lateral PCA and a segment of the superior temporal peripapillary
choroid and adjacent optic disc, but no filling of the area supplied by the medial PCA including the most of the optic disc and
temporal peripapillary choroid

Fig. 3.32 Fluorescein fundus angiogram of right eye with arteritic AION, showing normal filling of the area supplied by the
lateral PCA (including the temporal ¼ of the optic disc) but no
filling of the area supplied by the medial PCA (including the
nasal ¾ of the disc) (Reproduced from Hayreh [19])

demonstrated that the PCAs and their branches
have a segmental distribution. This has the following
important implications for the evaluation of circulation in the ONH:

a.	Interindividual Variation in Area of Supply in the
ONH by the Various PCAs
Fluorescein fundus angiography provides the necessary information about this. Figures 3.26–3.61 show
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Fig. 3.33 Fluorescein fundus angiogram of right eye with
embolic non-arteritic AION in a diabetic, showing normal filling
of the area supplied by the medial PCA (including the nasal half
of disc), but no filling of the area supplied by the lateral PCA
including the temporal half of the optic disc

Fig. 3.34 Fluorescein fundus angiogram of left eye with arteritic AION, shows normal filling of the area supplied by the
medial PCA, including the nasal half of disc, but no filling of the
area supplied by the lateral PCA, including the temporal half of
disc (Reproduced from Hayreh [12])

the various types of supply in the ONH by the various
PCAs. The lateral and medial PCAs supply the corresponding parts of the choroid and ONH (Figs. 3.9,
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Fig. 3.35 Fluorescein fundus angiogram of right eye with
embolic non-arteritic AION (temporal artery biopsy negative for
giant cell arteritis on both sides), shows normal filling of the area
supplied by the medial PCA in the choroid and optic disc but no
filling of the area supplied by the lateral PCA (including a small
sector of the papillomacular bundle in the disc) (Reproduced
from Hayreh [20])

Fig. 3.36 Fluorescein fundus angiogram, of right eye with
arteritic AION, shows normal filling of the area supplied by the
medial PCA in the choroid and optic disc but no filling of the
area supplied by the lateral PCA (including a small superior
temporal sector of the optic disc)

3.10, 3.27–3.41, 3.46 and 3.60). This shows that there
is a marked interindividual variation in the area supplied by the various PCAs in man, both in the choroid
and in the ONH [12, 19, 20, 22, 23, 39, 92]. The
medial PCA may supply the entire nasal choroid up to

Posterior Ciliary Arteries

Fig. 3.37 Fluorescein fundus angiogram, of right eye with
arteritic AION, shows normal filling of the area supplied by the
medial PCA in the choroid up to the fovea, including the entire
optic disc and temporal peripapillary choroid, but no filling of
the area supplied by the lateral PCA from fovea temporally
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Fig. 3.39 Fluorescein fundus angiogram of right eye with nonarteritic AION showing non-filling of the choroidal watershed
zone (arrows) between the lateral and medial PCAs and of the
temporal part of optic disc (Reproduced from Hayreh [20])

Fig. 3.40 Fluorescein fundus angiogram of left eye with arteritic AION with the optic disc lying in the center of the watershed
zone (arrows), during the late retinal arteriovenous phase
(Reproduced from Hayreh [20])

Fig. 3.38 Fluorescein fundus angiogram of right eye with mild
arteritic AION, shows non-filling of the watershed zone (indicated by arrows) between lateral and medial PCAs (Reproduced
from Hayreh [23])

the level of the fovea, including the entire ONH
(Figs. 3.31 and 3.37), or its supply may stop short
nasal to the nasal peripapillary choroid (Fig. 3.41), so
that it may take no part at all in the blood supply of the
ONH; or there may be any number of variations
between these two extremes (Figs. 3.27–3.41). The
lateral PCA supplies the area of the choroid and ONH
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Fig. 3.41 Fluorescein fundus angiogram, of left eye with nonarteritic AION, shows non-filling of the watershed zone (indicated by arrows) between the lateral and medial PCAs passing
through the nasal part of the disc and adjacent nasal peripapillary choroid (Reproduced from Hayreh [20])
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Fig. 3.43 Fluorescein fundus angiogram of left eye with arteritic
AION, shows normal filling of the choroid supplied by the
lateral PCA (including superior and temporal parts of the optic
disc) but no filling of the inferior nasal area of the choroid
supplied by the medial PCA (including the inferior nasal part of
the disc) (Reproduced from Hayreh [113])

Fig. 3.42 Fluorescein fundus angiograms of a normal right eye
of a healthy cynomolgus monkey (after experimental occlusion
of the central retinal artery to unmask vessels from the PCAcirculation in the prelaminar region of the optic disc). It shows
filling of upper half of the choroid and optic disc with a welldemarcated horizontal border (Reproduced from Hayreh [10])

Fig. 3.44 Fluorescein fundus angiogram of a normal human
right eye, showing superior sectoral filling of the choroid and
adjacent prelaminar region of the optic nerve head, and a Y-shaped
watershed zone (indicated by arrows) between the superior,
lateral and medial PCAs (Reproduced from Hayreh [12])

not supplied by the medial PCA or vice versa. When
there is more than one medial or lateral PCA, the area
supplied by each of them may be highly variable
(Figs. 3.43–3.51 and 3.61). When a superior PCA is

present, it accordingly may supply a superior sector
(Figs. 3.42, 3.44, 3.46 and 3.47). Therefore, these
examples show a high interindividual variation in
number and distribution by the various PCAs. This
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Fig. 3.45 Fluorescein fundus angiogram of right eye with nonarteritic AION, shows a markedly delayed filling of a Y-shaped
watershed zone (indicated by arrows) between superior, medial
and lateral PCAs (Reproduced from Hayreh [20])
Fig. 3.47 Fluorescein fundus angiogram of a normal right eye
of a healthy cynomolgus monkey (after experimental occlusion
of the central retinal artery to unmask PCA supply) with four
PCAs (similar to Fig. 3.60e). It shows filling of the PCA supplying the choroid in the superior nasal quadrant only. The marked
fluorescence of the optic disc was due to this being the second
injection of fluorescein (Reproduced from Hayreh [10])

Fig. 3.46 Fluorescein fundus angiogram of right eye shows
filling mainly of the superior nasal quadrant of the choroid and
adjacent optic disc and watershed zone (big arrow). Note early
filling of a small cilioretinal artery temporally and that part of the
optic disc shows filling by the cilioretinal artery (small arrow)

shows that the pattern of distribution by the PCAs in
the choroid and ONH is extremely variable – the
most important fact to be borne in mind in any consideration of ischemic disorders of the ONH. The

common practice of measuring the blood flow in a
PCA may be irrelevant to the rest of the ONH, if that
PCA does not supply the ONH or supplies only a
small segment of it (see Chap. 7).
b. Segmental Supply in the Peripapillary Choroid
As discussed above, peripapillary choroid is an
important source of blood supply to the ONH.
Experimental [15, 18, 29] and clinical studies on
AION and other ischemic disorders of the ONH have
revealed that the peripapillary choroid has a segmental blood supply in vivo (Figs. 3.8–3.10, 3.27,
3.30, 3.32–3.36, 3.38, 3.39, 3.41–3.46, 3.48, 3.51–
3.55 and 3.57–3.59). This is responsible for the segmental pattern of blood supply in the ONH, and
consequently for the well-known sectoral nature of
ischemic lesions seen in AION and other ischemic
disorders of the ONH. Thus, this segmental blood
supply in the peripapillary choroid plays an important role in the ONH ischemic disorders [9, 10, 18,
20, 68, 92].
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Fig. 3.48 Fluorescein fundus angiogram of left eye with
normal-tension glaucoma during the early retinal arterial phase,
showing delayed filling of the inferior temporal PCA, particularly in the peripapillary region. Note filling of the prelaminar
region in the nasal part where peripapillary choroid is also filled.
Arrows shows the watershed zone
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Fig. 3.50 Fluorescein fundus angiogram of right eye with arteritic AION with 4 PCAs (1, 2, 3, 4), showing no filling of the
inferior nasal PCA (number 3), the entire peripapillary choroid,
and watershed zones (arrows), during the late retinal venous
phase of angiogram

a

Fig. 3.49 Fluorescein fundus angiograms of left eye with arteritic AION, showing no filling of the inferior temporal PCA

Fig. 3.51 Fluorescein fundus angiograms, of right eye with lowtension glaucoma and cupping of the lower half of the optic disc
with corresponding visual field defect. (a) shows a filling defect
in the inferior temporal quadrant of the choroid and lower half of
the optic disc. (b) Angiogram 5 s after (a) shows non-filling of
lower half of the watershed zone (arrow) and the involved lower
half of the optic disc (Reproduced from Hayreh [20])

Posterior Ciliary Arteries
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b

Fig. 3.51 (continued)

Fig. 3.52 Fluorescein fundus angiogram of right eye with
non-arteritic AION showing non-filling of temporal part of
the peripapillary choroid and adjacent optic disc and of upper
half of the choroidal watershed zone (arrow) (Reproduced from
Hayreh [20])

Fig. 3.53 Fluorescein fundus angiogram of right eye with
normal tension glaucoma. It shows no filling of the lower part
of the optic disc and adjacent peripapillary choroid and patchy
filling of the watershed zones (arrows) (Reproduced from
Hayreh [20])

Fig. 3.54 Fluorescein fundus angiogram of right eye with nonarteritic AION, showing non-filling of the peripapillary choroid,
upper half of the watershed zone (arrow) and most of the optic
disc (Reproduced from Hayreh [20])

54

Fig. 3.55 Fluorescein fundus angiogram of right eye with arteritic AION shows a non-filling of the upper half of the optic disc
and upper half of the watershed zone (arrow) (Reproduced from
Hayreh [13])

Fig. 3.56 Fluorescein fundus angiogram of left eye shows a
non-filling of the upper half of the watershed zone (arrow) and
temporal peripapillary choroid in a person with carotid artery
disease
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Fig. 3.57 Fluorescein fundus angiogram of left eye with nonarteritic AION shows a large area of non-filling of the inferior
temporal peripapillary choroid and adjacent part of the optic
disc and lower half of the watershed zone (arrow) (Reproduced
from Hayreh [113])

Fig. 3.58 Fluorescein fundus angiogram of right eye of a patient
with non-arteritic AION and internal carotid artery occlusion. It
shows non-filling of lower half of the watershed zone (arrow)
and temporal part of the optic disc and adjacent peripapillary
choroid (Reproduced from Hayreh [20])

Watershed Zones Between the Various PCAs
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one or more of the end-arteries, the watershed zone,
being an area of comparatively poor vascularity, is
most vulnerable to ischemia. Watershed zones play an
important role in ischemic disorders of the ONH.
As discussed above, fluorescein fundus angiographic studies, both in health and disease, have clearly
shown that the PCAs and their subdivisions are endarteries in vivo, right down to the choroidal arterioles
[10, 12–20, 22, 28, 29, 32, 68, 92]. Thus, there are
watershed zones between the distribution of the various PCAs (Figs. 3.10, 3.38–3.41, 3.44, 3.45, 3.51b and
3.52–3.59). My studies have shown that the watershed
zones are arranged as follows.

L ocations of Watershed Zones Between
PCAs [17, 19, 20, 68, 92]
Fig. 3.59 Fluorescein fundus angiogram of right eye of a man
with non-arteritic AION in the left eye and multiple recurrent
episodes of transient visual loss in the right eye due to excessive
arterial hypotensive therapy for white-coat hypertension, showing non-filling of the inferior half of the watershed zone (arrow)

c.	PCA Watershed Zones Distribution and Their
Location
My fluorescein angiographic studies of distribution of
the PCAs in the choroid revealed that there are watershed
zones between the distribution of the various PCAs and
their branches [17, 20, 23]. Studies in eyes with AION
and glaucomatous optic neuropathy have indicated that
the location of the watershed zone determines the vulnerability of the corresponding part of the ONH to ischemia
[20, 23]. The importance of these watershed zones in the
ONH ischemic disorders is discussed below.

 atershed Zones Between
W
the Various PCAs
When a tissue is supplied by two or more end-arteries,
the border between the territories of distribution of any
two end-arteries is called a “watershed zone”. The
occurrence of such watershed zones between the various cerebral arteries is well-known, as is also the case
in some other organs having end-arterial systems. The
significance of the watershed zones is that in the event
of a fall in the perfusion pressure in the vascular bed of

The location of the watershed zones varies according
to the number of the PCAs and their locations.
When There Are Two (Medial and Lateral) PCAs
Since the area of the choroid supplied by the medial
and lateral PCAs shows a marked inter-individual variation (Figs. 3.10 and 3.27–3.41), this must result in a
wide variation in the location of the watershed zone
between the two. Figure 3.60 is a diagrammatic representation of some of the locations of the watershed
zone between the medial and lateral PCAs and shows
that the watershed zone may:
(a) be situated temporal to the peripapillary choroid
(Fig. 3.38),
(b)	pass through the temporal peripapillary choroid
(Fig. 3.10, 3.39),
(c)	pass through the medial peripapillary choroid
(Fig. 3.41),
(d)	pass through one or the other part of the optic disc,
or the entire optic disc may lie in the watershed
zone (Fig. 3.40), or
(e) various combinations of the above.
When There Are Three or More PCAs
When three or more PCAs supply an eye, the locations of the watershed zones vary accordingly, as
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shown diagrammatically in Fig. 3.61 and on fluorescein fundus angiography in Figs. 3.44, 3.45, 3.51b
and 3.57.

I mportance of Location of the Watershed Zone
in Ischemic Disorders of the Optic Nerve Head
The location of a watershed zone in relation to the
ONH is key to any discussion of ischemic disorders of
the ONH. As noted above, the watershed zone may
pass temporal or nasal to the ONH, or pass through
one or the other part of the ONH, or cover the entire
ONH. It may extend vertically along the entire length
(Figs. 3.10, 3.38–3.41 and 3.60), may be only in the
upper vertical half region (Figs. 3.52–3.56 and 3.61) or
only in the lower vertical half (Figs. 3.51b and 3.57–
3.61), or it may assume the shape of the letter “Y”
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(Figs. 3.44 and 3.45). In almost all of the patterns, the
watershed zone passes through the ONH [20, 68]; that
makes the watershed zones play a very important role
in ONH ischemic disorders, because the part of the
ONH that is located in the watershed zone is most vulnerable to ischemia, and the most vulnerable position
is when the entire ONH lies the center of a watershed
zone (Figs. 3.40 and 3.45). If one or more of the PCAs
in such circumstances has low perfusion pressure, the
eye will show a filling defect in the corresponding
watershed zone, which may extend vertically in the
entire length (when there are only two PCAs) or
obliquely oriented or involve only upper/lower half of
the watershed zone [20, 68].
Shimizu et al. [54] on fluorescein fundus angiography of 172 eyes found filling defects between medial
and lateral PCAs at the following 3 locations: (1)
Involving the entire optic disc and temporal and nasal

Fig. 3.60 Diagrammatic representation of some of the locations of the watershed zones (shaded area) between the medial and
lateral PCAs in human eyes (Reproduced from Hayreh [150])

Watershed Zones Between the Various PCAs
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Fig. 3.61 Diagrammatic representations of some examples of
the locations of the borders between the territories of the various
PCAs: (a) – with two PCAs: one medial and the other lateral;
(b–d) with three PCAs in different combinations: (b and c) have

one medial and two lateral PCAs, and (d) one lateral and two
medial; and (e) with four PCAs: two medial and two lateral
(Reproduced from Hayreh [151])

peripapillary regions in 20%, (2) involving the temporal part of the disc in 27%, and (3) randomly distributed non-fluorescent patches in a geographic pattern in
52%. They found no filling defect extending beyond
the temporal peripapillary region on to the foveal
region. The filling defects reported by them in location
(1) and (2) above corresponded to the watershed zones
in the choroidal vascular bed, although they did not
describe these filling defects as watershed zones.
Giuffre [93] reported the prevalence and position of
the choroidal watershed zones between the medial and
lateral PCAs on fluorescein angiography of 800 normal subjects. He could not outline the watershed zone
in 33% due to technical problems and in 22.3% due to
the simultaneous filling of the various PCAs. In the
remaining 44.6% (357 eyes) the watershed zone was
well outlined. He classified the watershed zone into 6
types, involving the following regions: Type 1 – nasal
half of the optic disc and a band of choroid nasal to the
disc (3.1%), Type 2a – optic disc and choroid nasal to
the disc (5.3%), Type 2b – optic disc and some part of

the choroid along nasal and temporal edges of the disc
(20.2%), Type 2c – optic disc and a band of choroid
temporal to the disc (21.3%), Type 3 – temporal half of
the disc and a band of choroid temporal to the disc
(45.4%), and Type 4 – between optic disc and fovea
(4.8%). These locations are similar to ones seen in my
fluorescein angiographic studies described above.
In my fluorescein angiographic studies in eyes with
primary open angle glaucoma and normal-tension
glaucoma, where I could outline the watershed zone, I
found the incidence of the various locations of the
watershed zones as shown in Fig. 3.62 [23, 68]. Sato
et al. [94], based on Indocyanine green angiography,
reported the location of watershed zones in 54 eyes (27
patients) with normal-tension glaucoma. In 8 eyes
(14.8%) of 7 patients the watershed zone did not
include the ONH, in 32 eyes of 20 patients (59.3%) the
watershed zone partially included the ONH, and in 10
eyes of 14 patients (18.5%) the watershed zone
included the ONH. Of the 27 normal-tension glaucoma
patients, 10 (37.0%) had different locations of
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Fig. 3.62 Diagrammatic
representation of some of the
locations of the watershed
zones (shaded area) between
the medial and lateral PCAs
seen in glaucomatous optic
neuropathy (Reproduced
from Hayreh [23])

16%

watershed zone in each eye. The mean deviation of
visual fields was greater in the eye with watershed
zone which included a larger part of the ONH than in
the contralateral eye. Conversely, the eye with the
greater mean deviation had a watershed zone that
included a larger part of the ONH. They concluded that
the location of the watershed zone appeared to influence the progress of visual field defect.
Ducournau [80] and Olver [95], based on their postmortem cast studies, have claimed that the choroidal
branches from the paraoptic short PCAs supply a vertical meridional region of the choroid. There is some
implication in this observation that the watershed zone
shown by various studies in fluorescein angiographic

10%

studies may simply represent the area of supply by the
paraoptic short PCA instead of being a true watershed
zone. My studies indicate that that is not the case at all,
as is evident from the following:
(a) I investigated the in vivo pattern of supply by the
various short PCAs in 47 rhesus monkey eyes by
cutting one of them in an eye and outlining the
immediate post-occlusion filling defect in the choroid by fluorescein angiography [15]. I found that in
rhesus monkeys, as in man, the short PCAs fall into
two subgroups at the site of entry into the sclera –
one entering close to the optic nerve (paraoptic
group) and the other entering between the paraoptic

Circle of Haller and Zinn

group and the long PCA (distal group). In 12 eyes I
cut a paraoptic short PCA and in 35 a distal short
PCA. On cutting the paraoptic short PCA, there was
usually a roughly triangular wedge-shaped choroidal
filling defect, with its apex towards the optic disc and
the base towards the equator of the eye; in 6 of the 12
eyes the filling defect involved the corresponding
segment of the peripapillary choroid, but not in the
rest. The size, shape and distribution pattern of
the filling defects bore no resemblance whatever to
the watershed zone. The choroidal filling defect seen
on cutting the distal short PCA was usually much
larger and of greatly varied shape, and it also included
the peripapillary choroid in 21 of the 35 eyes. The
overall distribution pattern of the paraoptic and distal
short PCAs had so many common features that I did
not feel it justified to divide the short PCAs into these
two subgroups from the functional or anatomical
point of view; it was more informative to divide them
into superior, middle and inferior groups, depending
upon the location at their site of entry into the eyeball
and the area supplied [15]. It has been shown that in
nonhuman primates there is no circle of Haller and
Zinn [8], as is also the case with many humans; in
such a situation, direct branches from the paraoptic
short PCAs to the ONH behave like those from the
circle of Haller and Zinn. My findings suggest that:
(1) every paraoptic artery does not supply the ONH;
(2) once they are in the choroid, they have wedgeshaped supply similar to that by the other short
PCAs; and (3) their choroidal distribution may not
necessarily correspond to that in the ONH.
(b) On routine fluorescein angiography in man, I have
found watershed zones much more common in
eyes with low perfusion pressure in the choroid,
AION and glaucomatous optic neuropathy than in
normal healthy individuals.
(c) I have seen horizontal watershed zones as well
(Figs. 3.44, 3.45, 3.53 and 3.61) [20, 23] which
cannot be explained by the paraoptic short PCA
supply pattern reported by the two authors and
seen in my studies.
From the above account it is clear that understanding the
blood supply of the ONH is central to a logical understanding of the mechanisms responsible for the various
ischemic disorders of the ONH. It is also evident that it
is only the PCA circulation in the ONH that is relevant
to the various ischemic disorders of the ONH.
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Circle of Haller and Zinn
Since Haller in 1754 [96] and Zinn in 1755 described
this arterial circle, situated in the peripapillary sclera
and formed by anastomoses between the PCAs
(Figs. 3.3 and 3.14–3.16), its existence has been often
reported [5, 7, 46, 57, 62, 65, 81, 82, 97–99]. However,
its prevalence, what it supplies and how often it is a
complete or incomplete circle have been controversial. More recently scanning electron microscopic
examination of plastic microvascular corrosion casts
of the human ONH vasculature has provided detailed
information on the circle of Haller and Zinn. Reports
of its prevalence in human eyes have varied; e.g. Olver
et al. [97] found it in more than 75% of 18 casts, Onda
et al. [62] in 61% of 18 eyes, and Gauntt et al. [99] in
83% of 29 eyes. It is generally agreed that the circle of
Haller and Zinn gives three sets of branches: to the
lamina cribrosa, to the peripapillary choroid and recurrent pial branches to the retrolaminar region
(Figs. 3.15–3.17) [62, 81, 82, 97, 100]. Olver et al.
[82, 97] described the circle of Haller and Zinn as a
microscopic, intrascleral, elliptical, microvascular
anastomosis formed by branches of the medial and
lateral paraoptic short PCAs; they preferred to call it
“perioptic nerve arteriolar anastomoses” [97].
According to them, the complete or incomplete ellipse
is divided into superior and inferior parts by the entry
points of these branches into the eye and shows morphological variations (interindividual as well as
interocular in the same person) in terms of its form,
position and branches [82]. Of the 18 casts of the circle of Haller and Zinn they examined, they found
complete anastomoses in 8 (44%), complete with narrowed sections in 6 (33%) and incomplete anastomoses in 4 (23%). The Circle was supplied by branches
of medial and lateral paraoptic short PCAs in 15
(83%), lateral paraoptic short PCAs in 2 (11%), and
medial, lateral and superior short PCAs in 1 (6%) [97].
They concluded that it lies in different planes anteroposteriorly (like a hammock) and has both extrascleral
and intrascleral portions. They found that branches
from the circle of Haller and Zinn also formed arteriolar-arteriolar anastomoses. Onda et al. [62] on
examination of 18 casts found that the circle is formed
by branches of the short PCAs; it was a complete (in
2 of 11 eyes) or a well-developed (9 of 11 eyes)
anastomotic arterial circle surrounding the ONH,
located approximately 200–300 mm posterior to the
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suprachoroidal space within the perineural sclera.
Gauntt et al. [99] on serial sectioning of 29 eyes found
the circle of Haller and Zinn incomplete in 3 and narrow in 8. They described two types of position of the
circle in the sclera around the optic nerve head – in
Type 1 it was located lateral to the site of attachment
of the dural sheath to the sclera (20 eyes – 69.0%), and
in Type 2 medial to the sheath (4 eyes – 13.8%); the
circle of Haller and Zinn was more medially located in
small optic discs. They postulated that a combination
of small disc, medial displacement of the circle, and
anatomical variation in the vascular pattern may predispose an ONH to ischemic events. Strek et al. [100]
found considerable variations in the position of the
circle in 15 human fetuses aged 16–20 weeks. Heimann
[101, 102] also described the beginning of the circle
formation in fetal studies.
Some authors claimed to have outlined the circle
of Haller and Zinn on fluorescein angiography [65,
103]. In my fluorescein angiographic studies, I have
found that various peripapillary choroidal arteries
usually join together to form a peripapillary choroidal
arterial arcade around the optic disc, situated in front
of the sclera, in the choroid and NOT in the sclera. It
can be easily seen when there is atrophy of the peripapillary retinal pigment epithelium. To visualize
blood vessels lying deep in the opaque scleral tissue
by fluorescein angiography does not seem feasible
[21, 98]. The same objection applies to claims of seeing the circle of Haller and Zinn on Indocyanine green
angiography in high myopia with peripapillary degeneration [104, 105]. Shimizu and Ujiie [59] in their
casts of the peripapillary choroid have very nicely
demonstrated the existence of the peripapillary choroidal arterial arcade. It seems claims of seeing the
circle of Haller and Zinn on fluorescein or indocyanine angiography arise from the authors’ confusing
the peripapillary choroidal arcade with the circle of
Haller and Zinn.

I nter-Individual Variation in the Blood
Supply of the Optic Nerve Head
There is a general impression that the pattern of blood
supply of the ONH is similar in all eyes, and therefore
all ischemic lesions of the ONH are explainable by one
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standard vascular pattern. My multifaceted studies on
the blood supply of the ONH have revealed that there
are tremendous inter-individual variations in the blood
supply pattern of the ONH [20, 86–88]. A number of
factors are responsible for that.
(1) As discussed above, there is marked interindividual variation in the number and pattern of supply
by the PCAs – the main source of blood supply to
the ONH. Therefore, the pattern of distribution
by the PCAs in the choroid and ONH is extremely
variable – a most important fact to be borne in
mind in any consideration of ischemic disorders of
the ONH.
(2) I studied the anatomical pattern in 100 human
specimens and no two specimens had identical
patterns, not even the two eyes of the same person
[3, 5].The anatomical studies revealed marked
interindividual variation in the sources of branches
which supply the ONH [6, 7]. The ONH, in addition to supply from the PCAs, may have in the retrolaminar region an infinitely variable amount of
supply from the central retinal artery [5] and pial
branches from sources other than PCA and central
retinal artery (Figs. 3.3 and 3.15–3.17).
This inter- and intra-individual variation has important implications both from the clinical aspect and in
explaining the disagreements on the subject. Clinically,
for example, it explains why occlusion of the same
PCA gives rise to widely varying patterns and manifestations of ischemic disorders of the ONH. Thus, it
is a mistake to attempt to explain various ONH ischemic disorders on one standard vascular pattern.

 ontroversies on the Blood Supply
C
of the Optic Nerve Head
The subject of the blood supply of the ONH has been
bedeviled by disagreements for four decades [1, 2,
62–67, 82, 84, 106]. That in turn has produced controversies not only on the pattern of blood supply of
the ONH but also on ONH ischemic disorders and
how they are to be understood. In view of this, it is
essential to distinguish myth from reality. Briefly,
following are the major reasons and areas of
controversy.

Controversies on the Blood Supply of the Optic Nerve Head

Reasons for the Controversies
1. Investigation Techniques
Different investigators have used different techniques
to study the subject without realizing their limitations
[86, 87, 107]. Different techniques give different
types of information on the vascular bed. Over the
years I have collected, bit by bit, information on the
blood supply and circulation of the ONH by using a
variety of differing techniques, including: anatomical
studies using postmortem neoprene casts, histological studies using serial sections and reconstruction of
the anterior part of the optic nerve; fluorescein fundus angiography in experimental ocular and ONH
vascular studies (in rhesus monkeys), and in clinical
studies dealing with the ONH, retinal and choroidal
vascular disorders, as listed above [3–29, 31–39, 40,
86, 108]. I have found that all techniques do not
always give identical information, and the histological studies are the least reliable. This is rather like the
old story of the blind men describing an elephant;
each found something different but none could
describe the whole animal. Only a multifaceted study
conducted on large series and using a variety of techniques, including in vivo clinical and experimental
investigations, can give a comprehensive and accurate account.
2. Sample Size
Because of the considerable interindividual variations in the blood supply pattern of the ONH, studies based on only a few eyes generally give skewed
information, depending upon what method of investigation was used and what patterns were revealed in
those few specimens with that particular technique.
3. Semantics
This can also be a cause of confusion. For example,
Cioffi and Van Buskirk [67] have stressed that the
peripapillary choroid does not contribute to the
prelaminar region of the ONH; however, they have
stated that some branches of the circle of Haller and
Zinn and of the short PCAs course through the choroid and ultimately supply the prelaminar region;
once those branches are lying in the peripapillary
choroid, they are in fact a part of the peripapillary
choroid. From the conventional semantic point of
view, once short and long PCAs and branches of circle of Haller and Zinn have pierced the sclera, then
they and their branches are a part of the choroid and
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not PCAs any more. Thus, it is simply semantics
which cause the confusing claims.
4. Extrapolation from Postmortem Morphological
Studies to the In Vivo Blood Supply Pattern in
the ONH
As discussed above, almost all of the studies on the
blood supply of the ONH in the literature are based
on postmortem morphological studies rather than
in vivo studies. I feel that is the primary cause of confusion and controversy. For example, we know now
that for almost two and half centuries, since the first
description by Ruysch in 1737 [89], postmortem cast
studies on the PCAs and the choroidal vascular bed
misled us badly into believing that that was a freely
communicating vascular system; whereas in vivo
fluorescein fundus angiographic studies have shown
conclusively that the PCAs have a strictly segmental
distribution in the choroid and ONH (see above), and
the PCA vascular bed is an end-arterial system [10,
12, 15–20, 22, 23, 28–30, 32, 39, 92]. This information is highly relevant to the circulation in the ONH
since the PCAs and peripapillary choroid are the
main source of its blood supply. As discussed above,
scanning microscopic pictures of casts recently published are unfortunately equally misleading in spite
of their spectacular appearance, with the additional
problems caused by lack of exact orientation of the
casts to the soft tissues. Another important reason for
the discrepancy between the postmortem morphologic and in vivo patterns is that when the cast material is injected under pressure the vessels fill from all
sources and directions, irrespective of the normal
blood flow pattern; whereas fluorescein angiography,
as a marker for the blood flow, reveals the actual pattern of the blood flow in those channels. What matters clinically, in explaining different vascular
disorders, is the in vivo circulatory pattern. Having
myself done histological studies on the blood supply
of the optic nerve, I have found such studies are even
more fraught with problems and may provide misleading information about the vascular pattern and
blood flow in the ONH. Clearly caution must be used
when trying to make inferences about physiological
ONH blood flow purely from postmortem anatomic
studies.
5. Miscellaneous
Confusion can also be caused by differences in interpretation and by unconscious personal bias.
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 ajor Areas of Controversy in Blood
M
Supply of the Optic Nerve Head
1.	Role of Peripapillary Choroid in Blood Supply
of the ONH
There is overwhelming evidence that the peripapillary
choroid supplies the prelaminar region [1, 2, 62–67,
82, 84, 106], and the most convincing evidence comes
from the fluorescein angiographic studies (Figs. 3.7–
3.11, 3.26, 3.27, 3.28, 3.30, 3.32–3.36, 3.38, 3.39,
3.41, 3.42–3.48, 3.50–3.55, 3.57, 3.58 and 3.63).
However, a few papers based purely on postmortem
morphological studies have claimed that this is not so
[62–67]. It is interesting that while Onda et al. [62]
stated that the peripapillary choroid did not supply the
prelaminar region, they also stated in their paper that:
“The peripapillary choroid provided several small centripetal arteries to the prelaminar region”. As mentioned above, these authors have also stated that some
branches of the circle of Haller and Zinn and of the
short PCAs course through the choroid and ultimately
supply the prelaminar region [67]. I have discussed the
reasons for the discrepancy at length elsewhere [21,
45, 68, 86–88].

Fig. 3.63 Fluorescein fundus angiogram, during retinal venous
phase, of right eye with arteritic AION. It shows non-filling of
the peripapillary choroid and the optic disc (Reproduced from
Hayreh [12])
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2.	Role of Circle of Haller and Zinn in Blood
Supply of the ONH
It is discussed above.
3. Nature of the Axial Vascular System in the ONH
François and colleagues [1, 2, 63, 84] during the midfifties claimed that the “central artery of the optic
nerve” a branch of the ophthalmic artery (Fig. 3.1),
formed the axial vascular system, with the central retinal artery playing no role in the blood supply of the
optic nerve. They claimed that the anterior branch of
the “central artery of the optic nerve” ran in the center
of the anterior part of the optic nerve and that it was the
main source of supply to the ONH. They stressed that
“a central artery of the optic nerve undoubtedly exists”
[63] and that “the existence of such an artery in the
optic nerve is beyond all doubt” [84]. Yet neither I
[3–7] nor any other investigator in the field could find
any such artery despite careful, detailed studies in
much larger samples. In view of this controversy,
François’ group later re-investigated the subject
[109–112] and they also did not find any “central artery
of the optic nerve” in any specimen; that was the
demise of the mythical “central artery of the optic
nerve”. Lieberman et al. [64], based on their histological study, nevertheless tried to revive the concept by
describing so-called “central optic nerve artery equivalents” when they stated that “the pial-derived longitudinal arterioles in the retrolaminar nerve qualify as
central optic nerve artery equivalents”. This statement
is totally misleading, because the pial feeders to the
optic nerve run in all directions and lie throughout the
thickness of the optic nerve in its intraorbital part,
without any in vivo functional anastomoses; thus these
pial-derived vessels in no way deserve the designation
of “central optic nerve artery equivalents”. Moreover,
the pial branches do not form any axial vascular system of the optic nerve (Fig. 3.3); that is mostly supplied by the intraneural branches of the central retinal
artery (Figs. 3.3 and 3.64–3.66), and most probably
Lieberman et al. [64] misinterpreted those branches of
the central retinal artery in their histological study. In
my studies with liquid neoprene latex [3, 5, 7], the central retinal artery gave 1–8 prominent branches during
its course within the optic nerve (Figs. 3.64–3.66) in
75% of the specimens. I feel the primary reason for
misinterpretation by Lieberman et al. [64] is that their
conclusions were based purely on a histological study,
which is not the ideal way to examine the optic nerve
vascular supply.
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clinical studies using fluorescein fundus angiography
have demonstrated the sectoral nature of the blood
supply in the ONH over and over again [9, 10, 12, 13,
17–20, 22, 25–28, 32, 44, 68]. Similarly, ischemic
lesions of the ONH, as in AION, almost always have a
sectoral distribution and visual field defects [113, 114],
which gives definite evidence of the sectoral nature of
blood supply in the ONH.
5. Watershed Zones in the ONH
As discussed above, the presence of watershed zones
among the distribution of various PCAs is now well
established. From time to time, based purely on speculation, some authors have suggested the presence of
other types of watershed zone in the ONH. For example, Rootman and Butler [115] speculated about the
presence of a watershed area in the retrolaminar optic
nerve. More recently Feldon [116] postulated a watershed zone between the retinal and PCA circulation in
the prelaminar region. These speculations were put
forward to explain pet theories, but without any actual
scientifically valid studies or evidence.

 enous Drainage of the Optic
V
Nerve Head
Fig. 3.64 Course of the central artery of the retina (CAR) as seen
from below, before its site of penetration of the sheath (PPS) of
the optic nerve (ON), and after its site of penetration (PPN) into
the optic nerve. Its intraneural (I/N) course is seen on splitting
open the optic nerve anterior to the site of penetration. It shows
branches of the central artery of the retina – one (1) before its
penetration into the optic nerve, and three (1, 2, 3) during its intraneural course [Reproduced from Singh (Hayreh) and Dass [5]]

4.	Sectoral Distribution of Blood Supply
in the ONH
Lieberman et al. [64], based only on histological studies, stated that there is no sectoral distribution of blood
supply in the ONH because there is a continuous capillary network. One very fundamental fact of circulation
to be borne in mind in this respect is that capillaries
in vivo DO NOT act as collaterals in the event of
occlusion of their feeding artery/arteriole – the development of retinal cotton-wool spots (inner retinal ischemic spots) is a good example of that: in spite of a
continuous retinal capillary bed, occlusion of a terminal retinal arteriole produces a focal retinal infarct
(Fig. 3.67). As discussed above, my experimental and

The ONH is primarily drained by the central retinal
vein (Fig. 3.3). The prelaminar region also drains into
the peripapillary choroidal veins because in this part the
central retinal vein communicates with the choroidal
circulation [9, 25, 47, 50, 53, 55]. This communication
assumes significance in acting as retino-ciliary collaterals (erroneously called opto-ciliary shunts, because
there is no “optic vein” and these are not “shunts” but
collaterals) to drain away the blood in the event of a
central retinal vein occlusion behind the lamina cribrosa (Fig. 3.68). There is no venous channel corresponding to the circle of Haller and Zinn.

 lood Supply of the Intraorbital
B
Part of the Optic Nerve
This is further subdivided by point of entry of the central retinal artery in the optic nerve into (a) anterior and
(b) posterior segments (Fig. 3.3). I have discussed the
subject in detail elsewhere [5, 7, 10].
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Fig. 3.65 Course of the
central artery of the retina
(CAR) as seen from below,
before (*) and after its site of
penetration into the optic
nerve (ON). Its intraneural
(I/N) course is seen on
splitting open the optic nerve
anterior to the site of
penetration. It shows branches
of the central artery of the
retina – two (1, 2) before its
penetration (PPN) into the
optic nerve, and six (3–8)
during its intraneural course.
Figure (b) is Camera Lucida
drawing of (a) for better
clarity (Reproduced from
Singh (Hayreh) and Dass [5])
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Anterior Segment
This is between the ONH and the site of entry of the
central retinal artery into the nerve. This part has two
vascular systems for its supply.
(i) A Peripheral Centripetal Vascular System
This is present in all cases and is formed by a pial vascular plexus, supplied by multiple pial branches originating
from the peripapillary choroid, circle of Haller and Zinn,
central retinal artery, ophthalmic artery and other orbital
arteries (Figs. 3.2, 3.3 and 3.15–3.18) [3, 5, 7, 85].
(ii) An Axial Centrifugal Vascular System
This is present in 75% of nerves and supplied by 1–8
intraneural branches of the central retinal artery
(Figs. 3.2, 3.3 and 3.64–3.66) [3, 5, 6], and the supply
by the central retinal artery may extend for 1–4 mm
behind the site of its penetration into the optic nerve
and give centrifugal branches.

Posterior Segment
This is primarily supplied by the peripheral centripetal
vascular system formed by the pial vascular plexus,

supplied by multiple small collateral arteries usually
arising directly from the ophthalmic artery and less
often from other orbital arteries (Figs. 3.3 and 3.15–
3.17) [7, 85]. In about 10% of optic nerves there may
be an axial centrifugal vascular system extending
backward for a variable distance, formed by intraneural branches of the central retinal artery (Fig. 3.69)
[3, 5, 6]. Isayama et al. [117], on cast studies in monkeys found that the posterior intraorbital part was supplied by a centripetal vascular system, formed by the
pial vessels arising from the first branches of the ophthalmic artery.

 enous Drainage of the Intraorbital
V
Part of the Optic Nerve
The intraorbital part of the optic nerve has pial veins;
however, the central retinal vein is the primary vein
draining this part of the optic nerve (Figs. 3.3 and
3.70). Pial veins lie in the pia mater and drain mainly
into the central retinal vein at the site where the latter
exits the optic nerve. The central retinal vein is usually
formed at the optic disc by the union of various retinal
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Fig. 3.68 Fundus photograph of left eye with central retinal
vein and retinociliary collaterals (arrows) on the optic disc

Fig. 3.66 A neoprene cast of the central retinal artery showing
the intraneural part and its retinal branches. Two very small
branches posterior to the lamina cribrosa are shown from the
intraneural part (Reproduced from Hayreh [8])

Fig. 3.67 Fundus photograph of right eye of a rhesus monkey,
with malignant arterial hypertension, shows old cotton wool
spots, with development of multiple nerve fiber bundle loss in
their location (seen as dark semicircular bands – arrows indicating some of them) (Reproduced from Hayreh et al. [152])

veins and runs back in the center of the optic nerve,
lying on the temporal side of the central retinal artery
in the optic nerve, enclosed in a fibrous envelope
(Fig. 3.71). During embryonic life, there are two
venous trunks lying on either side of the central retinal
artery (Fig. 3.72), which coalesce during the third trimester to form the single trunk of the central retinal
vein [118]; however, in 20% that congenital anomaly
may persist during adult life [119]. In my anatomical
studies I found the two trunks of the central retinal
vein in some adult eyes – the two lying on either side
of the central retinal artery in the anterior part of the
optic nerve [3]. Hughes [120] described two veins
passing backwards beside the central retinal artery in
the nerve, one emerging out of the nerve proximal to
the central retinal artery, the other one leaving the
nerve in the optic canal. Both pierce the sheath of the
optic nerve to join the veins of the orbit. When a dural
trunk of the central retinal vein is present during adult
life, occlusion of one of the two trunks results in development of hemi-central retinal vein occlusion [121].
Originally the hyaloid artery is not accompanied by
any vein [118].
The site of exit of the vein from the optic nerve substance is very variable. The exit of the vein and the
entry of the central retinal artery may be situated on the
same aspect [122–126], with both at the same point
(Fig. 3.73) [124], or the artery anterior to the vein
[124–126] or vice versa [127]; these may be at different
aspects with the vein usually on the lateral side [124]
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Fig. 3.69 Diagram (based
on Camera Lucida drawing),
from one of the specimens
in my anatomical study of
the central retinal artery
(CRA) in humans, shows
one of its intraneural
branches running backward
in the axial part of the optic
nerve posterior the central
retinal artery (*). CRA
central retinal artery, CZ
circle of Zinn and Haller,
PCA posterior ciliary
artery, (Reproduced from
Hayreh [153])

Fig. 3.70 Neoprene cast of the central retinal vein (CRV) in my
study, shows its entire course from the optic nerve head (ONH)
to its exit from the optic nerve (ON) sheath. Note the presence
of a large number of prominent venous tributaries within the

optic nerve and none in the optic nerve head region in this specimen. At the left end are its retinal branches (Reproduced from
Hayreh et al. [154])

having the latter anterior to the artery [124]. Charpy
and Hovelacque [122] found the site of exit of the vein
usually 10 mm. from the eyeball. Vossius [128] in 1883
demonstrated that the vessels cross each other at the
entrance/exit into the nerve. In nine specimens, where I
happened to study the vein, its exit was at the same
point as the artery in four (the vein anterior to the artery
in three, and posterior in one), while in five the vein
exit was on the lateral side of the nerve with the entry
of the artery on the inferior aspect (both these sites at
the same distance from the eye in two, the vein exit

anterior to the artery in one, and posterior in two). In
the latter case, the artery and the vein diverge at right
angles in the centre of the nerve, to reach the pia differently. In 11% Fry [124] found the vein emerging on the
lateral side of the optic nerve and then making an arc of
a quarter of a circle in the pia on the nerve to come to
lie at the same aspect as the central retinal artery.
The vein runs on the optic nerve for some distance
before it pierces the sheath to come to lie in the orbit.
This course of the vein in the pia is usually longer than
that of the artery there; Fry [124] found it 3.8–8 mm.
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Fig. 3.71 A transverse
section through the center of
the intraorbital part of the
optic nerve showing central
retinal artery (CRA) and vein
(CRV) lying side by side in
close apposition, enclosed by
a common fibrous tissue
envelope (FTE) (Reproduced
from Hayreh et al. [155])

long. It has been noticed that the vein pierces the dural
sheath very gradually, so as to lie for a longer distance
in the sheath. The point of emergence of the vein from
the sheath has been described as always lying a considerable distance posterior to the entrance of the artery,
irrespective of which vessel pierced the nerve anteriorly. In my series the vein mostly pierced the dura posterior to the artery, though rarely it did so anteriorly.
When an optic nerve sheath meningioma compresses
the central retinal vein, that results in the development
of well-known retinociliary collaterals (erroneously
called optociliary shunts – see above).
On emerging from the optic nerve sheath, the vein
usually joins the orbital plexus of veins in the fat and
communicates with the superior and/ or inferior ophthalmic veins or cavernous sinus directly, or there may
be a combination of all these [129]. Beauvieux and
Ristitch [123] found it communicating with the plexus
of veins on the optic nerve; this was also confirmed in
my study. The vein, therefore, has multiple connections
with the adjoining veins and a blockage of the cavernous sinus is not likely to cause blockage of the blood
flow in the central vein as was originally thought by von
Graefe [130] in the pathogenesis of optic disc edema in
raised intracranial pressure (refuted later by Sesemann
[131] on the basis of these multiple communications).
The central retinal vein, in addition to drainage of
the retina, also receives multiple tributaries from the
ONH (Figs. 3.3 and 3.70), and all along its course in
the optic nerve. Its tributaries in the intraorbital part of

the nerve are extensive and are big in size, going as far
as the pia on the periphery (Fig. 3.70).
Cone and MacMillan (1932) described in the centre
of the optic nerve a posterior central vein which,
according to them, is formed by the union of a large
number of venules from the orbital part of the nerve.
This vein leaves the optic nerve inferiorly, and runs
backwards on the lateral side of the nerve to open in the
cavernous sinus [132]. According to Cone and
MacMillan [133], this vein is constantly present and is
of the same size as the central retinal vein. They added
that this vein plays an important role, not only in injury
to the optic nerve in the optic canal and causing hemorrhages, but also by sudden compression in the spontaneous subarachnoid hemorrhage, when it may lead to
marked remote changes in the retina. In my study, I
quite often saw a vein lying in the posterior segment of
the intraorbital part of the optic nerve behind the central retinal vein; it was very variable in size, and it
joined the central retinal vein near about its bend in the
center of the optic nerve. Its size was biggest where it
joined the central retinal vein and diminished as it was
traced backwards. Unlike Cone and MacMillan [133],
I found that it ran from behind forward to join the central retinal vein. Damel [134] described a similar vein
which, according to him, drains the orbital portion of
the optic nerve and becomes superficial in the optic
canal to pass backwards to the cavernous sinus; no
other worker has described a similar vein and I have
never observed it.
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Fig. 3.72 (a) Schematic representation of two trunks of the
c entral retinal vein in the optic nerve. (For abbreviations see
Fig. 3.3.) A arachnoid, C choroid, CAR and CRA central retinal
artery, CRV central retinal vein, D dura, LC lamina cribrosa, OD
optic disc, ON optic nerve, PR and PLR prelaminar region, S
sclera, SAS subarachnoid space (Reproduced from Hayreh et al.

[121]) (b) Diagrammatic reconstruction from serial sections
(10 mm thick) of anterior part of the optic nerve in my study,
shows intraneural course of the central retinal vessels. Note
duplicate central retinal vein (CRV) in the anterior part of the
optic nerve and the two trunks separating in the retina. CRA
Central retinal artery

 lood Supply of the Intracanalicular
B
Part of the Optic Nerve

from the internal carotid, anterior cerebral and anterior
communicating arteries, in common with the supply to
the intracranial part. Isayama et al. [117] in cast studies
of monkeys found that the intracanalicular optic nerve
was supplied by a centripetal vascular system, formed by
the pial vessels arising from the first branches of the ophthalmic artery. Superior and inferior vascular semicircles
were detected in the intracanalicular optic nerve.

According to Wolff [125], the ophthalmic artery supplies
this part of the optic nerve. Behr [135] and Steele and
Blunt [126] also found small branches from the ophthalmic artery, arising just distal to the optic canal. However,
Magitot [136] and Francois et al. [1] described its supply
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Fig. 3.74 Intraorbital (upper) and intracanalicular (lower) parts
of the optic nerve (ON) showing ophthalmic artery (OA) and
two collateral branches from the ophthalmic artery going to the
intracanalicular part of the optic nerve, as seen from below

 lood Supply of the Intracranial Part
B
of the Optic Nerve

Fig. 3.73 Inferior surface of the intraorbital part of the optic
nerve (ON), showing the central retinal artery (CRA) and
vein (CRV) and their site of penetration into the sheath of the
optic nerve in rhesus monkey in my study (Reproduced from
Hayreh [156])

In my study [7, 85], I found that this part of the
optic nerve is supplied by the ophthalmic artery
entirely (Fig. 3.15). Collateral branches, usually 1–3
and rarely even more, arise from the ophthalmic
artery in the optic canal or occasionally near the apex
of the orbit (Fig. 3.74), and at times from the distal
intraorbital part of the artery or its intraorbital
branches on the inferior aspect. These branches usually reach the optic nerve by traversing through the
connective tissue bands binding the optic nerve in
this part to the surrounding dural sheath in the optic
canal (Fig. 3.75). Therefore, a fracture of the skull
involving the optic canal is likely to tear away these
bands and interfere with the blood supply of the
nerve. No axial vascular system was seen in this and
the intracranial parts.

There is a great diversity of opinion about the source of
blood supply to this part. According to Behr [135] and
Francois et al. [1], the intracranial part is supplied by pial
branches from the internal carotid, anterior cerebral and
anterior communicating arteries. These nutrient vessels
supply the nerve centripetally and are end-arteries.
Magitot [136] described a small artery, usually from the
internal carotid artery, as the principal vascular supply to
the intracranial portion of the nerve, and, according to
him, this artery terminates in the chiasma. He also
described a branch of the ophthalmic artery, dividing into
ascending and recurrent branches which supplied the
upper surface of the nerve. Wolff [125] described anterior cerebral and internal carotid arteries supplying superior and inferior aspects of the nerve respectively, with
the help of the anterior communicating and ophthalmic
arteries. According to Dawson [137, 138] the “prechiasmal artery”, a branch from the ophthalmic artery near its
origin, is the main supply, and it runs backwards on the
medial side of this part of the nerve to join its fellow of
the opposite side, along the anterior border of the chiasm
and supplies the two. But, neither I [85] nor Steele and
Blunt [126] could find any such vessel from the ophthalmic artery. I [7] found a branch from the anterior superior
hypophysial branch of the internal carotid, which closely
resembled the description of the “prechiasmal artery” of
Dawson [137, 138]. I [7] found that it runs forward on
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Fig. 3.75 Longitudinal
section of the optic nerve in
the region of the optic canal,
showing a capillary
subarachnoid space (SAS)
and fibrous bands connecting
the optic nerve with the
surrounding sheath (Masson
trichrome staining)

the infero-medial aspect of the intracranial part of the
nerve from the chiasma side, even winding to go on to
the medial side of the nerve, and ramifying in the pia
(Fig. 3.15). Steele and Blunt [126] found additional small
recurrent branches from the ophthalmic artery to this part
of the nerve. Hughes [120] reported having frequently
noted at operations branches of considerable size to the
superior aspect of the nerve by the anterior cerebral and
ophthalmic arteries; however, he was not sure of their
role in the blood supply. Isayama et al. [117], in their cast
studies on monkeys, found that the intracranial optic
nerve was supplied by branches of the internal carotid
artery, anterior cerebral artery and/or anterior communicating artery, and ophthalmic artery. In my studies [7],
I found small collateral branches of variable numbers
arising from the ophthalmic artery from its origin
onwards [85], which ran backward on the inferior aspect
of the optic nerve and wound round the margins of the
optic nerve to go on to its superior aspect (Fig. 3.15), so
as to supply the optic nerve all round [7]. However, the
branch from the anterior superior hypophysial artery,
mentioned above, was the biggest of all.

Angioarchitecture of the Optic Nerve
Many investigators since 1903 have described this, on
light as well as scanning electron microscopy [2, 7, 46,
59, 60, 63, 64, 81, 125, 126, 139–142]. The blood supply of the optic nerve is planned similar to that of the

brain, of which it is, in effect, an outgrowth; that is, all
the arteries which supply the optic nerve do so through
the pial vascular plexus which acts like a distributing
centre for the vessels (Figs. 3.15–3.18). The vessels
entering the nerve from the pia take a covering of the
pia and glia with them, which forms the septal system
of the nerve (Fig. 3.19), so that the distribution of the
septa is really a distribution of the blood vessels. The
thickness of various septa depends upon the size of the
vessels they contain [125, 143]. The nerve is not only
supplied by the pial vessels, but also to some extent by
the intraneural branches of the central retinal artery
anteriorly (Figs. 3.2, 3.3, 3.64 and 3.65). Thus the fine
vascular system of the optic nerve is fed by both the
pial and the central retinal vessels, though mainly by
the former.
The angioarchitecture in the region of the lamina
cribrosa has been described as comprising numerous,
small, very close and transversely elongated meshes
[139, 140], a very dense capillary plexus 10–20 mm in
diameter [2, 46, 63, 126], which makes this part of the
ONH a highly vascular structure [46]. In this region,
according to Leber [139] and Parsons [140], the vessels become smaller, with a more closely woven network. Francois et al. [2, 63] found that capillaries
become tortuous, corkscrewed, curly and wind spirally
in the optic nerve near the lamina cribrosa. In the lamina cribrosa, they found a very dense and tortuous
plexus with no difference between the periphery and
centre in density. Steele and Blunt [126] described
small branches from the PCAs and choroid. According

Angioarchitecture of the Optic Nerve

to them, the capillary plexus is very dense here, and is
continuous anteriorly with capillaries of the choroid
and retina, and posteriorly with those of the adjoining
optic nerve. In the region of the optic disc, Francois
et al. [2, 63] found disappearance of capillaries in the
physiological cup while at the periphery the capillaries
were large, forming a lace like pattern winding in multiple anastomoses.
In the intra-orbital and intra-canalicular part,
Francois et al. [2, 63] found capillaries of different
sizes between the nerve bundles and described the
large ones as venous, medium arterial, and the small
ones as serving a nutritional purpose for the nerve
bundles. They described the existence of two basic
vascular patterns in this part of the nerve – longitudinal and transverse. The longitudinal run in between
the bundles from before backwards, while the transverse surround single nerve bundles at regular distances and may be complete or incomplete pentagonal
shaped. Oval capillary meshes surround nerve fibers,
going from one bundle to another. They [2, 63] stated
that the most typical vascular pattern is seen in the
middle third of the intraorbital part of the nerve.
Collaterals from both longitudinal and transverse
units join to form a complicated capillary plexus. The
plexus is denser at the centre than at the periphery of
the nerve. Fazio and Farina [141], on the other hand,
found no such difference but found an irregular quadrangular network of very small capillaries. In the posterior part of the optic nerve, Francois et al. [2, 63]
found meshes wider and less tortuous than the middle
third with no difference in their size at the centre and
periphery of the nerve. From the pia, larger arterioles
penetrate into the nerve, and there are few collaterals
from the longitudinal units. Steele and Blunt [126]
also described constant regional variation in the
intrinsic capillary plexus pattern of the nerve. Awai
[144] investigated the angioarchitecture of the monkey intracanalicular optic nerve by cast preparation.
In the intracanalicular optic nerve, the vascular architecture consisted of branches from the ophthalmic
artery. Some branches derived from the chiasmal part
of the ophthalmic artery, some from its intracanalicular part, and others from its intraorbital part. On the
surface of the intracanalicular optic nerve and in its
inner portion, vascular distribution was sparse. A
clear pial plexus was not observed. However, it was
ascertained that there existed a few anastomoses
between the branches from the ophthalmic artery on
the surface of the optic nerve, and between the

71

intraneural branches within the optic nerve: no endartery appeared to exist.
In the intracranial part of the nerve, Francois et al.
[2, 63] found fine independent arterioles entering the
nerve from the periphery. These run transversely for
a short length and then longitudinally to divide in
branches. The medial side has denser visualization
than the lateral side. The course of the capillaries is
straight in this part of the nerve, with irregular
branching resulting in a complicated pattern. Hairpinlike bends are seen on the lateral side. In this part
there is no association between myelo- and angioarchitecture, as seen elsewhere. Steele and Blunt
[126] described an irregular capillary arrangement in
this part, with frequent spiral formations. In contrast
to Francois et al. [2, 63] they described here a marked
correspondence between the vessels and the glial
septal arrangement. Fazio and Farina [141] also
found a large number of very small parallel vessels
in this part.
In my rather limited study [7] of the fine angioarchitecture of the optic nerve, I found that in longitudinal sections of the nerve, the pattern varies in
different parts. Moreover, the network formed by
capillaries at places is so complicated that it is difficult to work out a definite descriptive pattern.
Hence their interpretation varies from author to
author, and that may be responsible for the differing
descriptions by various authors. However, in transverse sections of the nerve, the variation and confusion is comparatively less.
The angioarchitecture, like the gross blood supply,
is different in different parts of the nerve. The prelaminar region and surface nerve fiber layer of the ONH
have an irregular network, like the nerve posterior to
the lamina cribrosa (Fig. 3.76). The peripapillary choriocapillaris do not anastomose with the capillary
plexus in the prelaminar region (Figs. 3.12 and 3.13);
however, capillaries in the disc are continuous with
those of the adjoining retina (Fig. 3.76). In the lamina
cribrosa, a horizontal section reveals the capillaries
arranged mostly transversely, like the connective tissue arrangement in the lamina cribrosa, with a forward
concavity (Fig. 3.76).
In the intraorbital part of the optic nerve, the pattern
is comparatively simpler, with longitudinal vessels connected irregularly by irregular transverse vessels running in various directions, forming irregular
quadrangular, oval and multishaped meshes in a longitudinal section (Figs. 3.77 and 3.78). On the transverse
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Fig. 3.76 A longitudinal
section of the anterior part of
the optic nerve and the
adjoining part of the eyeball,
showing fine angioarchitecture. LC Lamina cribrosa,
PLR Prelaminar region, RLR
Retrolaminar region

a

b

Fig. 3.77 Longitudinal
sections of the posterior
segment of the intraorbital
part of the optic nerve,
showing fine angioarchitecture. The arrow indicates the
anterior end of the optic
nerve
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Fig. 3.78 A longitudinal
section of the anterior half of
the intracanalicular (ICON)
part and posterior segment
of the intraorbital part of the
optic nerve, showing the fine
angioarchitecture

Fig. 3.79 A longitudinal sections of the posterior part of the
intracanalicular part of the optic nerve, showing fine angioarchitecture. Arrow indicates the anterior end of the nerve

section, complete or incomplete polygonal, shaped
meshes, surrounding usually a single nerve bundle but
at times more than one, are seen. The longitudinal channels are usually more prominent than the transverse
ones; the latter invariably seem to connect the former. In
the anterior part, on cross section the picture is not very
different, but a horizontal section reveals a more
complicated pattern and the longitudinal and transverse
vessels are not clearly made out, as in the previous one
(Fig. 3.18).
In the intracanalicular part of the optic nerve
(Figs. 3.78 and 3.79), the pattern of capillaries is

almost similar to the adjoining intraorbital part, though
it becomes more and more complicated as traced
towards the cranial side, thus losing the more evident
differentiation into longitudinal and transverse
vessels.
In the intracranial region of the nerve (Figs. 3.80–
3.82), the distal part has a pattern similar to the
adjoining intracanalicular part, but as it is traced
backwards, longitudinal vessels become prominent
and transverse become scarce, so that in the posterior
part on the medial side, there are straight longitudinal
vessels lying nearly parallel with each other, with less
marked irregular collaterals (Figs. 3.80 and 3.81).
These prominent longitudinal vessels are not seen on
the lateral side, and become continuous posteriorly
with similar types of vessels in the anterior part of the
chiasm (Fig. 3.80), which are connected anteriorly
with big vessels in the optic nerve lying both in the
medial and lateral parts of the nerve. The vessels in
the proximal portion of the intracranial part are less
dense, more so on the lateral side than on the medial
side. The longitudinal vessels mentioned above are
not seen throughout the thickness of the nerve
(Fig. 3.82). Big vessels are seen frequently in the
intracranial part and at times even in the intracanalicular part of the nerve.
In the optic nerve, the capillary vessels are
continuous all along, without any watershed or watertight compartment formation at any level. At the
capillary level, anastomoses exist within the optic
nerve throughout its entire length, and anteriorly
with retinal capillaries; however, these anastomoses
have no functional importance in the event of blockage of their main feeding vessels. This fact is
extremely important in understanding ischemic
optic neuropathy.
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Fig. 3.80 Fine angioarchitecture of the whole of the
intracranial part of the optic
nerve (ON) with the
adjoining intracanalicular
part (ICON)

Fig. 3.81 Fine angioarchitecture of the intracranial part
of the optic nerve is seen with
well-marked longitudinal
straight capillaries. The
arrows indicates the anterior
end of the optic nerve

Conclusion
The above description about the blood supply of the
optic nerve shows that it is different in various
regions of the optic nerve, is highly complex, and
shows marked interindividual variation. It is a subject of paramount importance to understand the
pathogeneses and management of ischemic optic
neuropathies.
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Blood-Optic Nerve Barrier

The blood-optic nerve barrier is an important subject in
any consideration of optic nerve and optic nerve head
(ONH) vascular disorders. The capillaries in the ONH
and the rest of the optic nerve, as in the retina [1–5] and
in the central nervous system [6–10] have tight cell junctions between adjacent endothelial cells, without fenestration [11–13]. These tight junctions are responsible for
the blood-optic nerve barrier, which has been shown by
intravenous injection of tracer substances, such as horseradish peroxidase [14–16] and diaminoacridines [17].

Anatomical Considerations
Capillaries of certain tissues have tight cell junctions
with zonulae occludentes between adjacent cells; they
control fluid and molecular movement and provide a
barrier effect against leakage of materials from the
capillaries, e.g., fluorescein, horseradish peroxidase,
diaminoacridine dyes, proteins, etc. The following tissues in the eye possess this barrier property: capillaries
of the retina and optic nerve, retinal pigment epithelium, and intermediary tissue of Kuhnt, which lies
between the outer layers of the retina and the prelaminar region of the ONH and is composed of glial cells.
From the point of view of the discussion in this chapter, of interest here is the presence of this barrier in the
optic nerve capillaries [11–14, 16–19], intermediary
tissue of Kuhnt [15, 16, 20] and pial vessels [11]. The
presence of blood-brain barrier is well-established.
In contrast to that, certain other ocular tissues leak
materials freely across them, e.g., choriocapillaris,
which have fenestrations in their walls [1, 21–23] and
the border tissue of Elschnig (also known as the “border tissue of Jacoby”), which lies between the choroid
and the ONH [15, 21, 24, 25].

Blood-Optic Nerve Barrier
The available studies have firmly established that blood
vessels in the optic nerve have a “blood-optic nerve
barrier” [12–19, 21, 24, 26–28]. If we assume that the
blood-optic nerve barrier and blood-brain barrier have
identical properties, then the barrier exercises a physical restraint on the passage of material from the vascular system of the optic nerve into the extracellular
space surrounding it [29]. It allows a highly selective
passage of solutes from the blood into the extracellular
fluid of the optic nerve. This selectivity ensures that
certain substances exchange with plasma only very
slowly while others, either because of their lipid solubility or their affinity for certain carriers in the membrane, exchange more rapidly. Associated with these
two exchanges with blood, there is a relatively unrestricted and unselected exchange between the extracellular fluid and cerebrospinal fluid [29]. Some materials
with large molecules are probably transported across
the endothelial cell from the capillary lumen by intraendothelial vesicular transport [30–36] or, under pathological circumstances, by intraendothelial channels
[32, 37–42]. Respiratory gases diffuse easily across
the cells. The barrier probably protectively excludes
unwanted substances from the neural tissue and, by
keeping large molecules out of the tissue fluid, helps
maintain normal osmotic pressure. In the retina a similar barrier, by keeping large molecules and proteins out
of the tissue, maintains a constant osmotic pressure
and prevents development of retinal edema and loss of
retinal transparency. Rodriguez Peralta [17] stated that
although the blood-optic nerve barrier makes the vessel
wall impermeable to certain materials in the bloodstream, it permits the material to enter the bloodstream
from the extravascular compartment of the optic nerve
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tissues. However, as discussed below, evidence from
later studies does not support the “one-way traffic”
view of Rodriguez-Peralta [17].

Blood-Optic Nerve Head Barrier
The blood vessels in the ONH have a “blood-optic
nerve barrier” by virtue of having tight interendothelial cell junctions in the blood vessels. However, the
Border Tissue of Elschnig, which separates the choroid from the ONH, lacks such a property. This has
been demonstrated by a large number of workers, using
a variety of techniques [15, 16, 20, 21, 24–28, 43, 44].
Through large pores in the choriocapillaris, much
material leaks out and permeates freely through the
border tissue of Elschnig to enter the prelaminar region
of the ONH. The most informative studies about the
distribution of the extravascular tracer in the ONH are
those based on intravenous injection of horseradish
peroxidase and electronmicroscopy. Thirty seconds
after injection in mice, Yamashita et al. [44] found
horseradish peroxidase in the lamina cribrosa and
adjacent retrolaminar optic nerve, most intensely collected 8 min after the injection in the prelaminar region
and the lamina cribrosa. Tso et al. [15] enucleated the
eyes of rhesus monkeys 2–30 min after injection and
found the following distribution of the tracer: The surface nerve fiber layer of the optic disc showed no tracer
outside its capillaries. There was no diffusion from the
peripapillary outer retina into the ONH because of
tight junctions between the astrocytes that make up the
marginal tissue of Kuhnt. The prelaminar region
showed a diffuse distribution of the tracer in its extracellular spaces, with a gradient from Bruch’s membrane into the adjacent ONH (minimal at the center).
The tracer was most thickly concentrated in the posterior part of the prelaminar region and aggregated
densely in the glial columns and around the capillaries
in the ONH. The border tissue of Elschnig was densely
infiltrated. Compared to the prelaminar region, the diffusion of the tracer was less extensive in the lamina
cribrosa and it diffused among collagen fibers. In the
retrolaminar optic nerve, the tracer lay in the extracellular spaces, with decreasing concentration toward the
orbital part of the optic nerve. The findings of Tsukahara
and Yamashita [16] agree with the above observations;
they found the tracer in the intercellular spaces of glial
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cells and optic nerve fibers of the prelaminar region
and lamina cribrosa in 8–10 min; Okinami et al. [20]
confirmed their findings. Horseradish peroxidase and
other tracers did not enter the capillaries of the optic
nerve in any of these studies; it surrounded the blood
vessels. This seems to contradict the conclusions of
Rodriguez-Peralta [17] that the blood-optic nerve barrier of capillaries is only a one-way impermeability
system and permits materials from the optic nerve tissues to enter the bloodstream.
Thus, while blood vessels in the optic nerve have
the property of a blood-optic nerve barrier, diffusion of
the fluid from the peripapillary choroid into the ONH
would nullify all the advantages attributed to the barriers in the ONH blood vessels. The only other place in
the central nervous system where there is no bloodbrain barrier is the area postrema (a small tongueshaped area on the lateral wall of the fourth ventricle).
It is puzzling that the ONH, interposed between the
blood-retinal and chorio-retinal barrier (at the level of
retinal pigment epithelium) systems anteriorly and the
blood-optic nerve barrier system posteriorly in the
orbital part of the optic nerve, does not have a barrier.
This unorthodoxy makes the ONH and area postrema
unique and the significance of lack of blood-brain barrier remains an enigma. However, the lack of bloodoptic nerve barrier in the prelaminar region of the
ONH plays an important role in the development of
some optic neuropathies.

Clinical Importance of Absence of BloodOptic Nerve Barrier in the Prelaminar
Region
There is evidence that absence of blood-optic nerve
barrier in the prelaminar region plays a role in the
development of the following optic neuropathies.

Hypertensive Optic Neuropathy
Patients with malignant arterial hypertension, toxemia
of pregnancy and renal disease can develop non-
arteritic anterior ischemic optic neuropathy. Its pathogenesis is discussed at length elsewhere [45]. Briefly,

Clinical Importance of Absence of Blood-Optic Nerve Barrier in the Prelaminar Region

from the available evidence, there is a strong indication that the renin-angiotensin-aldosterone system
plays an important role in the development and maintenance of malignant arterial hypertension. Angiotensin
II is a powerful vasopressor agent. Since choriocapillaris are very leaky, the plasma, along with angiotensin
and other vasoconstrictor agents in it, leaks freely into
the choroidal interstitial fluid; there it causes vasoconstriction and/or occlusion of the choroidal vessels as
was seen on fluorescein fundus angiography [46] and
in pathological studies [47] in all these eyes. The leakage of the angiotensin into the choroidal interstitial
fluid produces ischemia of the ONH by the following
two mechanisms:
(a) As discussed above, there is no blood-optic nerve
barrier in the prelaminar region of the ONH.
The angiotensin and other vasoconstrictors from
the choroidal interstitial fluid would diffuse
into the ONH through the Border Tissue of
Elschnig which is freely permeable. The vasoconstrictors in the tissues of the optic nerve would
produce vasoconstriction and occlusion by direct
action on the capillaries and other vessels in the
ONH; this was also suggested by the experimental
studies of Sossi and Anderson [48]. Pathologic
studies in these eyes showed swollen endothelial
cells and degenerated pericytes with obliterated
lumen of vessels in the optic nerve [49].
(b) In addition, as a part of the constriction of the choroidal vascular bed, caused by leaked vasoconstrictors from the choriocapillaris, there is vasoconstriction
of the peripapillary choroid. As discussed in Chap.
3, the peripapillary choroid is the main source of
blood supply to the ONH. Vasoconstriction and
occlusion of the peripapillary choroid would secondarily cause ischemia of the ONH.
Ischemia of the axons results in axoplasmic flow stasis which accumulates proximal to the ischemic site
and results in the axonal swelling at the optic disc
[49–51]. Pathological studies in these eyes revealed
that optic disc swelling was essentially due to ischemic hydropic swelling of the axons [49]. Thus, studies strongly indicate that the optic disc edema
(swelling) in malignant arterial hypertension is due to
ischemia of axons in the ONH, and hence represents
non-arteritic anterior ischemic optic neuropathy. The
changes in the optic disc in these eyes follow the
course seen in non-arteritic anterior ischemic optic
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neuropathy (see Chap. 16). This has also been suggested by other authors [52–54].

Toxic Optic Neuropathy Due to Methanol
Intoxication
The pathogenesis of this is discussed at length elsewhere
[55]. Briefly, in methanol intoxication, methanol is converted into the toxic metabolite formate. Formate leaks
out from the choriocapillaris into the choroidal interstitial fluid, and then diffuses into the ONH through the
Border Tissue of Elschnig (due to absence of bloodoptic nerve barrier in the prelaminar region of the ONH).
Formate leaks out from the choriocapillaris into the
choroidal interstitial fluid, and then diffuses into the
ONH through the Border Tissue of Elschnig (due to
absence of blood-optic nerve barrier in the prelaminar
region of the ONH). Formate inhibits the cytochrome
oxidase enzyme mechanism in the tissue ® inhibition
of ATP formation ® inhibition of electrical conduction
and visual dysfunction as well as axoplasmic flow stasis, by the mechanism discussed elsewhere [55].”
Axoplasmic flow stasis results in optic disc swelling,
seen in this condition. The primary cause of visual loss
in methanol intoxication is toxic optic neuropathy.

Non-arteritic Anterior Ischemic Optic
Neuropathy
It is quite possible that in some cases of non-arteritic anterior ischemic optic neuropathy, absence of a blood-optic
nerve barrier in the prelaminar region may also be playing a role. For example, from time to time I have come
across patients (particularly persons with type A personality [56]) who complained of development of blurring of
vision and even development of non-arteritic anterior
ischemic optic neuropathy when exposed to a stressful
situation. There is a huge volume of literature showing
association of stress and release of catecholamines (norepinephrine and epinephrine). Norepinephrine and epinephrine are vasoconstrictors, which can leak from the
choriocapillaris into the choroidal interstitial tissue, and
through the Border Tissue of Elschnig into the prelaminar
region, and result in ONH ischemia, by the mechanism
discussed above in hypertensive optic neuropathy.
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Effect of Hypoxia/Ischemia
on Blood-Optic Nerve Barrier
Ischemic optic neuropathy is an ischemic disorder.
Therefore, it is relevant to know the effect of ischemia/
hypoxia on the blood-optic nerve barrier. A recent
review by Kaur et al. [57], of the effect of ischemia/
hypoxia on the blood-retinal barrier has information
which is also relevant to the blood-optic nerve barrier.
There is disruption of the blood-retinal barrier in
hypoxia/ischemia, which may be due to several mechanisms, including increased production of vascular
endothelial growth factor (VEGF), nitric oxide, free
radicals, inflammatory mediators and hemodynamic
alterations. Kaur et al. [57] reported an increase in
AQ4 mRNA and protein specifically localized in astrocytes in hypoxic rat retina in comparison to controls
[58], supporting the view that these cells are involved
in the transport of water from blood vessels to the retinal tissues and, hence, may contribute to edema formation in hypoxic conditions. Disruption of ionic
homeostasis, free radical production and energy failure during hypoxia/ischemia are some of the factors
responsible for swelling of astrocytes. The optic nerve
has astrocytes (see Chap. 2) and that may also be happening with the astrocytes in the optic nerve.
VEGF is known as a vascular permeability enhancing factor [59, 60]. It promotes leakage of plasma proteins from blood vessels [61]. It has been shown to
induce increased vascular permeability via synthesis or
release of nitric oxide [62]. VEGF also induces the
appearance of interendothelial gaps, fragmentation of
the endothelium and degenerative changes in endothelial basement membranes affecting the structural integrity of the microvessels leading to extravasation of
blood plasma proteins, including albumin [59, 63].
VEGF is an important pathogenic factor for the development of vascular leakage, which is increased by
hypoxia, leading in the brain to the development of
cerebral edema [62, 64]. Increased expression of VEGF
has been reported in hypoxic retinal astrocytes [65]. In
the brain, breakdown of the blood-brain barrier has
been shown to trigger the activation of astrocytes [66,
67]. In the brain, up-regulation of endogenous VEGF
in ischemia is believed to interact with receptors for
VEGF on ischemic vessels and contributes to disruption and leakage of blood-brain barrier [68]. VEGF
binds to, and activates, two tyrosine kinase receptors
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- VEGFR1 (Flt-1) and VEGFR2 (KDR/Flk-1) [69].
VEGFR1 and VEGFR2 activation is known to result in
disruption of tight endothelial junctions and may be
important in the pathogenesis of breakdown of the
blood-retinal barrier [70]. Inhibition of VEGF production has been reported to reduce the blood-retinal barrier permeability [58]. Clinically, the use of magnetic
resonance imaging with gadolinium-diethylenetriaminepentaacetic acid may be a useful neurodiagnostic
procedure for visualization of increased permeability
of the breakdown in blood-optic nerve barrier.
Corticosteroids have a specific effect in reducing
vascular permeability [71], in addition to having antiangiogenic, anti-inflammatory, anti-apoptotic, antiproliferative and anti-edematous activity [72]. All this
is applicable to the ischemia of the optic nerve also.
For example, in non-arteritic anterior ischemic optic
neuropathy corticosteroid therapy has been shown to
result in quicker resolution of optic disc edema than in
an untreated group, by reducing vascular permeability
[73]. Non-arteritic anterior ischemic optic neuropathy
eyes treated with corticosteroid therapy, because of
this faster resolution of optic disc edema, have a significantly better visual outcome than the untreated eyes
(see Chap. 17) [74]. Corticosteroid therapy in nonarteritic posterior ischemic optic neuropathy has also
been shown to result in a significantly better visual
outcome than the untreated eyes (see Chap. 22) [75].
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Factors Influencing the Optic Nerve Head
Blood Flow

In ischemic optic neuropathies, ischemia is due to
deranged blood flow in the optic nerve. To understand
their pathogenesis and management a firm grasp of
the following is crucial: (i) the blood supply of the
optic nerve (as discussed before – see Chap. 3), and
(ii) the factors that influence the blood flow of the
optic nerve head (ONH). It is the lack of in-depth
knowledge of these two factors which is responsible
for most of the controversy and confusion on ischemic optic neuropathies. The purpose of this chapter is
an attempt to present a brief overview of the current
state of our knowledge about the factors that finally
determine the state of the circulation in the ONH, as
discussed previously [1, 2].

Pathophysiology of Factors Influencing
the ONH Blood Flow
The following formula is used to calculate the ONH
blood flow:

Flow =

Perfusion pressure
Resistance to flow

Perfusion pressure = Mean arterial blood pressure
(BP) minus venous BP in a vascular bed. Normally the
pressure in the central retinal vein at the optic disc is
slightly higher than the intraocular pressure (IOP), so
that for all practical purposes, IOP is usually a good
index of the ocular venous BP. In view of that, perfusion pressure is also equal to mean arterial BP in the
ONH vessels minus the IOP.
Mean BP = Diastolic BP + 1/3 (systolic minus
diastolic BP).

Thus, the ONH blood flow depends upon three
parameters: (a) BP, (b) IOP and (c) resistance to blood
flow. Before discussing the pathophysiology of these
three factors at some length, it is essential to discuss
first the role of (1) autoregulation of blood flow and (2)
endothelial derived vasoactive agents, both of which
affect BP and resistance to blood flow.

Autoregulation of Blood Flow
Autoregulation plays a very important role in the control of blood flow in a tissue. Therefore, I will discuss
that first.

What Is Autoregulation of Blood Flow?
The goal of autoregulation in a tissue is to maintain
relatively constant blood flow, capillary pressure and
nutrient supply, in spite of changes in perfusion pressure. Autoregulation is due to alteration in resistance
to blood flow, and that in turn is due to changes in the
tone of the blood vessels. It is generally thought that
the terminal arterioles regulate the resistance to flow,
that is, they dilate to increase the blood flow when the
perfusion pressure falls and constrict to reduce the
blood flow in arterial hypertension. But there is a limit
to how far the terminal arterioles can constrict or dilate,
so autoregulation operates only within a certain critical
range of perfusion pressure, and breaks down when the
perfusion pressure goes above or below this critical
range (Fig. 5.1). Thus, contrary to the general belief,
the presence of autoregulation does not automatically
ensure consistent blood flow in a tissue at all times.
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Blood Flow
Autoregulation Range

NORMAL

Absent

Present

Absent

Perfusion Pressure
Fig. 5.1 A diagrammatic representation of blood flow autoregulation range at different perfusion pressures in normal persons.
“Absent” and “present” denote absence or presence of the autoregulation (Reproduced from Hayreh [3])

Anderson and his colleagues have discussed the role
of pericytes in the capillaries in regulation of the
blood flow autoregulation by virtue of the presence of
the contractile proteins actin and myosin [4, 5]. Reti
nal capillary pericytes, by their endothelial-relaxing
factor nitric oxide, can modulate the tone of pericytes
and thus have the potential to influence blood flow in
capillaries [6].

Mechanism(s) Responsible for Blood
Flow Autoregulation
This is still not clear. It has been discussed at length by
Orgül et al. [7]. Briefly, there are three hypotheses:
(a) Metabolic Hypothesis
According to this, local arteriolar smooth muscle tone
is regulated by local concentration of metabolic products, pO2 and pCO2, and plays a role in maintaining
autoregulation. Accumulation of metabolites is due to
hypoxia or lack of ability to wash out such metabolites, and that causes vasodilation [8–10]. Elevation of
pCO2 does seem to be one of the factors in vasodilation
of arterioles [11, 12]. Changes in pCO2 markedly influence the peripheral resistance [13, 14] and the effect is
most marked in the arterioles [15]. Anderson and Davis
[16] found that an increase in pCO2 caused acidosis of
the medium and relaxation of the pericytes in a reversible, concentration-dependent manner. These findings
suggest that the regulation of blood flow to meet local
metabolic needs does not reside entirely in the arterioles and precapillary sphincters, but at least in part in
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the capillary bed through the contractile properties of
pericytes. The local pCO2 is one of several potential
indicators of whether or not local blood flow is adequate for local tissue needs.
(b) Myogenic Hypothesis
According to this, the rise of intra-vascular pressure
causes vasoconstriction [17, 18] because stretching of
the vessel wall is counteracted by vasoconstriction in
the arterioles. The myogenic response is inhibited by
calcium-channel inhibitors [19]. Endothelial derived
vasoactive agents (discussed below) are thought to be
most probably responsible for initiating the myogenic
contraction [20–22].
(c) Neurogenic Hypothesis
We do not have much evidence of this in the ONH,
since vessels in the retina and ONH have no autonomic nerve supply but still have autoregulation. The
choroid, by contrast, is richly supplied by the autonomic nerves [23–39] and yet has no appreciable
autoregulation.

Blood Flow Autoregulation in the ONH
Early studies found no evidence of it [40, 41], but subsequent experimental and clinical studies have demonstrated efficient autoregulation in the normal ONH and
its derangement in different conditions [26, 42–57]. It
is generally believed that the choroidal vascular bed
(which, like the ONH, is also supplied by the posterior
ciliary arteries) has no autoregulation [25, 29, 33, 40,
58–61]; however, some authors have claimed that
choroidal autoregulation was found in rabbits [62],
pigeons [63] and rats [64]. It is well-established that
the retinal blood flow has an efficient autoregulation
[26, 29, 33, 34, 40, 59, 60, 65–67]. Thus the evidence
shows that blood flow in both the retina and ONH has
autoregulation.

The Range of Perfusion Pressure over
Which ONH Autoregulation Operates
As discussed above, autoregulation operates only
over a critical range of perfusion pressure, so that
with a rise or fall of perfusion pressure beyond the

Blood Flow Autoregulation in the ONH

critical range, the autoregulation becomes ineffective
and breaks down (Fig. 5.1); under those circumstances
the blood flow is directly proportional to the perfusion
pressure. Thus, it is essential to remember that autoregulation does not protect the ONH blood flow at all
times. The range has been investigated by a number of
studies [26, 43, 46, 47, 52, 68]. In normal monkeys,
autoregulation in the ONH has been reported to be normal at perfusion pressure of ³30 mmHg by Bill and
co-workers [46, 52] and >50 mmHg by Ernest [43],
but it definitely breaks down below 30 mmHg [68]; in
normal cats it has been reported to break down at
25 mmHg perfusion pressure [47]. In old, atherosclerotic rhesus monkeys ONH autoregulation was already
defective at 30–35 mmHg perfusion pressure [69].

Breakdown of Blood Flow Autoregulation
in the ONH
(i) Level of Perfusion Pressure at which Auto
regulation Breaks Down
The level of perfusion pressure below which autoregulation in the ONH breaks down has been reported variably in different experimental studies, varying from 15
to 30 mmHg in young healthy animals [26, 43, 44, 46,
47, 52, 56, 57]. But this level may be very different in
persons with various cardiovascular disorders, from
that in normal, healthy individuals. As mentioned
above, in old, atherosclerotic rhesus monkeys ONH
autoregulation was already defective at 30–35 mmHg
perfusion pressure [69].
(ii)	Causes of Derangement of the ONH Auto
regulation
This may occur due to many systemic and local causes,
including the aging process, arterial hypertension
(Fig. 5.2), diabetes mellitus, marked arterial hypotension from any cause, arteriosclerosis, atherosclerosis,
hypercholesterolemia, vasospasm and probably
regional vascular endothelial disorders [69–72]. It is
also possible that many more, as yet unknown, causes
can derange the autoregulation, and possibly some
persons are born with defective autoregulation – like,
perhaps, those patients who suffer from orthostatic
arterial hypotension for no apparent reason.
(a)	 Arterial Hypertension: Arterial hypertension
causes derangement of blood flow autoregulation
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Perfusion Pressure
Fig. 5.2 A diagrammatic representation of blood flow autoregulation range at different perfusion pressures in normal persons
and in hypertensives (Hyperten). “Absent” and “present” denote
absence or presence of the autoregulation (Reproduced from
Hayreh [3])

(Fig. 5.2). The subject is discussed in detail in the
section dealing with arterial hypertension below.
(b) Vascular Endothelial Vasoactive Agents: Recent
studies have shown that these agents play an
important role in modulating the local vascular
tone and most probably also in blood flow autoregulation (see below).
(c)	Other Causes: There may well be other, undiscovered causes of derangement of the autoregulation
in the ONH. We still have much to learn.

Role of Deranged ONH Blood Flow
Autoregulation in ONH Ischemic Disorders
Autoregulation of blood flow in the optic nerve plays
an important part in the development of ONH ischemia, including non-arteritic anterior ischemic optic
neuropathy and glaucomatous optic neuropathy. In
non-arteritic anterior ischemic optic neuropathy, in
spite of the presence of autoregulation normally, the
ONH develops it because of a transient fall in perfusion pressure during sleep [73]. This suggests that
defective autoregulation of the blood flow in the ONH,
caused by a fall of blood pressure below a critical level,
may be partly responsible for the development of nonarteritic anterior ischemic optic neuropathy. Similarly,
it is well-established that the vascular bed in the central nervous system normally has very efficient autoregulation; in spite of that, in the brain, development of
transient ischemic attacks or ischemic lesions in the
event of a fall of perfusion pressure is well-known.
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Thus, evidence is accumulating from both clinical
and experimental studies that although autoregulation
normally controls blood flow in the ONH, it can become
defective under certain conditions. An ONH with poor
autoregulation is at much greater risk of developing
ischemic damage than one with efficient autoregulation. Therefore, it would seem reasonable that derangement in the autoregulation of the ONH may play an
important role in the ischemic damage to the ONH seen
in non-arteritic anterior ischemic optic neuropathy as
well as in glaucomatous optic neuropathy. There are,
however, still many unanswered questions on this topic.
Unfortunately, so far, we do not have a clinical method
to evaluate in man ONH autoregulation of blood flow.

Endothelial Derived Vasoactive Agents
From the vasomotor and blood flow point of view, one
of the most important discoveries has been the characterization of the role of various endothelial derived
vasoactive agents. These agents are formed by vascular endothelium.

The Various Known Endothelial Derived
Vasoactive Agents
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(d)	Renin-angiotensin System: has an important role
in the control of arterial BP. It has been shown that
this system also exists in the vessel wall and plays
a significant part in vasomotor control [78–82].
Angiotensin-1 can be synthesized by endothelial
cells and is converted to angiotensin-2 (a powerful vasoconstrictor) by angiotensin converting
enzyme (ACE) in the endothelial cells. ACE
also inactivates bradykinin which stimulates the
release of nitric oxide and prostanoids. Thus, an
ACE-inhibitor would decrease angiotensin-2 as
well as increase bradykinin activity, the latter
resulting in increased formation of endothelial
derived relaxing factors – both mechanisms causing vasodilatation.
(e)	Vascular Endothelial Growth Factor (VEGF):
A tremendous amount of literature has accumulated on this over the recent past. Its role in the
development of neovascularization is well known.
In ischemia/hypoxia, there is increased production
of VEGF. There is evidence to suggest that VEGF
causes increased vascular permeability. This subject is discussed briefly in Chap. 4.
(f)	Mechanosensors: Endothelial cells not only regulate vasomotor function by the various endothelial
derived vasoactive agents but also can function as
mechanosensors and can transduce the mechanical signals produced by the physical force of blood
flow into a biochemical signal to which the vessel
can respond [22]; this may be responsible for flow
dependent changes in circulation.

These are prostanoids, nitric oxide, endothelins, angiotensins, oxygen free radicals, smooth muscle cell
hyperpolarization, thromboxane A2 and other agents
[74–77].

Causes of Abnormalities of Endothelial
(a)	Prostanoids: consist of prostacyclin (a vasodila- Derived Vasoactive Agents
tor), and antiplatelet aggregator and profibrinolytic
agents.
(b)	Nitric oxide: is the “endothelial derived relaxing
factor” and is synthesized from L-arginine by nitric
oxide synthetase; the latter’s activity is modulated
by Ca2+ influx into the cell.
(c)	Endothelins: are the most potent vasoconstrictors
and comprise endothelin-1, -2 and -3, which act
via the endothelin receptors A and B. Endothelin
receptor A is found on the vascular smooth muscle
and B on the vascular endothelial cells. One of the
ways the endothelin receptor A mediates vasoconstriction is by increased influx of calcium ions.

Pathophysiologic alterations in endothelial cell structure and/or function occur in most major cardiovascular diseases [77]. For example, endothelial changes are
seen in atherosclerosis (see below), arterial hypertension [83–85], diabetes mellitus [86, 87], ischemia [88–
90], and cardiovascular diseases [77]. Available data
suggest that essential hypertension decreases production of whole-body nitric oxide below the basal conditions [85]. Ischemia impairs production of nitric oxide
by the endothelial cells [88–92] and may also bring on
vasospasm by increased formation and binding of
endothelin [93–95]. It has been shown that when the
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arterial oxygen falls to a critical level, the endothelial
cells stop production of endothelial-derived relaxing
factor, resulting in vasoconstriction [96, 97].

Role of Endothelial Derived Vasoactive
Agents in Regulation of Blood Flow
Vascular endothelium plays an important and dynamic
role in vasomotor function of both macro- and microvasculatures, including maintenance of vascular tone
and regulation of blood flow, and it also regulates platelet function, coagulation and vascular growth [77].
Vascular tone depends upon a balance between the
endothelial vasodilators (e.g., nitric oxide) and vasoconstrictors (e.g., endothelin) (Fig. 5.3), so that reduced
formation of vasodilators results in vasoconstriction
and vice versa. Therefore, endothelial cells play an
important role in modulating the microvascular tone
and blood flow autoregulation. In addition to vasomotor function, endothelium also plays a role in regulation of fibrinolysis, because plasminogen activators
and inhibitors are synthesized by the endothelium [98,
99], and in thrombus formation by affecting the platelet aggregation, adhesion and other properties through
prostacyclin, nitric oxide and other agents [77].

Atherosclerosis and Endothelial Derived
Vasoactive Agents
Atherosclerosis is a common cause of ischemic disorders in the body, including the eye and ONH. In atherosclerosis, endothelial dysfunction probably plays a
critical role in vasomotor dysfunction [100, 101].
Vasodilator

Vasoconstrict

Nitric oxide

Endothelin-1
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Endothelial dysfunction appears to have several causes
and effects, including the following:
(a)	There is defective dilation of the atherosclerotic
arteries [102–105], even though the endothelium
is intact, which may contribute to increases in
vasoconstrictor response.
(b)	Vasodilatation in response to vasoactive products
released by activated platelets is attenuated or
reversed to vasoconstriction [106]; impaired
endothelium-dependent relaxation of atherosclerotic arteries may contribute to augmented vasoconstriction by serotonin released by platelet
aggregation on atherosclerotic plaque.
(c)	Increased destruction of nitric oxide may play an
important role in impairment of endotheliumdependent relaxation in atherosclerotic arteries
[107]; thus, in atherosclerosis nitric oxide formation may be normal or even increased [107a] but
increased degradation of nitric oxide may result in
impaired vasodilation.
(d)	Although atherosclerotic lesions are confined to
arteries, abnormal endothelial function is also seen
in microcirculation in atherosclerotics [108].
(e)	Nitric oxide reduces adherence of platelets and
leukocytes to endothelium [109] but, in atherosclerotic arteries, reduced formation or increased
destruction of nitric oxide by the dysfunctional
endothelium may increase adherence of platelets
and consequently increase release of serotonin.
There is also evidence that changes in the smooth muscles of atherosclerotic arteries play a role in vasomotor
dysfunction.
(a)	They make them less responsive to nitric oxide,
which increases vasoconstriction [107].
(b)	They cause a modest nonspecific increase in
responses to several vasoconstrictor agents, including thromboxane and endothelin-1.
(c)	They produce a marked increase in the vasoconstrictor effect of serotonin [101, 110, 111].

Role of Endothelial Derived Vasoactive
Agents in ONH and Ocular Ischemic
Disorders
Fig. 5.3 A diagrammatic representation of a balance between
the endothelial vasodilators (nitric oxide) and vasoconstrictors
(endothelin) modulating the local vascular tone

As far the ocular vascular bed is concerned, Bill [24]
recognized that nitrovasodilators act as vasodilators in
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the eye. Nitric oxide is released in the ONH and retina.
It is released from the endothelial cells of the blood
vessels [112, 113], and in the retina by bipolar cells
[114], amacrine cells [115] and ganglion cells [116]. A
number of studies have reported the important role
played by endothelin-1 and nitric oxide in modulating
the local vascular tone and regulating blood flow
(Fig. 5.3) in the ophthalmic, posterior ciliary and retinal arteries and retinal and ONH vessels [39, 70, 117–
126]; angiotensin-2 has been reported to cause
contraction of isolated human posterior ciliary arteries
[127]. In larger ophthalmic vessels this is due to their
effect on vascular smooth muscle cells and in small
vessels by their effect on pericytes. Meyer et al. [122]
reported that in isolated ciliary arteries of pig local
anesthetics impair endothelial formation of nitric oxide
from l-arginine after stimulation with bradykinin; the
authors postulated that local anesthetic drugs interact
with vascular endothelium and cause endothelial dysfunction. Ferrari-Dileo et al. [128] showed the presence of angiotensin-2 binding receptors in cat retinal
arterioles and ONH capillaries and hypothesized that
microvascular tone and perhaps autoregulatory
responses of ONH capillaries might be influenced by
vasoactive substances, such as angiotensin-2, either
leaking from the choroid or locally synthesized.
Studies suggest that nitric oxide in the choroid may
maintain basal blood flow [39, 125]. Arteriosclerosis,
hypercholesterolemia, aging, arterial hypertension,
diabetes mellitus, ischemia and other so far unknown
causes in the regional ocular and ONH vessels may be
associated with abnormalities in production of endothelial derived vasoactive agents, thereby influencing the
vascular resistance and blood flow in the ONH [70].
Neufeld et al. [129] reported their findings on the distribution of three types of nitric oxide synthase (an
enzyme involved in synthesis of nitric oxide) in normal and moderately to markedly glaucomatous ONHs.
All three isoforms of nitric oxide synthase were present in increased amounts in the glaucomatous ONH.
The authors postulated that the increased presence of
nitric oxide synthase-1 and the induction of nitric oxide
synthase-2 in astrocytes of the lamina cribrosa suggest
that the glaucomatous ONH is exposed to excessive
levels of nitric oxide which may be neurodestructive to
the axons – or, conversely, the increased amount of
nitric oxide synthase-3 in vascular endothelial cells
may be neuroprotective, causing vasodilatation and
increased blood flow in the tissue. Histochemical
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studies in glaucomatous optic neuropathy have shown
the presence of many neurochemical agents; however,
whether all those are the cause or effect of the neural
damage in the ONH still remains to be seen.
It has been postulated that an imbalance of endo
thelium-derived relaxing (nitric oxide) and contracting (endothelin-1) factors (Fig. 5.3) may be important
for the development of ocular vascular complications
seen in diabetes mellitus, arterial hypertension, hyperlipidemia, arteriosclerosis and ischemia. Our studies on
hypertensive optic neuropathy [71] and choroidopathy [130] support the finding that vascular endothelium damage does occur in arterial hypertension.
In our studies in atherosclerotic monkeys, serotonin
(5-hydroxytryptamine) caused vasoconstriction resulting in transient occlusion or impaired blood flow in the
central retinal artery and/or posterior ciliary artery [131,
132]. We speculated that it is likely that platelets adhere
to and aggregate on atherosclerotic plaques and release
their vasoactive materials, including serotonin, and that
the released serotonin triggers vasoconstriction by its
action on the smooth muscles of atherosclerotic arteries; this serotonin-induced vasoconstriction may play
an important role in the development of ischemic disorders of the retina and ONH in atherosclerosis. In our
atherosclerotic study, stopping the atherogenic diet
abolished or markedly improved the serotonin induced
vasoconstriction within a few months.

Experimental Endothelin-1 Studies
Cioffi and co-workers have investigated the effect of
perineural chronic infusion of endothelin-1 on the
anterior optic nerve in rabbits and rhesus monkeys
[133–136]. They found that there was a dose-dependent vasoconstriction with chronic local application of
endothelin-1, associated with a significant (p = 0.015)
decrease in blood flow, increased optic disc cupping in
rabbits, and diffuse loss of axons in monkeys. Oku
et al. [137] injected endothelin-1 into the posterior vitreous twice weekly for 4 weeks in seven rabbit eyes
and found reduction of blood flow, enlargement and
excavation of the optic disc cup, and significant reduction of visual evoked potential. The IOP was normal in
all these studies, showing that optic disc cupping can
develop at normal IOP when the ONH is subjected to
chronic ischemia. Ota and Oku [138], in acute studies
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in rabbits, similarly injected endothelin-1 in the vitreous and found that that induced reduction of visual
evoked potential which was reversed by intravenous
nicardipine (a calcium-channel blocker). They concluded that endothelin -1 regulates microcirculation by
modulating Ca2+ channels and nicardipine blocks the
effect of endothelin-1. Nishimura et al. [139] injected
endothelin-1 into the vitreous of cats and reported a
dose-related, sustained decrease in the ONH blood
flow; endothelin-1 injected intravenously, however,
produced a brief dose-related increase in the blood
flow. They concluded that different populations of
endothelin receptors on vascular smooth muscles or
endothelial cells would reflect the opposing effects.
Thus it seems that unless endothelin-1 reaches the vascular smooth muscles of the ONH vessels, it cannot
produce the vasoconstriction attributed to it.

Arterial Blood Pressure
As mentioned earlier, one of the factors which determine the ONH blood flow is the perfusion pressure in
the ONH vascular bed, and perfusion pressure in turn
depends primarily upon the arterial BP. Clinically, the
BP is measured in the brachial artery; however, it is the
BP in the ONH vessels (particularly the capillaries) that
is relevant for ONH blood flow. We [140] measured, by
direct cannulation of the vessels, the BP in the ophthalmic artery and in the aorta in normal, healthy, adult rhesus monkeys simultaneously, and regression equations
were computed to calculate the ophthalmic artery pressure from the aortic BP. These were as follows:
Systolic ophthalmic artery pressure = 0.80 × systolic
aortic BP –8.63 (SE 3.8) mmHg
Diastolic ophthalmic artery pressure = 0.80 × diastolic
aortic BP + 6.95 (SE 3.4) mmHg
If there are vascular changes in the arteries feeding the
ONH circulation, i.e. in the internal carotid artery, ophthalmic artery and posterior ciliary arteries and/or smaller
vessels in the ONH itself (produced by vasospasm, arteriosclerosis, atherosclerosis, vasculitis, drug-induced
vasoconstriction or dilation, or other systemic and cardiovascular diseases), then the BP in the ONH capillaries
would be much lower than that in the ophthalmic artery
in normal healthy monkeys. Thus, it is important to realize that clinical BP measurement in the brachial artery
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very much over-estimates the actual BP in the ONH
vessels and capillaries. There is a fast drop in BP along
the small arteries and arterioles, and a continued decrease
as the blood moves through the capillaries.
Both arterial hypertension and hypotension can
influence the ONH blood flow in a number of ways.

Arterial Hypertension
Both chronic hypertension and malignant hypertension can interfere with the ONH blood flow. Blood
flow in the ONH may be altered by a number of mechanisms in these patients, including the following.
1.	Secondary Changes in Blood Flow Auto
regulation
Arterial hypertension can interfere with the normal
autoregulation of the blood flow. This may be due to
the following mechanisms:
(a)	Due to Abnormalities in Endothelial Derived
Vasoactive Agents
Arterial hypertension produces endothelial abnormalities, and those can cause abnormalities in the production of endothelial derived vasoactive agents,
particularly reduced production of nitric oxide. Vascular
tone depends upon the balance between the vasoconstrictor (endothelin) and vasodilator (nitric oxide) (see
above). Decreased production of nitric oxide upsets the
balance, so that the vasoconstrictor endothelin becomes
overactive and results in vasoconstriction (Fig. 5.3).
That in turn would result in increased vascular resistance and deranged autoregulation of blood flow.
(b)	Due to Hypertension-Induced Adaptive Changes
in Blood Flow Autoregulation
In accelerated or malignant arterial hypertension, when
the BP suddenly goes above the autoregulation range, it
produces vascular damage, e.g., hypertensive fundus
changes [141, 142] and hypertensive encephalopathy.
However, if the BP rises less rapidly, there is ample evidence that the various circulatory systems in the body
with autoregulatory mechanisms, e.g., cerebral circulation [143–151a] and coronary circulation [152], show an
adaptive phenomenon, wherein the range of autoregulation shifts to a higher level than in normal persons
(Fig. 5.2). This adaptation improves a person’s tolerance
of high BP but at the same time makes the individual less
tolerant of low BP. There are a number of reports in
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which patients with malignant hypertension, who had
their BP lowered precipitously to prevent severe neurological and cardiovascular complications, suffered
immediate and permanent blindness or severe visual loss
from non-arteritic anterior ischemic optic neuropathy
[153–157]. This is fairly good proof that the autoregulatory mechanism in the ONH is deranged in hypertension
[71]. The same holds true for the coronary circulation; a
marked fall of BP in hypertensives during sleep can precipitate myocardial ischemia, particularly in patients
with obstructive coronary artery disease [152]. Alderman
et al. [158] found that a large reduction in BP (³18 mmHg)
induced by treatment of hypertension showed a relationship with development of myocardial ischemia. This is
further suggested by recent studies which have shown
that when arterial hypertensives are treated with antihypertensive agents, lowering BP below a critical level
increases cardiac mortality and morbidity. For example,
the rate of cardiac events at 75 mmHg diastolic BP is
twice than that at 85 mmHg [159]. Similarly, in our 24-h
ambulatory BP monitoring studies we found that hypertensives on oral arterial hypotensive therapy (with betablockers, calcium-channel blockers, ACE inhibitors and
other hypotensive drugs) showed a significant association between progressive visual deterioration and nocturnal hypotension, particularly in patients with
non-arteritic anterior ischemic optic neuropathy [160,
161]. Thus, nocturnal arterial hypotension in hypertensives could contribute to cardiac, cerebral and ONH
ischemia because of defective autoregulation produced
by hypertension in these organs.
(c) Due to Direct Effect of Vasoconstrictor Agents
on the ONH Blood flow
Malignant arterial hypertension can interfere directly
with the autoregulation of the ONH blood flow by the
following mechanism. As discussed in Chap. 4 and 14,
angiotensin and other circulating vasoconstrictor
agents in malignant arterial hypertension leak out of
the choriocapillaris into the choroidal extravascular
tissue fluid. These vasoconstrictor agents can interfere
with the ONH blood flow by two mechanisms.

adjacent ONH and cause vasoconstriction by their
direct action on the ONH vessels (discussed in
detail elsewhere [71]).

(i) These agents, by their direct action on the peripapillary choroidal vessels, produce vasoconstriction
in those vessels [130]. As previously emphasized
(see Chap. 3), the peripapillary choroid is an
important source of blood supply to the ONH, so
that vasoconstriction of the peripapillary choroidal
vessels would reduce the ONH blood flow.
(ii) The vasoconstrictor agents also seep directly from
the peripapillary choroidal tissue fluid into the
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2. Increased Vascular Resistance in Terminal
Arterioles
This is the basic pathology in arterial hypertension
and it reduces the blood flow in the capillary bed.
3. Secondary Hypertensive Vascular Changes
These changes make the ONH vascular bed more vulnerable to circulatory disorders. As discussed above,
arterial hypertension has also been shown to produce
vascular endothelial abnormalities and consequently
abnormalities in the formation of vascular endothelial
vasoactive agents.

Arterial Hypotension
In an ONH with defective autoregulation, a fall of BP
below a critical level must decrease its blood flow
(Fig. 5.1). A fall of BP in the ONH may be due to systemic or local hypotension.
1. Systemic Arterial Hypotension
Common causes of this are physiological arterial
hypotension during sleep (i.e. nocturnal arterial
hypotension) [3, 160–162] and intensive antihypertensive medication in hypertensives (with beta-blockers,
calcium-channel blockers and/or ACE inhibitors [3,
161, 163, 164], and other arterial hypotensive drugs);
less common causes include massive blood loss or
shock [165]. Recent studies have shown an association
between nocturnal arterial hypotension and glaucomatous visual loss, an ONH ischemic disorder [3, 160–
162, 166–170]. Nocturnal arterial hypotension also
plays a role in the development of non-arteritic anterior ischemic optic neuropathy; at least 73% of these
patients discover visual loss on waking from sleep or
first use of critical vision, and the rest were not sure of
the time of onset [73, 132, 171, 172].
2. Local Arterial Hypotension
Instead of or in addition to the systemic arterial
hypotension, there may be a regional fall in the mean
BP in the ocular blood vessels. This may be due to narrowing of the regional arteries, such as the internal
carotid, ophthalmic or one or more of the posterior
ciliary arteries or arterioles supplying the ONH, or a
fall of perfusion pressure locally in the peripapillary
choroid which supplies the ONH. Under such circumstances, brachial BP measurement would grossly overestimate the BP in the ONH vessels.

Arterial Hypotension

Role of Calcium-Channel Blockers
in Glaucomatous Optic Neuropathy
It has been postulated that, in glaucomatous optic neuropathy, vascular insufficiency in the ONH may be due
to vasospasm [173–180] and that calcium-channel blockers, because of their vasodilatory property, may help to
relieve the vasospasm and thereby help to improve the
ONH blood flow [181, 182]. Their use has been advocated in glaucomatous optic neuropathy, particularly in
normal tension glaucoma, and beneficial effects claimed
[183–190]. In this connection there are issues and questions which are relevant to the present discussion and
require careful consideration, including the following:
(a) Is There Evidence of Vasospasm in the ONH in
Normal Tension Glaucoma?
There is little direct evidence of that. The evidence so
far is essentially based on findings of the vasospastic
response of the finger nail vascular bed to cold or the
presence of other systemic vasospastic disorders (e.g.,
migraine) [173–180].
(b) Is There Definite Evidence that CalciumChannel Blockers Increase ONH Blood Flow?
Since we currently have no reliable method to measure
the blood flow in the ONH accurately, in spite of claims
to the contrary [191] (see Chap. 6), we have no credible evidence that calcium-channel blockers actually
increase blood flow in the ONH.
(c) Does Associated Arterial Hypotension Have
Any Adverse Effects on ONH Blood Flow?
It is a well-established fact that calcium-channel blockers lower systemic arterial blood pressure and can also
produce marked nocturnal arterial hypotension [3, 160,
161, 164] which adversely affects the blood flow in the
ONH. Nocturnal arterial hypotension is a risk factor in
the development of glaucomatous optic neuropathy
and non-arteritic anterior ischemic optic neuropathy,
as discussed above.
(d) Is There Definite Evidence that CalciumChannel Blockers Help Glaucomatous Optic
Neuropathy?
There are reports in the literature claiming that [183–
190]. At the same time, there are studies which have
found no significant beneficial effect of this therapy in
glaucomatous optic neuropathy [192–194]. I have
tried calcium-channel blocker therapy in normal
tension glaucoma and frequently have had patients
referred to me who had been prescribed calcium-
channel blockers by other ophthalmologists; but not
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only I have not seen any beneficial effect, I have
actually seen marked visual field deterioration with
this therapy. Thus, from my experience, I do not consider this therapy safe and effective for treatment of
glaucomatous optic neuropathy.
(e) Do Calcium-Channel Blockers Have Any
Serious Systemic Side-Effects?
Nifedipine, a calcium-channel blocker, has been
advocated for glaucomatous optic neuropathy. Studies
have raised concerns about the safety of calcium-
channel blockers, particularly short-acting dihydropyridine derivatives, e.g., nifedipine and isradipine
[195, 196]. These concerns include the following:
(i)	In a large case-control study of hypertensive
patients treated with nifedipine, verapamil or
diltiazem there was an increased incidence of
myocardial infarction as compared to those
treated with either beta-blockers or diuretics
[197]. Similarly, Borhani et al. [198] in a large
randomized controlled clinical trial found a
higher incidence of major vascular events (e.g.,
myocardial infarction, stroke, congestive heart
failure, angina, and sudden death) with the calcium-channel blocker isradipine (5.65%) as compared to hydrochlorothiazide (3.17%) and a
significant increase in non-major vascular events
and procedures (e.g., transient ischemic attacks,
dysrhythmia, aortic valve replacement and femoral popliteal bypass graft) – 9.05% vs. 5.22%.
(ii) Calcium-channel blockers have also been shown
to be associated with increased incidence of perioperative [199] and gastrointestinal bleeding
[200–202] because of their antiplatelet aggregation effect.
(iii) In elderly patients treated with calcium-channel
blockers (particularly nifedipine), the rate of
development of cancer has been reported as significantly greater than with beta-blockers or ACEinhibitors [201–203].
(iv) Proptosis and periorbital edema have also been
reported as side-effects of calcium antagonists
[204], and these could adversely affect the ONH
circulation by direct compression.
In conclusion, in view of all these considerations, contrary to the claims made by some authors [183–190],
there seems no definite evidence to support the contention that calcium-channel blockers are a safe and effective therapy for the management of glaucomatous optic
neuropathy.
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Intraocular Pressure
As discussed above, perfusion pressure plays an important role in determining the ONH blood flow; the perfusion pressure is equal to mean BP minus IOP. Thus,
there is an inverse relationship between IOP and perfusion pressure in the ONH – the higher the IOP, the
lower the perfusion pressure and consequently the
lower the blood flow in the ONH, if the autoregulation is defective. Normally the magnitude of fluctuations in mean BP is many times greater than of those in
the IOP; hence, for any significant change to occur in
the perfusion pressure and the ONH blood flow, mean
BP is comparatively a much more important factor
than the IOP. A much larger rise in IOP would be
required to interfere significantly with the ONH blood
flow in healthy persons (with normal BP and autoregulation) than in persons with arterial hypotension, defective autoregulation or other vascular risk factors; in the
latter, even “normal” IOP may interfere with the ONH
blood flow. That may be of importance in the pathogenesis of glaucomatous optic neuropathy, particularly
normal tension glaucoma [160, 161].
A number of factors produce a short-term rise in
IOP. Those include the following:
1. Body Position
IOP is elevated by a supine position [205–211], usually 3–4 mmHg [206, 207, 209]. Anderson and Grant
[208] found considerable inter-individual variation in
the rise of IOP in a recumbent position compared to
sitting; there was no change in 30%, 1 mmHg rise in
22.6%, 2 mmHg rise or fall in 87% and more than
2 mmHg in 13%. The maximum rise was 11 mmHg
and maximum fall 8 mmHg; IOP changes were greater
in glaucoma patients on therapy than in those not on
therapy. Tsukahara and Sasaki [210] found a mean
difference in IOP between sitting and supine positions
in normal persons of 5.6 ± 1.71(SD) mmHg, in glaucomatous optic neuropathy 6.5 ± 2.66 mmHg, and in
normal tension glaucoma 8.6 ± 3.5 mmHg.
2. Circadian Variation in IOP
This is a well established phenomenon; the literature
on the subject has been well reviewed by Zeimer [212].
Available evidence in the literature indicates that
although there is a marked variability in the time of the
day when the IOP peaks, in normal persons it most
often peaks early in the morning and decreases as the
day progresses. I have done the diurnal curve of IOP in
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more than 2,000 persons over the years, recording IOP
every 3 h between 7 a.m. and 10 p.m. with a Goldmann
tonometer, and have found that it is generally highest
early in the morning and lowest late in the evening,
although infrequently other variations are seen. I have
seen patients with IOP almost 100% higher early in the
morning compared to that later on, in the afternoon or
evening. Such a marked circadian change of IOP may
be completely missed on routine clinic visits.
3. Sleep
A number of studies have investigated the effect of sleep
on the IOP and have found IOP higher during sleep than
during waking hours [213–216]. Brown et al. [214]
found that IOP was significantly higher during sleep
than during wakefulness; it was 3.45 mmHg higher
after 30 min sleep, increasing thereafter to 6.41 mmHg
above baseline after sleep up to 4 h. Buguet and Romanet
[216] also found that IOP was significantly lower during the day than at night – the rise was sharp at onset of
sleep in young persons but in the elderly population the
increase in IOP was more gradual throughout the night.
Day and night variation in IOP was significantly related
to the state of sleep/wakefulness. IOP was lower during
wakefulness than during light sleep, slow-wave sleep
and rapid eye movement (REM) sleep. There was a significant difference between slow-sleep IOP and REM
sleep IOP. IOP was highest when subjects were awakened from slow-wave sleep which is predominant at the
beginning of the night. IOP during REM sleep was
lower than slow-wave sleep and not related to the eye
movements but most probably to miosis occurring at
that time. Lowest IOP occurred upon awakening from
REM sleep. Wildsoet et al. [215] found that the amount
of rise in IOP during sleep was reduced by sleeping in
bright light as compared to sleeping in the dark.
Brubaker [217] found that the rate of aqueous flow
through the anterior chamber is highest during morning
hours, slightly lower during the afternoon, and the rate
during sleep is approximately one half of that during the
morning. The exact mechanism of the circadian variation in the IOP still remains unclear, but it has been
found to be independent of the rise due to a supine
position; it has been speculated that it is due to plasma
cortisol level, melatonin level or other autonomic or
humoral mechanisms.
The recurrent spikes of raised IOP above normal
levels during sleep (due to supine position and also sleep)
may be completely missed during routine clinic visits.
During sleep, this rise of IOP and concurrent

Resistance to Blood Flow

development of nocturnal arterial hypotension is a
dangerous combination, resulting in marked fall of
perfusion pressure in the ONH. This may constitute an
important hidden risk factor for ONH ischemia in vulnerable ONHs. This is further suggested by the development of non-arteritic anterior ischemic optic neuropathy
during sleep in at least 75% of cases [73]. This mechanism may also play an important role in the pathogenesis
of glaucomatous optic neuropathy and its progression.
From time to time, it has been claimed or implied
that some of the topically applied ocular hypotensive
drugs (e.g., selective or non-selective beta-blockers,
alpha agonists, carbonic anhydrase inhibitors, etc.)
influence the ONH blood flow by direct ocular penetration and effect on the ONH blood vessels. However, it is
important to bear in mind that drugs instilled in the conjunctival sac cannot reach the ONH by direct penetration (despite claims to that effect in the literature), and
therefore there is no scientific basis for the assumption
that they have a direct action on the ONH or its circulation (see below). Some of the drug may be absorbed
into the systemic circulation and indirectly influence the
ONH circulation; for example, our study showed that
persons using topical beta-blocker eye drops developed
a significantly greater percentage drop in systemic diastolic BP at night (p = 0.028), lower minimum nighttime
diastolic BP (p = 0.072), and lower minimum nighttime
heart rate (p = 0.002) than those not using them [218].

Resistance to Blood Flow
This is perhaps the most important of the three factors
that influence the blood flow in the ONH, according to
the available information. According to Poiseuille’s
Law, the resistance to flow is directly proportional to
blood viscosity, the length of vessel, and inversely proportional to the fourth power of the radius of the vessel.
The radius is a critical factor in determining resistance
because of its geometrically disproportionate influence. Therefore, the factors that can influence resistance to blood flow in the ONH include the following:
1.	The State and Caliber of the Vessels Feeding
the ONH Circulation
As discussed in Chap. 3, the ONH capillary bed is supplied by the posterior ciliary artery circulation.
Available evidence indicates that in general terminal
arterioles (of short posterior ciliary arteries in this
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case) regulate the blood flow to the capillary bed by
altering their caliber. Anderson and his colleagues
have discussed the role of pericytes in regulation of
the blood flow in the retina [4, 5]. There are many
factors that influence the caliber of the feeding vessels,
including the following:
(a)	Blood Flow Autoregulation: Its role in influencing the caliber of the blood vessels in the ONH is
discussed above in detail.
(b)	Endothelial Derived Vasoactive Agents: From the
vasomotor and blood flow point of view these
agents play a very important role. This subject has
been discussed in detail above.
(c)	Vascular Changes in the Arteries Feeding the
ONH Circulation: Although the size of the lumen
of the pre-capillary arterioles – the primary resistance vessels – is thought to be the main factor normally determining the vascular resistance to blood
flow, arterial changes altering the vascular resistance in the internal carotid artery, ophthalmic
artery and posterior ciliary arteries and/or smaller
vessels in the ONH itself may be produced by
vasospasm, arteriosclerosis, atherosclerosis, vasculitis, drug-induced vasoconstriction or dilation, and
a host of other systemic and cardiovascular diseases. As discussed above, recent evidence suggests that pericytes in the capillaries may also play
a role in regulation of blood flow, so pericyte abnormalities may likewise influence the blood flow.
2. Rheological Properties of the Blood
These are influenced by a large variety of hematologic
disorders, particularly those causing increased blood
viscosity. Many studies have shown an association
between glaucomatous optic neuropathy and abnormalities in blood rheology [219–224].
3.	Miscellaneous Experimental Vasomotor
Studies
Flicker has been shown to increase the release of
nitric oxide in the retina [225]. In monkeys, flicker
increased glucose consumption in the inner retina and
optic nerve, most likely by increasing neuronal activity [33, 68, 226] Kondo et al. [226] found that, in
anesthetized cats, flickering light increased blood
flow in the retina and ONH by 39% and 256% respectively, and the authors concluded that nitric oxide
release may mediate much of the vasodilation effect
of flicker and play a role in maintaining normal
vascular tone in the ONH.
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Anderson and his group [227, 228] studied, by
in vitro testing, the possible role of pericytes in vasomotor function. Ferrari-Dileo et al. [227] tested in cultured bovine retinal vascular pericytes the potential for
vasoactive neuropeptide receptors to affect capillary
resistance. They found that circulating or locally produced vasoactive neuropeptides might affect pericyte
contractile tone, with the net effect on local blood flow
resulting from the effects on arteries and veins as well
as capillaries. Zschauer et al. [228] reported that isoproterenol produced relaxation of pericytes in a dosedependent manner, and low concentrations of the
nonselective beta-blockers Propranolol and Timolol
blocked the relaxation produced by isoproterenol. By
contrast, Atenolol and Betaxolol, as relatively selective beta 1-adrenergic blockers, had no effect on the
isoproterenol-induced relaxation.
The ONH vasomotor properties of various eye drops
used to lower IOP in glaucoma patients have been investigated. Orgül et al. [229] evaluated the in vivo effects of
chronic topical 0.5% apraclonidine hydrochloride (an
alpha-adrenoreceptor agonist) in rabbits, and found no
observable ONH vasomotor effects. Bhandari et al.
[230] studied the in vivo effects of long-term application of brimonidine (an alpha-2-adrenoreceptor agonist)
on the ONH blood flow in rabbits, and found no effect
on blood flow or vasomotor activity in the ONH. Tamaki
et al. [231], after a 3-week application of topical 0.5%
Betaxolol (a beta1-adrenoceptor antagonist) in the
human, found a clinically insignificant increase in blood
velocity in the ONH. This seems to indicate that none of
these eye drops have any direct effect on the blood flow
in the ONH, and consequently no direct beneficial effect
on the ONH circulation.

Other Factors Influencing the Perfusion
Pressure in the ONH
1. Central Retinal Venous Pressure
The perfusion pressure also depends upon the difference
between the mean arterial BP and the venous pressure in
the ONH vascular bed. The central retinal vein (CRV) is
the main venous channel draining the blood from the
ONH (see Chap. 3). Therefore, theoretically the pressure in the CRV could influence the perfusion pressure
in the ONH. Bito [232] hypothesized “that the size and
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configuration of the venous outflow channel through the
lamina cribrosa is a primary determinant of the extent of
vascular and ultimately neuronal damage that occurs at
a given IOP level in normal-tension and hypertensive
primary open-angle glaucoma.” His entire concept,
however, is purely speculative. For example, the author
states that IOP rise of only a few mmHg in magnitude or
IOP spikes of only a fraction of a minute in duration are
enough to cause permanent axonal damage in the ONH.
As far as I am aware, no scientific evidence supports
that theory, because:
(a) An IOP rise of a few mmHg cannot compromise
the ONH circulation and cause irreversible axonal
damage unless the mean BP is extremely low,
which is never the case in normal tension glaucoma and primary open angle glaucoma.
(b) In our experimental studies on transient acute retinal ischemia in rhesus monkeys, we have shown
that acute ischemia of less than 100 min produces
no demonstrable retinal damage; it takes about 4 h
of ischemia for the retina to suffer total or almost
total irreversible damage [233, 234]. Similarly ganglion cells and other neural elements in the brain
can recover function in many patients with fairly
marked cerebrovascular accidents. It is also known
that axons can tolerate much longer and severer
ischemia than ganglion cells in the entire nervous
system. Thus, permanent axonal damage in the
ONH cannot occur with ischemia of only a fraction
of a minute in duration, as the author speculated.
Cioffi and Van Buskirk [235] put forward an intriguing
concept: that the venous drainage in the prelaminar
region and the peripapillary choroid are in two opposite directions, and in view of that, the “unique solitary
(venous) outflow system” in the ONH may have a role
to play in the ischemic disorders of the ONH. There is
evidence for the first part of the concept, because the
venous drainage of the prelaminar region is centripetal,
into the CRV, while that of the adjacent peripapillary
choroid is centrifugal, into the vortex veins. However,
that is not always the case. There are eyes with a big
peripapillary choroidal vein draining the choroid posteriorly and exiting the eyeball in the peripapillary
region (called the chorio-vaginal veins [236–239])
(Fig. 5.4). Also there is communication between the
CRV and peripapillary choroidal veins in the prelaminar region (Fig. 5.5), which is responsible for development of the commonly seen retinociliary collaterals
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(erroneously called “opto-ciliary shunts”) in eyes with
CRV occlusion (CRVO) (Fig. 5.6).
There are problems with the second part of the concept, i.e. that the two opposite directional forms of
venous drainage in the prelaminar region and peripapillary choroid play a role in the ischemic disorders of
the ONH; these include the following:
(a)	I have prospectively studied in detail on a long-term
basis about 1,000 patients with CRVO and about
200 patients with hemi-CRVO (pathogenetically a
variant of CRVO [241]). If the proposed hypothesis were valid, then most of them should have

Fig. 5.4 Fundus photograph showing the presence of a choriovaginal vein (arrows)

developed ONH ischemic damage because of the
invariable rise in venous pressure in the prelaminar region in these two conditions; however, in
non-ischemic CRVO and hemi-CRVO, there is
never any evidence of ONH ischemia. In the ischemic varieties of CRVO and hemi-CRVO, only a
few of the eyes develop optic disc pallor later in
the course of the disease, and those are the eyes
with extensive retinal ischemic damage with
almost total obliteration of retinal capillaries. In

Fig. 5.6 Fundus photograph of an eye with non-ischemic central retinal vein occlusion showing retinociliary collaterals
(arrows)
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those eyes the optic disc pallor is purely secondary
to the retinal nerve fiber damage from retinal ischemia, and NOT due to primary ONH ischemia.
(b)	Similarly, I have studied prospectively in detail over
1,000 patients with non-arteritic anterior ischemic
optic neuropathy, and none of them showed any
evidence of compromise of the CRV circulation.
(c)	I have also studied a large number of patients with
optic disc edema due to a variety of causes, some
lasting for months, but without any ONH ischemic
damage, in spite of some retinal venous engorgement secondary to compression of the CRV in the
ONH region by marked edema.
(d)	I have performed fluorescein fundus angiography
in all my non-arteritic anterior ischemic optic neuropathy patients, as well as in a large group of
patients with glaucomatous optic neuropathy, and
they have never shown any evidence of compromise of the CRV circulation.
(e)	The authors mentioned a high association between
ocular hypertension/glaucoma and CRVO. That is
correct. In our studies on CRVO, the prevalence of
glaucoma/ocular hypertension was found to be
significantly (P < 0.0001) higher than in the general population [242, 243]. But that is an entirely
different phenomenon, as discussed elsewhere
[244], and has nothing to do with the direction of
the venous drainage or “unique solitary (venous)
outflow system” in the ONH.
Thus, there is little scientifically valid evidence so far
that CRV pressure normally plays any significant role
in the ONH blood flow and in ischemia of the ONH.
This may be because the magnitude of the change in
pressure in the venous circulation is not significant
enough, compared to that in the arterial circulation, to
make any appreciable difference to the perfusion pressure in the ONH.
2.	Location of Posterior Ciliary Artery
Watershed Zone in Relation to the ONH
The presence, location and importance of watershed
zones in the posterior ciliary artery circulation in
relation to the ONH circulation is discussed at length
in Chap. 3 and elsewhere [245, 246]. This an
extremely important subject in any discussion of the
factors influencing the blood flow in the ONH and
ischemic disorders of the ONH. When a tissue is
supplied by two or more end-arteries, the border
between the territories of distribution of any two
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end-arteries is called a “watershed zone”. Watershed
zones between the various cerebral arteries are wellknown, and they are also found in some other organs
having end-arterial systems. The significance of the
watershed zones is that in the event of a fall in the
perfusion pressure in the vascular bed of one or more
of the end-arteries, the watershed zone, being an area
of comparatively poor vascularity, is most vulnerable
to ischemia; this phenomenon is well illustrated by
the development of watershed zone infarcts in the
cerebral cortex.
Since the posterior ciliary arteries and their subdivisions, right down to the terminal choroidal arterioles, are end-arteries in vivo [132, 171, 172, 245,
247–255], they have watershed zones between them
– in both the choroid and the ONH (Figs. 5.7–5.11).
When there are two posterior ciliary arteries (medial
and lateral – Figs. 5.7 and 5.8), the area of the choroid
and ONH supplied by the two shows a marked interindividual variation which results in wide variation in
the location of the watershed zone between the two.
This is particularly important for the ONH because
the watershed zone may pass temporal (Figs. 5.7a and
5.8a) or nasal (Figs. 5.7d and 5.8e) to the ONH, or
pass through only one or the other part of the ONH, or
cover the entire ONH (Figs. 5.7c and 5.8c). When
there are three or more posterior ciliary arteries supplying an eye, the locations of the watershed zones
vary according to the number of the posterior ciliary
arteries and their locations, as shown diagrammatically in Fig. 5.8; this may result in a watershed-zonefilling-defect in the upper or lower half only, depending
upon the artery or arteries involved. The part of the
ONH situated in the watershed zones is most vulnerable to ischemic disorders.

Significance of Watershed Zones
in Ischemic Disorders of the ONH
A filling delay or non-filling represents poor perfusion
pressure in the posterior ciliary arteries supplying that
part of the choroid and the ONH. My studies in eyes
with anterior ischemic optic neuropathy and glaucomatous optic neuropathy have indicated that the location
of the watershed zone determines the vulnerability or
involvement of the corresponding part of the ONH to
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Fig. 5.7 Fluorescein fundus angiograms of four eyes with
AION showing some examples of locations of the watershed
zone (vertical dark bands) in relation to the optic disc. (a) Right
eye with the watershed zone lying temporal to the optic disc.
(b) Right eye with the watershed zone passing through the
temporal part of the disc and adjacent temporal peripapillary

choroid. (c) Left eye with the optic disc lying in the center of the
watershed zone. (d) Left eye with the watershed zone passing
through the nasal part of the disc and adjacent nasal peripapillary choroid. See Fig. 5.8 for a diagrammatic representation of
the patterns (Reproduced from Hayreh [245])

ischemia in the event of a fall of perfusion pressure in
the posterior ciliary arteries or their branches [245, 246].
Chapter 3 gives many fluorescein angiograms to demonstrate this. For example, Fig. 5.10 represents fluorescein fundus angiograms of an eye with normal tension

glaucoma, showing delayed filing of the lower half of
the choroidal watershed zone, with a corresponding cupping of the lower half of the optic disc. Fig. 5.11 shows
a filling defect in the upper half of the watershed zone
and upper half of the optic disc in an eye with arteritic
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Fig. 5.8 Diagrammatic representations of some examples of the locations of the watershed zones between the territories of the usual
two PCAs (one medial and the other lateral) (Reproduced from Hayreh [256])

Fig. 5.9 Diagrammatic representations of some examples of the locations of the borders between the territories of three PCAs (a–d)
in different combinations and of four PCAs (e) (Reproduced from Hayreh [261])
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Fig. 5.9 (continued)

Fig. 5.10 Fluorescein fundus angiogram of right eye with normal tension glaucoma and cupping of the lower half of the optic
disc with corresponding visual field defect. It shows non-filling
of lower half of the watershed zone (arrow) and lower half of the
optic disc. See Fig. 5.9 for a diagrammatic representation of this
type of pattern (Reproduced from Hayreh [245])

anterior ischemic optic neuropathy involving the upper
half of the ONH. Sato et al. [257], based on Indocyanine
green angiography, found that the mean deviation of
visual fields was greater in the eye with a watershed
zone which included a larger part of the ONH than in
the contralateral eye. The opposite was also true; the eye
with the greater mean deviation had a watershed zone
that included a larger part of the ONH. They concluded
that the location of the watershed zone appeared to influence the progress of visual field defect.

Fig. 5.11 Fluorescein fundus angiogram of right eye with
arteritic anterior ischemic optic neuropathy shows a non-filling
of the upper half of the watershed zone (arrow) as well as upper
half of the optic disc (Reproduced from Hayreh [250])

Conclusions
This brief review gives some idea of the great complexity of the blood flow in the ONH and the whole
host of factors influencing it. In ischemic disorders
of the ONH, a large number of systemic and local
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factors acting in different combinations and to different extents may derange the circulation in the ONH.
These risk factors may be classified into two categories: (1) predisposing risk factors which make the
ONH susceptible to ischemia, and (2) precipitating
risk factors which act as the final insult [160, 161,
258]. Available evidence strongly suggests that ONH
ischemic disorders, including glaucomatous optic
neuropathy and non-arteritic anterior ischemic
optic neuropathy, are multifactorial in nature [160,
163, 258–260]. In such a multifactorial scenario, one
set of risk factors may be responsible for ONH ischemia in one case and a totally different set in another,
and a particular risk factor may be present or critical in one case and not in another. Thus, each patient
with glaucomatous optic neuropathy, non-arteritic
anterior ischemic optic neuropathy or other ONH
ischemic disorder may have a unique combination
of systemic and local factors which together produce
ONH ischemic damage; no stereotyping is possible.
Unfortunately, the widespread lack of understanding of the great complexity of ONH blood flow in
health and disease, along with our inability to evaluate the ONH blood flow reliably in vivo (see Chap.
6), has caused much controversy on the subject of
the role of vascular insufficiency in the ONH in
glaucomatous optic neuropathy and with non-arteritic anterior ischemic optic neuropathy.
Acknowledgement A part of this review contains material
from my previous papers on the subject [1, 2].
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Measurement of the Optic Nerve Head
Blood Flow

Ischemic disorders of the optic nerve head (ONH)
constitute an important cause of acute visual loss.
Anterior ischemic optic neuropathy is a well-known disorder belonging to this category. Also, during the past
four decades a large body of evidence has emerged suggesting that vascular insufficiency in the ONH may play
an important role in development of glaucomatous optic
neuropathy [1–11]. Both types of optic neuropathy are
common and cause serious visual loss. All this has naturally resulted in the current major thrust of research to
explore the various aspects of the ONH circulation in
health and disease. To understand the mechanism and
management of ischemic disorders of the ONH, the first
essential is to be able to evaluate reliably the state of the
circulation in the ONH, clinically and in experimental
studies. To achieve that, one has to have a reliable method
of measuring the blood flow in the ONH. With the
increased awareness of the role of vascular insufficiency
in the ONH, particularly in glaucomatous optic neuropathy, there has recently been a great surge of interest in
measuring the blood flow in a eye and ONH and, consequently, a search for methods to evaluate reliably the
state of circulation in the ONH, both clinically, in patients
with anterior ischemic optic neuropathy and glaucomatous optic neuropathy, and experimentally, in related
basic studies. Many innovative and diverse techniques
have been used. Following is a list of the main various
methods employed or advocated in the literature:
C-2-deoxyglucose (2-DG) method
Color Doppler imaging
Fluorescein fundus angiography
Heidelberg retina flowmeter
Hydrogen clearance method
Iodoantipyrine autoradiography
Laser Doppler flowmetry
Laser speckle flowgraphy
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Laser Doppler velocimeter
Magnetic resonance imaging
Microsphere method
Morphological studies
Nonradioactive colored microspheres
Oxygen tension method
Pulsatile ocular blood flow
Scanning laser Doppler flowmetry
Scanning laser fluorescein angiography
Temperature measurement
Transcranial Doppler ultrasound
Some of these techniques have been used only in
humans, others only in experimental animals, and still
others in both. The literature is full of studies on these
various methods. Before accepting the data derived
from these techniques, the first essential is to assess
their validity and the limitations of each method.
Reproducibility of findings of a method of testing
ONH blood flow has often been considered a proof of
its reliability; however, that is not necessarily always
valid. This is because, if a method is providing invalid
information in the first place, the reproducibility of the
same invalid information does not make it a valid
method to evaluate ONH blood flow. Moreover, some
of the methods used to evaluate circulation in other
organs are unthinkingly applied to the ONH when in
fact the patterns of circulation and the tissue structure
of those organs have nothing in common with the
ONH. The information from such studies does not necessarily enhance our understanding of the ONH blood
flow in health and disease, or ultimately, ischemic disorders of the ONH. All this has introduced a good deal
of confusion and controversy on the ONH blood flow
and our understanding of ischemic disorders of the
ONH. In view of this, accurate measurement of ONH
blood flow is an extremely important subject.
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All those who design, use or interpret the findings
of methods used to evaluate the ONH blood flow to
investigate ischemic disorders of the ONH, have to be
aware first and foremost of the following crucial fact
about the blood supply of the ONH:
The ONH is supplied by two totally different
sources – the surface nerve fiber layer (i.e. surface
layer of the optic disc) is supplied primarily by the
retinal arterial circulation, and the deeper parts (i.e.
prelaminar, lamina cribrosa and retrolaminar
regions) are supplied mainly by the posterior ciliary
artery (PCA) circulation (see Chap. 3; Figs. 6.1 and
6.2). We have ample evidence now that the primary
site of lesion in both anterior ischemic optic neuropathy [11,13–16] and glaucomatous optic neuropathy
[2–4,7,8,10] is in the part of the ONH nourished by
the PCA circulation and NOT by the retinal circulation. Therefore, our primary objective is to obtain
information about the blood flow in the deeper layers
of the ONH only.
In view of this, obviously any method used to
evaluate the role of the ONH circulatory disorders in
anterior ischemic optic neuropathy and glaucomatous optic neuropathy must provide reliable information about the blood flow in the deeper part of the
ONH tissue and NOT the surface layer of the optic

NFL
R
RA

C

PLR

S

LC

Branch,
CRA
PCA

P

ON

Fig. 6.1 Schematic representation of blood supply of the optic
nerve head. C choroid, CRA Central retinal artery, LC lamina
cribrosa, NFL surface nerve fiber layer of the disc, ON optic
nerve, P pia, PCA posterior ciliary artery, PLR prelaminar
region, R retina, RA retinal arteriole, S sclera (Reproduced from
Hayreh [7])
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disc. This fact, although crucial in the evaluation of
the ONH ischemic disorders, has been totally
ignored by the advocates of many of the methods,
such as laser Doppler flowmetry, scanning laser
Doppler flowmetry, Heidelberg retina flowmeter,
temperature measurement, oxygen tension method,
hydrogen clearance method and most probably laser
speckle flowgraphy. Any method that measures
only or mostly the blood flow in the superficial
layer of the ONH and not the deeper layers provides invalid information related to ONH ischemic
disorders.
Fluorescein fundus angiography has provided the
most vital proof on this topic. It has shown that when
fluorescein fills the capillaries in the surface layer of
the ONH, they act like a thick cloud, completely
masking the blood vessels in the deeper layers of the
ONH, and that makes it impossible to evaluate the
circulation in the deeper layers of the ONH. This is
very well demonstrated by the angiograms in [17]
Fig. 6.3. This eye of a rhesus monkey had a cilioretinal artery; this artery was supplied by the PCA circulation. Experimental occlusion of the PCA in this
eye resulted in absence of filling of the deeper parts
of the ONH and choroid in the region of the occluded
PCA, clearly seen before filling of the surface layer
of the ONH and the retina (Fig. 6.3a). During the
later phase of angiography (Fig. 6.3b), when
the retinal circulation filled completely, the part of
the area supplied by the cilioretinal artery on the
surface of the optic disc and in the retina did not fill.
In this angiogram (Fig. 6.3b), in the area where the
surface layer of the optic disc filled completely, it
has totally masked the underlying absence of filling
of the deeper layers of the ONH and the choroid;
however, where the surface layer of the disc supplied
by the cilioretinal artery did not fill (arrow), one can
still see non-filling of the deeper layers of the ONH.
Thus, all methods which measure the blood flow
from the surface of the optic disc are primarily
measuring the blood flow in the surface layer of the
ONH (i.e. the retinal arterial circulation) rather
than the PCA circulation supplying the deeper layers and are irrelevant to ischemic disorders of
the ONH. This serious flaw was clearly demonstrated
by the experimental study by Petrig et al. [18]. and
Wang et al. [19]. on laser Doppler flowmetry and
scanning laser Doppler flowmetry respectively, discussed below.
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Fig. 6.2 Schematic representation of blood supply of the optic
nerve head. C choroid, CZ circle of Zinn and Haller, LC lamina
cribrosa, layer of the disc, OD optic disc, PCA posterior ciliary

a

Fig. 6.3 Fluorescein fundus angiograms of a rhesus monkey
eye after experimental occlusion of the lateral PCA. (a) During
the early retinal arterial phase: There is no filling of the temporal half of the choroid and optic disc, but normal filling of the
medial PCA, central retinal artery and nasal part of prelaminar
region; also the superficial retinal capillaries fill in the inferior
temporal part of the optic disc. Note: vessels in the nasal part
of the prelaminar region fill from the adjacent peripapillary
choroid, and the dark nasal crescent corresponds to superficial

PCA

artery, PR prelaminar region, R retina, S sclera (Modified from
Hayreh [12])

b

pigment at disc margin. (b) During the retinal arteriovenous
phase: The retinal capillary bed has filled completely except in
the area of supply by a cilioretinal artery, which did not fill
because it was a branch of the lateral PCA. Note that the retinal
capillary filling has completely masked the underlying information about the optic disc and choroid, except in the area
where the retinal capillaries have not filled (arrow); that shows
absence of filling of the choroid and optic disc (Reproduced
from Hayreh [17])
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 ethods Used to Measure Blood Flow
M
of the ONH
Following is a brief discussion of the commonly used
methods, the validity of the data obtained and their
limitations.

Laser Doppler Flowmetry (LDF)
This is a commonly used method to evaluate ONH
blood flow. This technique was described by Riva
et al. [20]. in 1992. According to them, in LDF a laser
beam illuminates a small volume of a tissue and some
of the light scattered by the tissue and red blood cells
is detected by a photodetector. They [20, 21] felt that
the LDF measures a depth of greater than 520 µm of
the ONH and thus actually measured the blood flow
in the deeper layers of the ONH (i.e. the ones supplied by the PCA circulation) and not simply of the
superficial nerve fiber layer which is supplied by the
retinal circulation [2, 22–24]. Using LDF in a model
eye, Koelle et al. [21] reported that, in vitro, the technique was able to detect the flow of microspheres in a
glass capillary tube behind a layer of excised ONH
tissue of up to 600 mm thickness [21] and concluded
that LDF measurements of blood flow in the superficial and deeper layers of the ONH are possible. Since
then a large number of studies have reported measurements of blood flow parameters in the ONH with the
fundus camera-based LDF method [20, 25, 26], with
a scanning laser ophthalmoscope-based LDF method
[27, 28], or with a laser Doppler velocimetry-based
method [29, 30].
The whole concept that LDF was measuring the
blood flow in the deeper layers of the ONH up to about
600 mm depth was based on the in vitro study by Koelle
et al. [21] only. To test the validity of that assumption
in vivo, Petrig et al. [18] did an experimental study in
rhesus monkeys. In that study, LDF measurements
were first made in normal eyes. After that, LDF measurements were made following three types of procedures to obtain scientifically valid information from
the various layers of the ONH circulation:
1. After Occlusion of the Central Retinal Artery
This was done to eliminate the retinal source of blood
flow to the surface layer of the ONH, so that LDF was
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measuring mostly the blood flow of the deeper PCA
circulation without the masking effect by the overlying
superficial retinal circulation.
2. After Occlusion of the PCAs
This was done to eliminate the PCA source of blood
flow to the deeper parts of the ONH, so that LDF was
measuring the blood flow in the surface layer supplied
by the retinal circulation, without the underlying ciliary circulation.
3. After Occlusion of Both the Central Retinal
Artery and the PCAs
This was meant to eliminate both sources of blood
supply to the ONH.
LDF measured flow during central retinal artery
occlusion alone was highly significantly decreased (p
<0.001) compared to the normal baseline, by an average of 39 ± 21% (mean ± 95% confidence interval).
Combined occlusion of the central retinal artery and
PCAs reduced LDF flow by 57 ± 27% (p < 0.0005).
After occlusion of the PCAs alone, however, LDF
measurements showed a non-significant decrease in
LDF flow of 17 ± 37%. Thus, on average, central retinal artery occlusion alone significantly reduced LDF
flow measurements, but PCA occlusion alone did not.
With the occlusion of both the central retinal artery
and the PCAs, LDF flow measurement was reduced
more than with central retinal artery occlusion alone,
but the difference between the flow reductions was not
significant (p > 0.20). The findings are discussed at
length elsewhere [18].
The results of this study showed that, with the standard LDF technique, the volume of the LDF flow
parameter includes both superficial and deeper tissue
layers, but predominantly the blood flow in the superficial retinal layers and less from the prelaminar and
deeper regions of the ONH. In this LDF technique, the
weaker Doppler signal from the deep layers cannot be
separated from the dominant signal from the superficial layers, to study exclusively the circulation in the
deep layers, which is of primary interest in ONH ischemic disorders, including anterior ischemic optic neuropathy and glaucoma. Thus, the original in vitro study
finding by Koelle et al. [21] that LDF penetrates to
ONH tissue of up to 600 mm thickness [21] was not
valid about the in vivo situation.
In this experimental study, contribution to the LDF
blood flow measurements by the various sources of
blood supply in the ONH was studied by logical stepby-step procedures, determining the contribution by
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different vascular layers in the ONH. It clearly showed
that LDF does not provide valid information about the
deeper layers of the ONH. In spite of that, it is sad to
find that this method is still being advocated and used.

Scanning Laser Doppler Flowmetry
Michelson and Schmauss [27] combined laser Doppler
flowmeter with scanning laser ophthalmoscopy and
claimed theoretically that with confocal scanning laser
Doppler flowmetry they could measure the blood flow
in deeper layers of the ONH, by providing simultaneously qualitative and quantitative evaluation of capillary blood flow of distinct areas of a capillary
meshwork. Nicolela et al. [31] used that technique to
measure the blood flow in the peripapillary retina and
lamina cribrosa in 92 glaucoma patients and 46 control
subjects, but obtained good quality images from only
33 glaucoma patients and 29 control subjects, and of
those qualitative examination of the vascular bed could
be made in 30 and 21 respectively; in the rest the quality of images was too poor to provide the required
information.
To estimate the measuring depth of the blood flow
with scanning LDF and to establish the vascular contributions to these measurements, Wang et al. [19] conducted an experimental study in primates somewhat
similar to that by Petrig et al. [18] discussed above.
They measured the ONH blood flow in each eye of
monkeys using scanning LDF before and following
surgical occlusion of the central retinal artery or PCAs.
The regional blood flow in both eyes was also measured using a nonradioactive microsphere method.
After central retinal artery occlusion, scanning LDF
showed a reduction of 51% compared to normal baseline findings, while the microsphere method showed a
reduction by 83% in the combined surface nerve fiber
layer and the prelaminar regions. After PCA occlusion
only, scanning LDF showed no significant reduction
(−12%); however, the microsphere method showed a
51% reduction in the laminar and retrolaminar regions.
They concluded that scanning LDF measures blood
flow principally in the surface nerve fiber layer of the
ONH, which is primarily supplied by the central retinal artery. Blood flow in the laminar and retrolaminar
regions makes a small contribution to the scanning
LDF measurement.
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The experimental studies in primates by both Petrig
et al. [18] and Wang et al. [19] demonstrated, without
any ambiguity, that the penetration power of the laser
in both LDF and scanning LDF is limited, and the
instruments primarily measure the microcirculation on
the surface layer of the ONH supplied by the central
retinal artery rather than that by the PCA. In spite of
the fact that these studies showed that the information
provided by LDF and scanning LDF is not valid for
our understanding of the blood flow in ONH ischemia,
it is unfortunate to find that these invalid methods are
still extensively advocated and used and their results
applied in the understanding of the ONH ischemic disorders. That adds misinformation on the subject and in
the long run does harm to the cause of science. No
wonder we have so much conflicting and confusing
information on the subject.

Laser Speckle Flowgraphy
More recently, laser speckle flowgraphy has been used
to evaluate the blood flow in the ONH, primarily by
Japanese investigators [32–38]. This method is based
on a laser speckle phenomenon [39]. According to
Tamaki et al. [32], based on estimations in human eyes,
the laser tissue penetration is about 0.5–1 mm.
As discussed above, systematic experimental studies in primates in LDF and scanning LDF have shown
that the original claims made about the layer of the
ONH of which those techniques measured the ONH
blood flow reliably have been shown not to be valid. In
laser speckle flowgraphy the measurements are made
by using the laser in a fashion similar to that in LDF
and scanning LDF. This raises exactly the same issue,
about what exactly this method is measuring. There
has been no systematic experimental study so far on
laser speckle flowgraphy, similar to those done in LDF
[18] and scanning LDF [19], to determine whether
claims made by various investigators using this technique about ONH blood flow in the deeper layers are
valid or not. Until and unless that is done, one has to
interpret its findings cautiously and accept the claimed
result of this technique with good deal of skepticism.
There also seem to be other problems with laser
speckle flowgraphy. For example, Tamaki et al. [40]
found that the laser speckle method does not give an
absolute value for the tissue blood velocity, but a
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relative value, because the normalized blur is also
influenced by the reflectivity of the laser beam in the
tissue. Therefore, it is difficult to compare the normalized blur interindividually. Moreover, some investigators [37] have noted other limitations of this technique.
They found that the laser speckle flowgraphy does not
measure the blood flow directly but relies on a linear
calibration curve; the estimated blood flow at certain
extreme experimental conditions, such as very low
ocular perfusion pressure, may deviate from the true
values. Also, they found the maximum temporal resolution of laser speckle flowgraphy for the blood flow in
the ONH measurement is once every 20 s, 4 s for each
measurement, and that is not fast enough to provide
valid information.

Heidelberg Retina Flowmeter
This method is based on confocal laser scanning and
LDF. It measures temporal intensity variation at each
point in the two-dimensional scan field by multiple
scanning. The Doppler frequency shift of the reflected
light is computed from the acquired data and used to
quantify the local velocity of moving particles. This
technique allows resolving blood flow in individual
capillaries and determines hemodynamic variables at
discrete locations of the retina and the optic disc [41].
A study showed that clinically, there is an unsatisfactory intraindividual reproducibility of flow values in
different studied layers [42]. Thus, this method has all
the limitations for measuring the ONH blood flow of
LDF and scanning LDF methods, and does not provide
suitable information about the blood flow in the deeper
layers of the ONH – our area of primary interest in
ischemic disorders of the ONH.

Color Doppler Imaging
There has been a good deal of interest in this method
of evaluating the ONH blood flow and vascular changes
in glaucomatous optic neuropathy [43–53]. This
method measures the velocity and vascular resistance
index in the intraorbital vessels. Unfortunately, there
are several flaws in this method of determining the
blood flow in the ONH.
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1. There is a fundamental flaw in the entire concept
that color Doppler imaging measures the blood
flow in the ONH. The finding that the main source
of blood supply to the ONH is from the PCA circulation has misled researchers in the field into
believing firmly that simple evaluation of the
blood flow in the PCAs in the orbit automatically
gives information about the ONH circulation. The
reality is that almost invariably it does not, for several reasons briefly discussed below.
As explained in the previous chapter dealing with
the blood supply of the ONH (see Chap. 3), there
may be 1–5 main PCAs supplying an eye. The
main PCAs divide into multiple branches before
entering the eyeball; these branches fall into three
groups supplying three different areas:
(a)	Long PCAs: There are two long PCAs – one
on the medial and the other on the lateral side
(Fig. 6.4). They mainly supply a segment of
the iris, ciliary body and peripheral choroid on
the medial and lateral sides respectively, and
play no role in the ONH blood supply [55].
(b)	Short PCAs (SPCAs): There may be any
number up to 20 or so of these (Fig. 6.4a).
They are further subdivided into two subgroups [23, 24, 56]:
(i)	Distal SPCAs: The majority of the short
PCAs belong to this group, and enter the
eyeball midway between the optic nerve
and the site of entrance of the long PCAs
(Fig. 6.4). They mainly supply the choroid.
(ii)	Paraoptic SPCAs: These are a few small
SPCAs which enter the eyeball closest to
the optic nerve (Fig. 6.4). Available evidence suggests that the ONH is mostly
supplied by the paraoptic short PCAs.
Thus, paraoptic short PCAs, which supply the
ONH, constitute only a tiny fraction of the entire
blood supply by the PCAs. Our primary interest is
in determining the blood flow in the paraoptic
SPCAs supplying the ONH and NOT in the rest
of the PCAs. This has the following practical
implications:
(a)	In view of the above fact, the blood flow information from the main PCAs or other SPCAs
has no relevance to the ONH blood supply.
(b)	It is simply impossible for Color Doppler imaging to differentiate individual paraoptic SPCAs
from the distal SPCAs and long PCAs because
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Fig. 6.4 (a) Diagrammatic
representation of actual
branching pattern of medial
and lateral PCAs in 6 eyes.
(b) Diagrammatic representation of the site of entry of the
various long and short PCAs,
as seen on the back of the
eyeball (Both a and b
reproduced from Hayreh [54])
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all of them are lying jumbled and intertwined
as a vascular bundle (let alone to measure blood
flow in them). I have done orbitotomy in about
400 monkeys to perform various types of
experimental ocular vascular occlusion, and
have seen this jumbled and intertwined mesh of
ciliary arteries around the optic nerve. There is
no way anyone can distinguish on color Doppler
imaging which artery one is dealing with. Thus
any claim that they are measuring the PCA
supply to the ONH has no validity.
(c)	The flow velocity and resistance index measured by color Doppler imaging in the PCAs
would not be altered even if all its paraoptic
SPCAs were stenosed or completely occluded,
because they constitute only a tiny fraction of
the total blood flow, velocity and resistance in
the main PCAs (Fig. 6.4a).
(d)	We know from carotid artery disease that
stenosis of up to about 70% in the carotid
arteries usually produces no hemodynamically significant blood flow reduction.
(e)	Our serotonin studies in atherosclerotic monkeys [57] showed that not all arteries are
equally involved by the atherosclerotic process and that may be true in other disease processes as well. The paraoptic SPCAs may be
diseased or occluded while the other SPCAs
or the main PCAs may be uninvolved; under
those circumstances blood flow in the PCAs
may be within normal limits.
(f)	Moreover, in the color Doppler imaging studies, the terms PCA and short PCA are used
interchangeably, which simply confuses matters. Again, many authors have claimed that
they measured the flow in the PCA when in
fact they were evaluating one of the many
small short PCAs in the retrobulbar region
and not the PCA. Thus, evaluation of blood
flow in the PCAs or the bundle containing
their multiple branches gives no information
on the state of blood flow in the paraoptic
SPCAs, which supply the ONH.
2. The other fundamental flaw with measuring blood
flow in the ONH by color Doppler imaging is that
it measures the velocity and vascular resistance
index. Unless the diameter of the lumen of the
arteries supplying the ONH is known, those two
parameters do not necessarily provide information
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about the amount of ONH blood flow. In fact, localized narrowing of a vessel produces an increase in
local Doppler velocity [58] and decreases the volume. Color Doppler imaging does not provide
information about the lumen of the measured artery.
Thus, it seems that the claims that this method is
measuring blood flow in the ONH are not valid.
3. In color Doppler imaging studies on ONH blood
flow, the frequently mentioned findings on velocity and vascular resistance index in the central retinal artery are totally irrelevant to the blood flow in
the ONH, because that artery plays no role in the
blood supply of the ONH (see Chap. 3). Similarly,
abnormal velocity and resistance in the main ophthalmic artery on color Doppler imaging do not
necessarily mean reduced blood flow to the ONH,
or vice versa, because the blood flow in the paraoptic short PCAs does not necessarily correlate with
that in the ophthalmic artery. For example, one or
more of the PCAs may be markedly stenosed or
completely occluded and yet the blood flow in the
ophthalmic artery may be perfectly normal.
Therefore, to apply color Doppler imaging findings from the ophthalmic artery or central retinal
artery represents an unwarranted leap of faith.
4. There are still other confounding factors applying
blood flow findings from PCAs to the ONH circulation on color Doppler imaging studies, including
the following:
(a)	The blood supply by the PCA circulation in
the ONH is segmental in nature in vivo (see
Chap. 3).
(b)	There is marked interindividual variation in
the area supplied by the various PCAs in the
ONH, and that makes the pattern of blood
supply by the PCAs in the ONH extremely
variable (see Chap. 3)
(c)	As discussed above, the location of the
watershed zones between the PCAs in relation to the optic disc plays an important role
in determining the vulnerability of the ONH
to ischemic disorders (see Chap. 3).
Color Doppler imaging gives no information whatsoever on any of these important issues.
These important flaws in the color Doppler imaging
method invalidate claims that this method measures
blood flow in the ONH. In spite of all these fundamental flaws with color Doppler, unfortunately it is still
commonly used.
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Transcranial Doppler Ultrasound
Using this method, Rojanapongpun and Drance [59,
60] measured ophthalmic artery blood flow velocity in
eyes with primary open angle glaucoma, normal tension glaucoma, and those without glaucoma. On
immersing the hand in cold water, there was no change
in the ophthalmic artery blood flow velocities [60]. In
a similar study, they investigated in glaucoma patients
and normal persons the effect of nicotine on ophthalmic artery flow velocity, and compared that with glaucoma patients on placebo. They found that in the
ophthalmic artery peak (systolic) flow velocity, meanenvelope flow velocity and systolic BP significantly
increased, while finger blood flow significantly
decreased in the nicotine-tested glaucoma and normal
persons when compared with the placebo-tested group
[59]. The authors speculated that the increase in ophthalmic artery velocity may reflect a mild vasoconstriction effect on the artery by nicotine or an increase
in systemic BP. However, as discussed above, one has
to keep in mind that a reduction or increase in ophthalmic artery blood velocity does not necessarily mean a
change in ONH blood flow.

Pulsatile Ocular Blood Flow
This is another method often advocated to evaluate
ONH blood flow. Langham et al. [61] and some other
authors [62–67] have described “pulsatile ocular blood
flow” findings in patients with glaucomatous optic
neuropathy. They reported finding a significantly
reduced pulsatile ocular blood flow in normal tension
glaucoma as compared to normals [64], and in primary
open angle glaucoma as compared to normal [63] and
ocular hypertensives [66], but no difference between
the normal and ocular hypertensives [62].
The exact relevance of pulsatile ocular blood flow
to blood flow in the ONH is very puzzling. This is
because ocular pulse measurements simply reflect the
difference between systolic and diastolic BP in the
choroidal vascular bed, with an insignificant contribution by the ONH or retinal vascular bed. Krakau [68],
based on a number of assumptions, described theoretically a way to calculate pulsatile ocular blood flow.
The claim of blood flow measurement by this method
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is based on extrapolations and several assumptions
[69]. The two major assumptions are: (1) The pressure
volume relationship (ocular rigidity) is assumed to be
standard for all persons. (2) The outflow to the venous
system is presumed to be constant and not pulsatile.
Neither assumption is true in the majority of persons.
Moreover, this technique can only detect the pulsatile
component of blood flow and cannot estimate nonpulsatile ocular blood flow, and it is not known what proportions of the total ocular blood flow are pulsatile
and nonpulsatile. The major part of the pulsatile ocular blood flow is from the choroidal blood flow. Much
more importantly, this test gives no information at all
about the ONH blood flow, in spite of claims to that
effect. I liken the relationship of the choroidal vascular bed to the ONH vascular bed to that between a
huge lake and a small pond situated near the lake and
connected to it. The size of the waves in the big lake
gives us no information at all about the state in the
pond! If I understand correctly, the “ocular pulse”
simply gives information about the height of the
waves. I feel we need much more information on the
subject before we can assess the relevance of its findings to ONH blood flow. Moreover, total blood flow in
the eye and changes in it do not give a true picture of
the blood flow in the ONH.
Another variant of this technique is ocular pneumoplethysmography where the intraocular pressure is
elevated by a suction cup [70]; Williamson and Harris
[69] have discussed the various drawbacks and problems with this technique.

Fluorescein Fundus Angiography
Fluorescein fundus angiography has truly revolutionized our knowledge and understanding of the in vivo
blood supply of the ONH and choroid, and their role in
ONH ischemic disorders; it constitutes one of the most
useful techniques in the study of various ocular vascular disorders. Since 1964 my fluorescein angiographic
studies have provided useful information about the
ONH circulation in health and disease [2–4, 10, 13–
17, 22–24, 57, 71]. Since we [71] first reported a
reduced fluorescence of the optic disc in glaucomatous
optic neuropathy suggestive of interference with the
ONH blood supply, many papers have described
angiographic abnormalities in glaucomatous optic
neuropathy. Following is a review of the earlier
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studies. In 1977 [7] I reviewed various angiographic
studies dealing with the ONH, peripapillary choroid
and the rest of the choroid in glaucoma. Schwartz and
co-workers [72–77] published a series of papers on the
subject showing that optic disc filling defects, seen on
fluorescein angiography, represent areas of ischemia
which are highly correlated with loss of visual field
[72], and that the filling defects are more marked in
glaucomatous discs than in ocular hypertensives and
least in normal discs [73]. Their studies further suggested a decreased blood flow and a smaller vascular
bed together with narrower vessels in hypofluorescent
areas of the optic disc [75]. They further confirmed the
relationship of fluorescein filling defects in the optic
disc and nerve fiber layer defects to glaucomatous
abnormalities, and thus the association between vascular damage to the ONH and axonal loss in glaucoma
[77]. Geijssen [8] found angiographic filling defects of
disc in 92% of normal tension glaucoma cases.
While fluorescein angiography has provided very
useful information about the blood supply of the ONH
in health and disease, it is essential to realize that this
technique does have multiple limitations. If these limitations are not kept in mind, serious misinterpretations
can occur, and from them misleading information,
such as one finds not infrequently in the literature.

Limitations of Fluorescein Fundus Angiography
In the study of ONH circulation, fluorescein angiography is a very crude and not always a reliable method,
for the following reasons:
1. Reliability of a Single Angiographic Examination
Like a single recording of blood pressure, information
obtained from a single angiographic examination may
be misleading. The excitement and worry of visiting
the hospital, and of angiography, invariably alter the
systemic blood pressure, and give totally misleading
information about the ocular circulation. Thus, a normal angiogram does not rule out the possibility of circulatory disturbances in the ONH and/or choroid at
other times, particularly during sleep in patients with
marked nocturnal hypotension [78, 79].
2. Unsatisfactory Quality of the Angiograms
In a fair proportion of patients with ONH ischemic disorders, the quality of angiograms is not good enough
to outline vasculature in the optic disc and choroid
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because of changes in the ocular media, inadequate
dilation of the pupil, and poor ocular and/or systemic
circulation.
3. Inadequate Resolution of Disc Microvasculature
The optic disc is only 1.5 mm in diameter, with the
vessels in it arranged in multiple superimposed layers.
Fluorescein angiography is incapable of resolving the
disc microvasculature of various layers simultaneously
and to demonstrate fine subtle vascular defects satisfactorily (Fig. 6.3).
4.	Difficulty in Outlining the Deeper ONH
Capillaries
We are essentially interested in the prelaminar and
deeper capillaries of PCA origin in the ONH in these
eyes. As discussed above and shown by Fig. 6.3, once
the dense capillary network of retinal origin, lying in
the surface nerve fiber layer of the optic disc, is filled,
it completely masks the underlying ciliary vessels so
that no information at all can be obtained about the
deeper capillaries.
5.	Optic Disc Fluorescence on Fluorescein
Angiography
In fluorescein fundus angiography investigators have
used the degree of fluorescence of the optic disc as one
of the parameters of ONH vascularity, under the impression that that is an index of quantity of the ONH circulation. In view of this, it is pertinent to examine the
sources of normal optic disc fluorescence, as I have
done [17]. Usually, fluorescence of the disc before the
retinal arterial filling is due to filling of the ciliary vessels in the prelaminar region and/or deeper down. When
the retinal capillaries in the surface nerve fiber layer of
the disc fill, they completely mask the deeper ciliary
vessels, so that the fluorescence of the disc then is
essentially due to the retinal capillary filling of the
superficial layer only, with little or no contribution from
the deeper ciliary vessels (see Fig. 6.3) [2, 15, 17, 22].
During the late phase, it is due to staining of the prelaminar and lamina cribrosa regions, especially the collagen tissues of the latter, by fluorescein leakage from the
adjacent peripapillary choroid. In experimental studies
on rhesus monkey eyes where I cut PCAs or the ocular
circulation was completely obliterated by a very high
IOP, deeper layers of the ONH still showed fluorescence in some eyes and not in others; the origin of that
fluorescence is obscure. This was also recorded in some
human eyes before the PCAs and central retinal artery
started to fill. Before the capillaries in the surface layer
of the disc fill, the temporal part of the disc is usually
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more fluorescent than the nasal side – we still have no
satisfactory explanation for this. Also puzzling are the
inconsistencies, in both normal and atrophic discs,
between the ophthalmoscopic appearance and the fluorescein angiographic findings during the late phase: (a)
Why is there such a variable degree of fluorescence,
with no evident ophthalmoscopic or etiologic correlation? (b) Why do some discs show mild to marked
staining in one or another sector of the peripapillary
choroid while others show none? (c) Why does peripapillary chorioretinal degeneration, seen most frequently in cases of primary open angle glaucoma and
normal tension glaucoma, cause leakage of fluorescein
into the adjacent disc tissue in some and not in others?
All these variations may be manifestations of the
marked interindividual variation in the ONH blood
supply, discussed at length above and elsewhere (see
Chap. 3) [23, 24].
6. Significance of Presence or Absence of a Filling
Defect on Fluorescein Fundus Angiography
While the presence of a filling defect on fluorescein angiography indicates vascular insufficiency,
the absence of such a defect does not mean that
there has never been vascular insufficiency. My
clinical and experimental studies on acute vascular
occlusion involving the PCAs, central retinal
artery, optic disc vessels and iris vessels have
clearly demonstrated that even in well documented
arterial occlusions, days or weeks later the circulation usually returns to normal although permanent
ischemic damage is done to the involved tissues.
In conditions where there is only transient ischemia or hypoxia due to a temporary fall in the perfusion pressure (e.g., in nonarteritic anterior
ischemic optic neuropathy and glaucomatous optic
neuropathy during nocturnal arterial hypotension
[78, 79]), fluorescein fundus angiography during
the waking hours may fail to demonstrate any filling defect.
From this discussion it is evident that fluorescein
fundus angiography has limited usefulness in any
sophisticated study of the circulation in ONH ischemic
disorders, and these limitations must be borne in mind
while interpreting the results. The recent introduction
of fluorescein videoangiography and scanning laser
ophthalmoscopy may help to overcome some of those
limitations. In spite of all these limitations, fluorescein
fundus angiography still does provide useful information about the ONH circulation.
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Scanning Laser Fluorescein Angiography
Cantor et al. [80] have claimed that with this technique
video fluorescein angiograms of high spatial and temporal resolution are produced, and digital image analysis of the angiograms is used to measure capillary flow
velocities. The authors measured the blood flow velocities in the superficial optic disc capillaries supplied by
the retinal circulation. Unfortunately, as far as one can
tell, this method suffers from the same limitations as
fluorescein fundus angiography in providing information about the blood flow in the deeper layers of the
ONH supplied by the PCA circulation – the primary
area of interest in ischemic disorders of the ONH.

Magnetic Resonance Imaging
Prunte et al. [81] imaged the rat optic nerve using a
T2-weighted magnetic resonance imaging technique
and contrast agent diethylenetriaminepentaacetategadolinium, and calculated blood flow by image
analysis from the change in signal intensity. They
claimed that their findings suggest that magnetic resonance imaging provides quantification of optic
nerve blood flow. Garcia et al. [82] in a small preliminary study claimed that qualitative perfusion imaging
of the human optic nerve is feasible. However, the
major limiting factor with this method is the very
small size of the ONH and limited resolution of the
technique to detect focal or mild circulatory insufficiency in the ONH.

Temperature Measurement
Bill [83], in cats and rabbits, using a heated thermocouple method to the surface of the eyeball, found that
an increase in intraocular pressure decreased the uveal
blood flow. Ernest and Potts [84] measured blood flow
in the ONH by inserting a thermocouple needle into
the optic disc via the cornea and vitreous, and found
that elevation of intraocular pressure within the range
of primary open angle glaucoma caused decrease in
blood flow in the optic disc and a fall in intraocular
pressure increased the blood flow, and concluded that
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there was no autoregulation in the intraocular pressure.
The fact that now it is established that ONH has autoregulation would indicate that this method did not provide correct information.
This method has other limitations as well for evaluation of ONH blood flow. First, it is an indirect method
for blood flow measurement. Second, most importantly, since it measures the temperature from the surface of the optic disc which is supplied by the central
retinal artery circulation, it suffers from the same problem as discussed above regarding LDF and scanning
LDF, i.e., it does not give any information about the
deeper layers of the ONH circulation – our primary
interest.

Oxygen Tension Method
Ernest [85] measured the oxygen tension 10 mm in
front of the center of the optic disc in cats and showed
autoregulation of the optic disc oxygen. As discussed
above, the surface layer of the disc is supplied by retinal circulation so that this method, again, does not give
any information about the deeper layers of the ONH
supplied by the PCA circulation. It suffers from the
same limitation discussed above, concerning LDF and
scanning LDF. Moreover, it is well-established that the
retinal circulation has autoregulation.

Hydrogen Clearance Method
This method was first reported by Aukland et al. [86]
and has been used in the cerebral cortex, myocardium
and other organs. Ernest [87] measured the blood flow
at the lamina cribrosa in rhesus monkeys by inserting a
microelectrode in the lamina cribrosa, and found that
the blood flow rapidly decreased when the perfusion
pressure reached 50 mmHg. Since then this method
has been used by some other workers. For example,
Sugiyama et al. [33] compared the ONH blood flow in
rabbits by comparing the findings between the laser
speckle method and hydrogen clearance method, and
stated that the findings of the two methods were comparable. As discussed above regarding the laser speckle
method, it has some limitations and it still remains to
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be shown that the findings by the laser speckle method
are reliable for measuring ONH blood flow.

 C-2-Deoxyglucose (2-DG) Method
14

Sokoloff et al. [88] developed this method for evaluation of blood flow in experimental studies in animals.
This is an indirect test to determine the glucose consumption by the tissues. The basis of the test is that
14
C-deoxyglucose, with the same transport system as
glucose, passes through capillaries and into cells. In
the cells it is phosphorylated but cannot be metabolized any further. After phosphorylation, it cannot
leave the cells. Thus, its accumulation in the cells
reflects glucose consumption. Bill and his co-workers
[89–92] used this method in a number of studies on the
blood flow of the ONH in monkeys. Sperber and Bill
[90] found no appreciable effect on the 2-DG accumulation in the retina and prelaminar region of the ONH
at perfusion pressure of 40 cm water but at perfusion
pressure of 20 cm water 2-DG accumulation was markedly increased, indicating ischemia resulting in anaerobic glycolysis. There was no change in the lamina
cribrosa and behind the lamina cribrosa. Using this and
microsphere methods, they [91] found that normally
the blood flow in the lamina cribrosa is about five times
more than that 5 mm behind the lamina cribrosa. At
perfusion pressure of 15 mmHg, there was a marked
reduction in blood flow in the prelaminar region and
also within the anteriormost part of the lamina cribrosa. At 30 mmHg perfusion pressure, the flow in the
retina and the prelaminar region tended to be moderately reduced while that in the lamina cribrosa and
behind was normal. They concluded that their studies
indicate that partial ischemia and anaerobic glycolysis
was produced in a normal ONH only at perfusion pressure of <30 mmHg, and it was marked at 15 mmHg.
They suggested that glaucoma developing at intraocular pressure of <25–30 mmHg has its main cause in
vascular insufficiency. At intraocular pressure of
40–50 mmHg or more, partial ischemia will be another
damaging factor. In the retina, laminar and prelaminar
regions and the first few mm behind the lamina cribrosa, the glucose consumption is similar to that in the
gray matter of the brain while in the retrolaminar part
it was more like the white matter. We [92] used the
2-DG method in old, atherosclerotic rhesus monkeys,

Morphologic Studies

and found that there was defective autoregulation in
the retina and ONH in these monkeys. It would seem
that for experimental studies, this technique is more
physiologic than many of the other experimental methods; however, it is a laborious method and requires
great expertise to obtain satisfactory results.

Iodoantipyrine Autoradiography
This method has been used by a number of investigators in experimental studies in animals to evaluate the
blood flow [93–96]. Sossi and Anderson [93] recorded
blood flow in the retina, choroid and ONH in cats by
using Iodoantipyrine125 and found autoregulation of
blood flow throughout the range of IOP until the perfusion pressure was reduced to 25 mmHg. At higher
IOPs, the blood flow was reduced in the retina, choroid
and ONH but in the lamina cribrosa it was reduced
only with extreme pressure elevation and not reduced
at all in the intraorbital optic nerve. They concluded
that there is efficient autoregulation in the ONH and
lamina cribrosa, so that the IOP over a wide range does
not much influence blood flow normally. Weinstein
et al. [94] used 14C-iodoantipyrine in cats and found a
gradient of flow rates in different parts of the ONH,
with relatively high flow in the prelaminar, laminar
and 1 mm retrolaminar regions, and significantly lower
flow in the 4–6 mm posterior to the laminar region.
They found that ONH blood flow demonstrated autoregulation in all areas.
This method gives us information more about the
diffusion than the blood flow in the ONH [97].
Caprioli and Miller [96] showed that blood flow measurements in the ONH with this technique may be
largely influenced by diffusion of the tracer from the
choroid into the ONH. They found that with a total
diffusion time of 60 s, real blood flow may differ as
much as at 60% 50 mm from the choroid and about
12% at 300 mm from the choroid. The blood flow gradient reported from anterior to posterior optic nerve
with this technique may simply be due to diffusion
from the surrounding choroid. Thus, blood flow measurements of the ONH obtained with this technique
must be cautiously interpreted, and evidently this is
not an ideal method to evaluate the blood flow in the
ONH in glaucoma [97].
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Microsphere Method
Unlabelled or radioactive labelled or nonradioactive
colored microspheres of varying sizes have been used to
study the ocular and ONH blood flow experimentally in
animals [37, 98–101]. While this method has provided
useful information on the ocular blood flow in many
instances, it does have limitations in the ONH. For
example, spatial resolution of the microsphere method
is limited even if a large number of small spheres is used
[89]. In small tissues, such as ONH, the specimens contain a small number of microspheres which can introduce an error and give relatively low blood flow and a
high variability [102]. Also the microspheres can partially obstruct the vessels and change the flow pattern.
For example, Wang et al. [103] found that 8 mm microspheres are the optimal size for both retinal and optic
nerve blood flow estimation and the 10 mm for the choroid; but 15 mm are inappropriate for ocular blood flow
measurements. Axial streaming can cause further problems. All these limitations restrict the usefulness of this
technique in evaluation of the blood flow in the ONH.

Morphologic Studies
There are a number of morphologic studies on the eyeball and ONH of glaucoma and anterior ischemic optic
neuropathy patients. While these studies give useful
information about morphologic changes in the tissues
of the ONH, they are not of any help in giving information about disturbances in the in vivo blood flow in the
ONH. In fact, available evidence indicates that such
studies can be highly misleading. For example, Quigley
et al. [104] from a histologic examination of the ONH
in eyes with primary open angle glaucoma, reported
that “many capillaries are present in the optic nerve
heads with early and moderate glaucomatous loss of
nerve fibers”. This observation was interpreted by them
to mean that no vascular disorder is responsible for the
ONH changes in glaucoma. In this connection, one has
to bear in mind two well-established facts: (1) capillaries are far more resistant to ischemic damage than the
neural tissue, and (2) the presence of capillaries, as
seen in histologic section, in no way proves that there is
normal or adequate blood flow or that ischemia was not
present. Similarly, the presence of red blood cells in
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capillaries on histologic examination [105], also in no
way indicates a normal or adequate blood flow in the
ONH. Therefore, this is not a suitable method to obtain
information about the in vivo circulation in the ONH.

Conclusions
As is evident from the above brief review, the bottom
line is that we do not have a single method that gives us
clinically reliable information on the blood flow in the
ONH in man – neither in health nor in disease. All the
methods discussed above have various limitations. More
importantly, many of the claims made about the various
methods of measuring the ONH blood flow, relevant to
anterior ischemic optic neuropathy or glaucomatous
optic neuropathy, are not valid for these diseases. This
latter fact has introduced misinformation about the
pathogenesis and management of these disorders.
Unless and until we have a satisfactory method of
measuring and manipulating the blood flow in the ONH,
we are not going to solve the problem of logical management of ischemic disorders of the ONH and prevent
patients from going blind [4]. Ophthalmologists need
readily available, simple, non-invasive and reliable clinical method(s) that can be performed easily in their daily
practice on patients with glaucoma, anterior ischemic
optic neuropathy and other ONH vascular disorders – we
have none so far. Moreover, because of the recently discovered importance of nocturnal arterial hypotension in
the development and progression of non-arteritic anterior
ischemic optic neuropathy [78, 79, 106] and glaucoma
[78, 79, 107–111], we need a method of measuring the
ONH blood flow continuously or frequently over a
24-hour period or longer (similar to the 24-hour ambulatory blood pressure monitor), particularly during sleep.
The lack of availability of these facilities makes management of ONH ischemic disorders and prevention of blindness caused by them a hard task.
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Definition of Optic Disc and Terminology (Fig. 7.2), and (3) with a small optic disc (Fig. 7.3). In a
In the literature, the ophthalmoscopic term “optic disc”
has been applied interchangeably to either the whole or
a part of the most anterior part of the optic nerve head
(i.e., the surface nerve fiber layer and the prelaminar
region). Similarly the term “papilla” has been used as a
synonym for the optic disc or optic nerve head. The term
“papilla” was coined by Briggs in 1676, based on an
erroneous impression that the normal optic nerve head
was elevated like a papilla (see Chap. 2). Since the structure usually is not elevated above the level of the adjacent retina but lies flat in the same plane as the retina and
has a central depression (i.e., the physiological cup), the
term “papilla” is a misnomer. It must, however, be conceded that the appearance of the optic nerve head shows
considerable variations, all of which may be “within
physiological limits”. In reviews of work by other
authors, it is not clear how much of the optic nerve head
has been included by them under the term “optic disc”.

Optic Disc Size
The size of the optic disc varies among individuals. For
example, there are normal eyes: (1) with a normal sized
and normal-shaped optic disc (Fig. 7.1a, b), (2) with a large
optic disc and cup without any pathologic abnormality
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normal Caucasian population, the optic disc area varies by
a factor of about 1–7 and the disc diameter by about 1–2.5
[1–4]. The optic disc area is independent of age beyond an
age of about 3–10 years. In regard to gender, body length
and refractive error, the majority of recent studies suggest
that the disc size is correlated with body height. Within a
range of −5 to +5 diopters of refractive error, optic disc size
is mostly independent of ametropia [2, 4]. The optic disc is
significantly larger in highly myopic eyes, and significantly smaller in eyes with marked hyperopia (more than
+5 diopters), than in eyes with a normal refractive error.
The size of the optic disc also depends on ethnic background [4–6]; Caucasians have relatively small optic discs,
followed by Mexicans, Asians, and Afro-Americans.
Based on the Gaussian-like distribution curve of the optic
disc area, very small discs or “microdiscs” and very large
discs or “macrodiscs” can be defined morphometrically: a
microdisc as being smaller than the mean minus twofold
standard deviations, and a macrodisc as being larger than
the mean plus twofold standard deviations.
This interindividual variability in optic disc size is
morphologically important, because eyes with large
optic discs have a larger neuroretinal rim area than
eyes with small discs [1–4]; more optic nerve fibers [7,
8]; less nerve fiber crowding [8]; a higher count and a
larger total area of lamina cribrosa pores [9]; a higher
ratio of interpore connective tissue area to total lamina
cribrosa area [9]; a higher count of cilioretinal arteries
[10]; and a higher count of retinal photoreceptors [11]
and retinal pigment epithelium cells [12] – as well as a
larger retinal surface area and longer horizontal and
vertical diameters of the globe [13].
The optic disc size variability is also pathogenetically important because some optic nerve anomalies
and diseases are correlated with the optic disc size. For
example, optic disc drusen [14, 15] (Fig. 7.4a),
pseudopapilledema [16, 17] (Fig. 7.4b) and nonarteritic
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Fig. 7.1 Photographs of two (a, b) examples of normal sized optic discs with a normal shape: the vertical disc axis is slightly longer
than the horizontal axis; Note: normal shape of the neuroretinal rim according to the “ISNT” rule

Fig. 7.2 Photograph of a large physiologic cup in the large disc;
normal shape of the neuroretinal rim with its widest part in the
inferior disc region, followed by the superior disc region, the
nasal region, and finally the temporal disc region; unremarkable
parapapillary atrophy (physiologic alpha zone)

Fig. 7.3 Photograph of a small optic disc, with no cup

Optic Disc Shape
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Fig. 7.4 Photographs of examples of (a) optic disc with disc drusen, (b) pseudopapilledema, and (c) fellow optic disc of a patient
with NA-AION

anterior ischemic optic neuropathy (NA-AION) [18–24]
(Fig. 7.4c – see Chap. 16) occur significantly more often
in small optic discs/cups. Congenital pits of the optic
disc [25] (Fig. 7.5a, b) and the Morning-GlorySyndrome [26] (Fig. 7.6a, b) are more common in large
optic nerve heads. Hypoplastic optic nerves have small
optic discs (Fig. 7.7a–d).

Optic Disc Shape
The optic disc has a slightly vertically oval form with
the vertical diameter being about 7% to 10% larger

than the horizontal one [2] (Fig. 7.1a, b). The ratio
between minimal-to-maximal disc diameter ranges
between 0.64 and 0.98, corresponding to an interindividual variability of 1:1.53. The ratio between the horizontal to vertical disc diameters varies between 0.70
and 1.37 (variability of 1:1.96).
The disc form is not correlated with age, gender,
right and left eye, or body weight and height [2]. An
abnormal optic disc shape is significantly correlated
with increased corneal astigmatism and amblyopia [27],
and the amount of corneal astigmatism is significantly
(p < 0.001) correlated with an increasingly elongated
optic disc shape. Corneal astigmatism is significantly
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Fig. 7.6 Photographs of two (a, b) examples of eyes with
Morning-Glory-Syndrome

(p < 0.01) highest in eyes with tilted discs (Fig. 7.8a–d).
Amblyopia is significantly (p < 0.05) associated with an
elongated optic disc shape and high corneal astigmatism. The orientation of the longest disc diameter can
indicate the axis of corneal astigmatism. Furthermore,

Fig. 7.5 Photographs of two eyes as examples of optic disc pit:
In one eyes, fundus photograph (a1) showing the pit (arrow) and
fluorescein angiogram (a2) showing late staining of the pit
(arrow). In the second eye, fundus photograph (b) showing the
pit (arrow) and associated serous retinal detachment of the macular region

Neuroretinal Rim Size
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Fig. 7.7 Photographs of four (A–D) eyes as examples of hypoplastic optic nerves

eyes with a tilted optic disc can exhibit visual field
defects mimicking a temporal hemianopsia.
The optic disc shape in eyes with NA-AION does
not differ significantly from that of normal eyes.

Neuroretinal Rim Size
The neuroretinal rim contains the retinal nerve fibers
and it is, therefore, one of the main targets in the ophthalmoscopic evaluation of the optic disc. Like the
optic disc and cup, the neuroretinal rim shows a high

interindividual variability. The rim area is correlated
with the optic disc area [1–4]. The increase of rim area
with enlarging disc area is most marked for eyes with
no disc cupping, medium pronounced for eyes with a
temporal flat sloping of the optic cup, and it is least
marked in eyes with a circular steep disc cupping [2].
The correlation between rim area and disc area corresponds with the positive correlation between optic disc
size, optic nerve fiber count [7, 8], and number and
total area of the lamina cribrosa pores [9]. It points
towards a greater anatomic reserve capacity in eyes
with large optic discs as compared to eyes with small
optic discs.
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Fig. 7.8 Photographs of four (A–D) eyes as examples of tilted optic disc: Note: small optic disc, the longest disc axis is obliquely
orientated; inferior scleral crescent, except in Fig. D

Due to the association between NA-AION and
absent or small disc size, and the association between
disc size and rim size, eyes with NA-AION have a
small neuroretinal rim.

Neuroretinal Rim Shape
In normal eyes, the neuroretinal rim shows a characteristic configuration. It is based on the vertically oval
shape of the optic disc and the horizontally oval shape
of the optic cup. The neuroretinal rim usually follows
the “ISNT rule”: broadest in the Inferior disc region,
followed by the Superior disc region, the Nasal
disc area, and finally the Temporal disc region [2]

(Figs. 7.1a, b and 7.2). The assessment of the characteristic shape of the rim is helpful in the diagnosis of
early glaucomatous optic nerve damage. The physiologic shape of the neuroretinal rim is associated with:
1. The diameter of the retinal arterioles which are significantly wider in the inferotemporal arcade than
in the superotemporal arcade [28, 29];
2. The visibility of the retinal nerve fiber bundles; they
are significantly more often detected more easily in
the inferotemporal region than in the superotemporal region [29, 30];
3. The location of the foveola 0.53 ± 0.34 mm inferior
to the optic disc center [30];
4. The morphology of the lamina cribrosa with the
largest pores and relatively the smallest amount of

Configuration and Depth of the Optic Disc Cup

interpore connective tissue in the inferior and superior regions, as compared to the temporal and nasal
sectors [9, 31, 32]; and
5. The distribution of the thin and thick nerve fibers in
the optic nerve just behind the globe with the thin
fibers in the temporal part of the nerve [8, 33].
In those eyes with NA-AION which have a cup, the
neuroretinal rim follows the ISNT rule (see above),
both before and after the event of NA-AION. The reason is that, in contrast to glaucomatous optic neuropathy, non-glaucomatous optic nerve damage (except of
giant cell arteritis induced AION) is not associated
with a loss of neuroretinal rim. Consequently, the shape
of the neuroretinal rim does not markedly change.

Neuroretinal Rim Pallor
Increasing pallor of the optic disc and especially of the
neuroretinal rim is a typical sign of optic nerve damage
[34–36]. The increase in pallor of the neuroretinal rim
is more marked in eyes with non-glaucomatous optic
neuropathy than in eyes with glaucoma. In other words,
if the neuroretinal rim looks rather pale, the disease is
more probably non-glaucomatous optic neuropathy
rather than glaucomatous optic neuropathy. Pallor of
the neuroretinal rim is thus one among several variables which differentiate glaucomatous from nonglaucomatous optic neuropathy. This is very helpful to
differentiate optic disc cupping seen in glaucoma versus that in arteritic AION (see Chap. 12). In glaucoma,
the overall pallor of the optic disc as the sum of the
optic cup and neuroretinal rim increases, mainly due to
the enlargement of the optic cup.
In eyes with NA-AION, the neuroretinal rim
becomes pale, usually in the affected optic disc sector
but not necessarily in that region only, due to the nonglaucomatous type of optic nerve damage.

 ptic Cup Size in Relation
O
to the Optic Disc Size
Like the optic disc and the neuroretinal rim, the optic
cup also shows a high interindividual variability [1–
4] (Figs. 7.1–7.4). Like macrodiscs, very large cups
or macrocups may be defined as larger than the mean
plus twofold standard deviations. One has to take
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into account, however, that the distribution of the
optic cup area is not Gaussian. The macrocups can be
subdivided into:
1. Primary macrocups: These occur in primary macrodiscs [37]. They appear pseudoglaucomatous but
are physiologic. They are constant in size after the
first years of life.
2. Acquired or secondary macrocups: These can
further be sub classified into two types. (a) The
secondary, highly myopic macrocup is found in
highly myopic eyes with secondary macrodiscs
due to the myopic stretching of the optic nerve
head [38], (b) The other type of secondary macrocups develops by the glaucomatous loss of neuroretinal rim.
In normal eyes, the areas of the optic disc and optic
cup are correlated with each other. In small optic discs,
cupping normally does not occur. Large optic discs
usually have a large optic cup. In the morphologic
diagnosis of glaucoma, this feature has to be taken into
account.
In contrast to glaucoma, the optic cup does not
markedly enlarge in eyes with non-glaucomatous optic
nerve damage such as NA-AION [39, 40]. Corre
spondingly, the neuroretinal rim does not decrease
markedly in eyes with non-glaucomatous optic nerve
damage, except in arteritic AION where, on resolution
of optic disc edema in 6–8 weeks, the optic disc develops optic atrophy with cupping indistinguishable from
glaucomatous optic neuropathy, with a decrease in
neuroretinal rim [18, 41–46].

 onfiguration and Depth
C
of the Optic Disc Cup
In normal eyes, the shape of the optic disc cup is horizontally oval with the horizontal diameter being about
8% longer than the vertical diameter [2]. Combining
the horizontally oval shape of the cup and the vertically oval shape of the optic disc explains the configuration of the normal neuroretinal rim, which has its
broadest parts in the inferior and superior disc regions
and its smallest parts in the temporal and nasal region
of the optic disc [2].
The cup is ophthalmoscopically described by its
depth. In normal eyes, the cup depth depends on the
cup area, and indirectly on the disc size: the larger the
cup, the deeper it is [47, 48].
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Eyes with NA-AION have no cup or a small cup
(Fig. 7.4c, see Chap. 16). In those eyes with a cup, it usually
has a horizontally oval shape, so that the “ISNT rule”
of the rim shape is fulfilled. Since the cup is small
(if present) in eyes with NA-AION, it is usually shallow.

Cup/Disc Ratio
Due to the vertically oval optic disc and the horizontally oval optic cup, the cup/disc diameter ratio in
normal eyes is significantly larger horizontally than
vertically [2]. In less than 7% of normal eyes the horizontal cup/disc ratio is smaller than the vertical one.
That indicates that the quotient of the horizontal-tovertical-cup/disc ratios is usually higher than 1.0. This
is important for the diagnosis of glaucoma, in which,
in the early to medium advanced stages, the vertical
cup/disc diameter ratio increases faster than the horizontal one. It leads to an increase of the quotient of
horizontal-to-vertical-cup/disc ratios to values lower
than 1.0.
Since the cup diameter depends on the disc diameter, the cup/disc ratio also depends on the size of the
optic disc. The high interindividual variability of the
optic disc and cup diameters explains why the cup/disc
ratios range in a normal population is between 0.0 and
almost 0.9 [2]. Due to the correlation between disc
area and cup area, the cup/disc ratios are low in small
optic discs, and high in large ones. An unusually high
cup/disc ratio, therefore, can be physiologic in eyes
with large optic nerve heads [37], while an average
cup/disc ratio is uncommon in normal eyes with small
optic discs. In the diagnosis of glaucomatous optic
nerve damage, this interindividual variability of cup/
disc ratios and their dependence on the optic disc size
has to be taken into account.
As both the cup diameter measure and the disc diameter measure depend to an equal extent on the magnification by the optic media, the cup/disc ratios are
independent of the magnification by the optical media
of the examined eye and of the fundus camera or other
instrument. Thus no method to correct for the ocular
and camera magnification need be applied. The quotient
of the horizontal-to-vertical-cup/disc ratios is additionally independent of the size of the disc, since both the
horizontal cup/disc ratio and the vertical cup/disc ratio
depend to an equal extent on the disc diameter.
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Parapapillary Chorioretinal Atrophy
Ophthalmoscopically, parapapillary chorioretinal atrophy has been divided into a central beta zone and a
peripheral alpha zone [49, 50] (Fig. 7.9a, b). A peripheral zone (alpha zone) is characterized by an irregular
hypopigmentation and hyperpigmentation. On its
peripheral side it is adjacent to the normal appearing
retina, and on its central side it is in touch with a zone
characterized by visible sclera and visible large choroidal vessels (beta zone), or with the peripapillary
scleral ring, respectively. Features of the inner zone
(beta zone) are marked atrophy of the retinal pigment
epithelium and of the choriocapillaris, good visibility
of the large choroidal vessels and the sclera, thinning
of the chorioretinal tissues, with adjacent alpha zone
on its peripheral side and the peripapillary scleral ring
on its central side. If both zones are present, the beta
zone is always closer to the optic disc than the alpha
zone. On indirect and direct clinical-histological comparisons, the beta zone correlates with a complete loss
of retinal pigment epithelium cells and a markedly
diminished count of retinal photoreceptors [51]. The
alpha zone is the equivalent of pigmentary irregularities in the retinal pigment epithelium. Correspondingly,
the beta zone corresponds to an absolute scotoma, and
the alpha zone to a relative scotoma [52]. In normal
eyes, both alpha and beta zones are largest and most
frequently located in the temporal horizontal sector,
followed by the inferior temporal area and the superior
temporal region. They are smallest and rarely found in
the nasal parapapillary area. An alpha zone is present
in almost all normal eyes and is thus more common
than a beta zone (mean frequency in normal eyes:
about 15–20%). The two zones have to be differentiated from the myopic scleral crescent in eyes with high
myopia and from the inferior scleral crescent in eyes
with “tilted optic discs” (Fig. 7.8). The myopic scleral
crescent present in highly myopic eyes differs histologically from the glaucomatous beta zone in nonhighly myopic eyes. In the region of the myopic
crescent, only the inner limiting membrane and underlying retinal nerve fiber layer or its remnants cover the
sclera while in the glaucomatous beta zone, Bruch’s
membrane and the choroid are interposed between the
remnants of the retina and the sclera [53].
Eyes with NA-AION, in contrast to glaucoma, do
not show an enlargement of the beta zone nor of the
alpha zone of parapapillary atrophy [54, 55].

Retinal Nerve Fiber Layer
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b

Fig. 7.9 Photographs of two examples (a, b) of glaucomatous optic nerve heads with alpha zone (arrow heads) and beta zone
(arrows) of parapapillary atrophy

Diameter of Retinal Arterioles
Diffuse narrowing of the retinal vessels has been
described in glaucomatous optic neuropathy and in
nonglaucomatous optic neuropathies such as descending optic nerve atrophy [48, 54–56]. In glaucoma, the
vessel diameter decreases with decreasing area of the
neuroretinal rim, diminishing visibility of the retinal
nerve fiber layer and increasing visual field defects
[56]. Correspondingly, a recent study on healthy children enrolled in the Singapore Cohort Study of the
Risk Factors for Myopia showed that a thinner neuroretinal rim and lower measurements of the retinal
nerve fiber layer were associated with narrower retinal
arterioles and venules [57].
Fig. 7.10 Photograph of the retinal nerve fiber layer; Note: nerve
fiber layer best detectable in the temporal inferior sector, followed
by the temporal superior sector and the nasal superior sector

Retinal Nerve Fiber Layer
In normal eyes, visibility of the retinal nerve fiber layer
is regionally unevenly distributed (Fig. 7.10). Dividing
the fundus into eight regions, the nerve fiber bundles
are most visible in the temporal inferior sector,

f ollowed by the temporal superior area, the nasal superior region and finally the nasal inferior sector [48]. It
is least visible in the superior, inferior, temporal horizontal and nasal horizontal regions. Correspondingly,
the diameters of the retinal arterioles are significantly
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widest at the temporal inferior disc border, followed by
the temporal superior disc region, the nasal superior
area and finally the nasal inferior disc region. This is in
agreement with the location of the foveola below a
horizontal line drawn through the center of the optic
disc, and with a configuration of the neuroretinal rim
that is broadest at the temporal inferior disc border,
followed by the temporal superior disc region. The
sectors’ sequence concerning the best visibility of the
retinal nerve fiber layer correlates with the sectors’
sequence in respect to rim configuration and retinal
artery caliber. Physiologically, it points towards an
anatomical and nutritional relationship. The visibility
of the retinal nerve fiber layer decreases with age. It
correlates with an age-related reduction of the optic
nerve fiber count with an annual loss of about 4,000–
5,000 fibers/year or about 0.3% out of an original population of presumably 1.4 million optic nerve fibers
[33], similar to the age-related loss of about 0.3% of
retinal photoreceptors and retinal pigment epithelium
cells [58]. These features of the normal retinal nerve
fiber layer are important for diagnosis of retinal nerve
fiber layer changes secondary to optic nerve damage in
the diseased eye.
Localized defects of the retinal nerve fiber layer
are defined as wedge-shaped and not spindle-like
defects, running towards or touching the optic disc
border [59]. If they are pronounced, they can have a
broad basis at the temporal raphe of the fundus.
Typically occurring in about 20% of all glaucoma
eyes, they can also be found in eyes with an atrophy
of the optic nerve due to other reasons such as optic
disc drusen, toxoplasmic retinochoroidal scars, and
ischemic retinopathies with cotton–wool spots of the
retina (Fig. 7.11), after longstanding optic disc edema
or optic neuritis due to multiple sclerosis, to mention
some examples. Since the localized retinal nerve fiber
layer defects are not present in normal eyes, they
almost always signify a pathological abnormality.
The nerve fiber bundle defect can best be seen with
red free ophthalmoscopy.
Besides localized retinal nerve fiber layer defects, a
diffuse loss of retinal nerve fibers occurs in eyes with
damage to the optic nerve. It leads to decreased visibility of the retinal nerve fiber layer. After sectioning of
the optic nerve in the orbit of monkeys, Quigley [61]
observed a disappearing of the visibility of the retinal
nerve fiber layer, starting 1 month after the operation,
and being complete 4 weeks later. Ophthalmoscopically,
diffuse retinal nerve fiber layer loss is more difficult to

7

Optic Disc

Fig. 7.11 Photograph of an eye of a rhesus monkey with malignant arterial hypertension and multiple cotton–wool spots
(arrows); note extensive nerve fiber bundle loss (dark arcuate
bands) in the regions of the cotton–wool spots (Reproduced
from Hayreh et al. [60])

detect than a localized defect. It is helpful to use the
variable “sequence of fundus sectors concerning the
best retinal nerve fiber layer visibility”. If one detects
that in an eye without fundus irregularities the retinal
nerve fiber layer is markedly better detectable in the
temporal superior fundus region than in the temporal
inferior sector, that points towards a loss of retinal
nerve fiber layer located mainly in the temporal inferior fundus region. This variable can be examined upon
ophthalmoscopy without applying sophisticated techniques. It is also helpful to evaluate whether the retinal
vessels are clearly and sharply detectable. The retinal
vessels are normally embedded in the retinal nerve
fiber layer. In eyes with a diffuse retinal nerve fiber
layer loss, the retinal vessels are covered only by the
inner limiting membrane, resulting in a better visibility
and a sharper image of the large retinal vessels. This is
an important variable in the diagnosis of optic nerve
damage.
The clinical introduction of the new generation of
optical coherence tomography is going to substantially improve the imaging and quantification of the
retinal nerve layer in health and disease. It is of particular importance for optic nerve diseases such as
glaucoma and NA-AION [62–65]. Evaluation of the
retinal nerve fiber layer is very useful in eyes with
nonglaucomatous optic nerve damage, such as eyes
with NA-AION. The combination of (1) decreased
visibility of the retinal nerve fiber layer, (2) increased
pallor of the neuroretinal rim, and (3) unremarkable
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Fig. 7.12 Photomicrograph
of the ONH and retrolaminar
optic nerve of a left eye with
18-day-old A-AION,
showing a sharply defined
area of necrosis in the
anterior part of the optic
nerve and a partially
disintegrated lamina cribrosa.
There is presence of
hyaluronidase-sensitive
material (blue) similar to that
found in cavernous
degeneration of the optic
nerve (Alcian blue stain)
(Reproduced from Hinzpeter
and Naumann [70])

size and shape of the optic disc, neuroretinal rim and
parapapillary atrophy characterizes the nonglaucomatous optic nerve atrophy in eyes with NA-AION, and
distinguishes it from the glaucomatous type of optic
nerve damage.

Histological Findings
Histological examinations have shown that, in agreement with the ophthalmoscopic appearance, the retinal
nerve fiver layer is thickest at the inferior optic disc
pole, followed by the superior disc pole, the nasal disc
margin and finally the temporal disc margin [66, 67]. It
agrees with the physiological shape of the neuroretinal
rim following the “ISNT” rule [2]. (Figs. 7.1a, b, and
7.2) In a similar manner, in agreement with intravital
measurements, histomorphometry has shown that the
optic disc is larger in axially highly myopic eyes than
in normal sized eyes [53]. These studies additionally
revealed that the lamina cribrosa and the sclera are
thinner in highly myopic eyes, probably due to the
myopic stretching of the posterior fundus of the eye
[68, 69]. Interestingly, our recent study on the lamina
cribrosa in monkeys with optic nerve damage after an
experimental temporary central retinal artery occlusion showed that the lamina cribrosa was thicker in
these eyes than in monkey eyes with advanced glaucomatous optic nerve damage. There has been one
report on the histology of an arteritic ischemic optic
neuropathy. The patient died 18 days after the onset of
the disease. Histology revealed an ischemic necrosis of

the prelaminar, laminar and retrolaminar regions of the
optic nerve, along with a massive presence of acid
mucopolysaccharides in the retrolaminar optic nerve
tissue (Fig. 7.12). This finding was interpreted as an
intrusion of vitreous material, resulting from breaks in
the internal limiting membrane and the pressure gradient from intraocular to extraocular tissues, an analogy
to Schnabel degeneration in acute glaucoma [70]. The
histology of the alpha and beta zones of parapapillary
atrophy has been described above.

Conclusion
This shows that a comprehensive understanding of
various aspects of normal optic disc morphology,
its physiological variations, and clinical evaluation
on ophthalmoscopy and other tests provide a valuable basis of knowledge of various types of optic
neuropathies.
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Clinical Evaluation of Patients
with Ischemic Optic Neuropathies

In my Ocular Vascular Clinic at the University of Iowa
Hospitals & Clinics, when ischemic optic neuropathy
patients are seen for the first time with a history of
visual loss (usually sudden), their evaluation is done in
the following two stages:
(a) Initial evaluation in all patients with visual loss.
(b) Evaluation of “outlier” patients, who are judged,
following the initial evaluation, not to have the
typical anterior ischemic optic neuropathy (AION)
or posterior ischemic optic neuropathy (PION);
problem cases, in other words.

I nitial Evaluation in All Patients
with Visual Loss
The following is a detailed account of my method of
evaluating these patients. The data of my various clinical studies on ischemic optic neuropathies (summarized in this book) are based on the findings from these
evaluations at the initial and follow-up visits. I am well
aware that everyone has his/her own way of examining
these patients, but this is how I have evaluated all my
patients in the various studies over the years.
The entire work-up of all new patients is done by
me personally.

Detailed History
The first, critical step in the diagnosis and management
of these or any patients is to have a detailed history
because this is the “bed rock”. What the patient has to
tell will provide critical information, and may lead

eventually to the correct diagnosis. Therefore, I spend
a lot of my time to obtain a detailed history from the
patient when he/she is first seen in my clinic. It is very
time-consuming, but an investment of time which pays
dividends in arriving at the correct diagnosis.
History of Present Illness
Since the University of Iowa Hospitals & Clinics is a
tertiary referral center, the majority of the patients are
referral patients. When I first ask the patient to tell me
what happened, it is not uncommon for them to start
by giving me the diagnosis of the previous ophthalmologist/neuro-ophthalmologist. I then tell them that
I am interested in what exactly his/her primary problem is, and ask the patient to tell me in his/her own
words, in detail, all about what happened, right from
the beginning. I let the patient describe the process at
length and listen to what he/she has to say without
interrupting, although sometimes guiding them towards
the information which may be relevant. After that,
I question the patient to obtain various specific pieces
of information which the patient may not have given,
without hinting in any way what the right answer is.
I particularly ask the patient for the following information, if he/she has not already given it.
1. Mode of onset of visual loss, i.e., whether sudden or
gradual.
2. How did the patient first discover the visual loss? That
is, suddenly noticing visual loss, or happening to cover
one eye and discover the visual loss accidentally? Or
did he become aware of the visual loss for some other
reason? How long ago was this discovered?
3. The time of the day when he/she first noticed the
visual loss. As far as I am concerned, this is critical
information. Sometimes the patient may volunteer
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this information, while at other times one has to
extract it. To get the correct information, the right
person has to ask the right question in the right
manner. In my clinic, all new patients are personally seen by me and asked this question, again without any suggestion of a “right” answer.
Was the visual loss accompanied by other ophthalmic or systemic symptoms?
What other eye problem had he/she already had
before the onset of this visual loss? This is important; for example, a patient may have had glaucoma
or ocular hypertension, which can play a role in the
development of non-arteritic AION (NA-AION).
I ask them to describe the location of their visual
loss.
Since the onset, has the visual loss been stable, or
progressively worsening, or improving?
Did he/she experience amaurosis fugax before the
visual loss? This is important because amaurosis
fugax is seen in about one-third of patients with
arteritic AION. Some patients with incipient
NA-AION also give such a history.
I ask the patient if he/she has any other relevant
information to offer about the present illness. This
makes them think twice, and sometimes recall vital
information at this point.

History of Previous Eye Diseases
Detailed information about this is essential because
those may well be relevant, as for example, one eye
already had visual loss, glaucoma or ocular hypertension, cataract surgery, uveitis, etc. Development of
NA-AION following intravitreal injection of anti-VEGF
for age-related macular degeneration has recently been
reported (see Chap. 15). There is the possibility that that
may also be occurring when intravitreal injection of
anti-VEGF is given for other diseases, e.g., diabetic
macular edema and macular edema due to other causes.

Medical History
I always tell my Residents and Fellows that it is a
patient with two eyes who is coming to consult us. It
is not one eye, an optic nerve, retina, cornea, lens or
other part of the eye which walks into the clinic to
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consult an ophthalmologist. Lack of awareness of this
very basic fact can result in missing the correct diagnosis. The eye is a part of the entire body and we know
that many systemic diseases can play important roles
in the development of many ophthalmic diseases. This
is particularly so in the case of ischemic optic neuropathies. Therefore, I quiz the patient repeatedly and thoroughly, to obtain a detailed medical history. Since
arteritic AION is due to giant cell arteritis and that is
an ophthalmic emergency, a full questioning about the
various symptoms and signs of that disease is critical
for immediate diagnosis and start of therapy to prevent
severe and irreversible visual loss (see Chap. 12). We
know that NA-AION is a multifactorial disease with
many systemic risk factors playing roles (see Chap.
14). Our large prospective study [1], based on 406
patients with NA-AION, showed association of many
systemic diseases with NA-AION. Therefore, I question the patient about all those, including diabetes mellitus, hyperlipidemia, arterial hypertension, malignant
arterial hypertension, ischemic heart and other cardiovascular diseases, cardiac and valvular disease, carotid
artery disease, cerebrovascular disease, neurological
disease, endocrinal disorders, hematologic disorders,
gastro-intestinal ulcers, hemodialysis, collagen vascular diseases (including systemic lupus erythematosus,
polyarteritis nodosa and Wagner’s granulomatosis),
migraine and other vasospastic disorders, herpes
zoster, sleep apnoea, and renal, rheumatologic, infectious, and other diseases. Any history of syphilis and
HIV infection should also be obtained. Surgical PION
develops following various types of systemic surgery
(see Chap. 20); therefore, it is essential to find out
about that. We know that distant repeated hemorrhages
can result in the development of NA-AION (see Chap.
15). Currently erectile dysfunction drugs are widely
used, and those have been found to cause NA-AION
(see Chap. 15). I have seen NA-AION develop following chemotherapy treatment of astrocytoma with
BCNU (Carmustine). Finally, I ask every patient about
other major events any time in their life. Sometimes,
when asked about systemic diseases, the patient
responds at first that “they never have had anything
wrong with them”. In such a case, my next question
invariably is, have they ever seen a doctor, and why?
That sometimes reveals new information. Thus, to get
a full picture about systemic diseases is a time consuming job but can provide important clues about
ischemic optic neuropathies.
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Family History
There is a rare entity of familial NA-AION where more
than one member of a family develops NA-AION (see
Chap. 15). Therefore, it is helpful to ask about that.
Some patients give a history that most of their relatives
have died of myocardial infarction or stroke at an early
age, which is suggestive of familial hyperlipidemia.
We know that hyperlipidemia is a risk factor for development of NA-AION. In Leber’s hereditary optic neuropathy there is a history of visual loss in the family.
NA-AION is common among diabetics and a history
of diabetes in the family may be relevant. I always ask
if there is any history of blindness, poor vision or glaucoma in the family and that information may be relevant in some cases.

Social History
I ask each and every patient about smoking – if he/she
has ever smoked, and if so when did he/she start, how
much did he/she smoke, and if still smoking. I also ask
them about drug abuse, and the use of alcohol (how
much and how often).
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arterial hypotensive drugs to treat arterial hypertension
by physicians is not uncommon (some patients being
treated aggressively for simple white-coat hypertension) and that can have the same effect. I have seen
development of NA-AION when patients were started
on Hytrin (Terazosin hydrochloride – an alpha-1-selective adrenoceptor blocking agent) or allied drugs (all
arterial hypotensive) for benign prostate hypertrophy,
which is taken at bed time. Therefore, as a rule, it is
most important to ask that question in the age group. If
a patient is on any arterial hypotensive drug, it is
important to ask how many of those drugs he/she is
taking and when. In my experience of referral cases,
I find that this important question about arterial
hypotensive drugs is rarely asked by the ophthalmologist or neuro-ophthalmologist, and an important clue
about the diagnosis and management of NA-AION is
thereby missed. It is important to ask men if they are
using erectile dysfunction drugs specifically, because
those cause arterial hypotension and are usually taken
at bedtime – they can cause NA-AION, and patients
are often unwilling to volunteer that information unless
asked directly.

Detailed Ophthalmic Evaluation
Medications
Information about the various drugs the patient is taking, their dosage and frequency, is essential. This is
because those may play a role in the development of
NA-AION. Currently a large number of very potent
drugs have emerged to treat arterial hypertension
(a common disease in the middle-aged and elderly
when NA-AION is also common), and those are being
widely prescribed. My studies have shown that nocturnal arterial hypotension plays an important role in the
development of NA-AION (see Chap. 14). My 24-h
ambulatory blood pressure recording study in more
than 700 patients has shown that when arterial hypotensive drug(s) is taken in the evening or at bedtime, it
often results in abnormal nocturnal arterial hypotension. If a patient is taking these drugs in the evening,
I invariably ask him/her whether he/she is doing that
on the advice of his/her doctor or not. Not infrequently
the patients decide to take their medication in the evening or at bedtime on their own, for no apparent reason.
My studies have also shown that overmedication with

It is crucial to evaluate the eye from A to Z, irrespective of the suspected site of visual loss. It is not a good
practice to focus simply on the eye the patient is complaining about or only the part of the eye, which one
suspects to be responsible for the visual problem.
I have found that a very common problem in ophthalmology. For example, neuro-ophthalmologists are
concerned only with what is relevant to them in the
eye, retina specialists investigating only the retina, cornea persons only examining the cornea and so on. For
example, there was a cornea specialist who performed
a corneal graft in a patient and put her on corticosteroid eye drops on a long-term basis. He was interested
only in checking the corneal graft on regular follow-up
visits; he never measured the intraocular pressure.
When I saw her, she had advanced glaucoma damage
with massive visual field loss and poor visual acuity
and intraocular pressure in the 40 s. That means her
visual acuity and intraocular pressures were never
evaluated by the cornea specialist, whose sole interest
was the state of the graft. Such a disaster can be avoided
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if an eye is routinely examined fully. Over the years I
have seen many similar examples.
Moreover, ophthalmologists sometimes evaluate
only the eye about which the patient is complaining
and forget that the patient has two eyes – and that the
second eye may also have something going on, which
may provide crucial information about the cause. For
example, I discovered that asymptomatic optic disc
edema precedes the visual loss in NA-AION [2] and
that incipient NA-AION [3] exists as a definite clinical
entity by examining the fellow eye regularly at each
visit, irrespective of whether the patient had any complaint related to the fellow eye or not. In a few cases
I found early signs of arteritic AION in the fellow
asymptomatic eye. The fact an eye is asymptomatic
does not automatically rule out the possibility of any
pathology in it. Similarly, patients with central retinal
vein occlusion almost always have normal intraocular
pressure in the involved eye, but they may have a very
high intraocular pressure or glaucoma in the fellow eye
(unknown to the patient), which was responsible for
the development of central retinal vein occlusion in the
first place [4]. Missing that information puts the fellow
eye at risk of developing glaucomatous visual loss or
even central retinal vein occlusion. These are just a
few examples of why a thorough evaluation of both
eyes is crucial at the first and also at each follow-up
visit.

 esting Visual Function in Patients with Ischemic
T
Optic Neuropathies
I use the following four tests.

Snellen Visual Acuity Testing
This is usually delegated to technicians, but I have
found that testing of visual acuity is an art and a
science. It is perhaps the most important test for all
ophthalmic patients for two reasons: (a) A patient’s
main interest obviously is to find out how much he/
she can see and whether it is getting better or worse
– that is primarily why they have come to consult an
ophthalmologist. (b) Similarly, ophthalmologists are
primarily interested to find out from published studies whether a particular treatment had a beneficial
effect or not on the visual acuity. Therefore, for both
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the patients and the ophthalmologists visual acuity
information is of major interest. Yet it is usually
assessed by persons who do not have full knowledge
of the disease and the factors which influence the
visual acuity testing. I have had patients referred to
me (even from other clinics in my own department)
with only “hand motion visual acuity” recorded by a
technician, but less than half an hour later I can often
get as good as 20/200 or even better in them. This is
because patients with a large central scotoma or with
a visual field defect involving central fixation area,
have a natural tendency to fixate at the center of the
visual acuity chart and say they cannot see anything.
The technician then puts his/her fingers in the center
to find out if the eye can count fingers but since the
fingers are lying in the central scotoma, the patient
denies seeing that. The next step is that the technician
waves the hand, which goes into the seeing area and
a visual acuity of hand motion is recorded.
Throughout my ophthalmic career, I have tested
visual acuity in all my patients myself. For the reasons
discussed above, it is well worth the time spent on that,
to get valid information. As described above, there is a
natural tendency for the patient to fixate at the center
of the chart, but when they have a central scotoma or
when a visual field defect involves central fixation
area, they are not able to read the chart. Therefore,
right at the start of testing, I tell them that by fixating
at the center of the chart they may not be able to see
properly or anything at all, but that they should look
around to find out a spot where they can see best; that
is, I encourage them to use eccentric fixation. Patients
often do not know what eccentric fixation means, so
I try to give them a simple example. I tell them that, for
example. “If you go to a party and want to know what
someone is wearing, but you do not want that person to
see you are staring at him/her, what do you do?” He/
she immediately says that you look ahead but look at
them “out of the corner of your eye”. That gives them
the idea what eccentric fixation is. I give a patient all
the time he/she needs to discover by various head or
eye movements where he/she can see best and how
much, making sure that the other eye is completely
covered. Often patients are surprised how much better
they can see with eccentric fixation. This also acts as
useful education for the patient to use eccentric fixation. I have found that some patients are delighted to
find that they see better, and are able to watch television with eccentric fixation. On follow-up visits the
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same procedure is repeated to get reliable visual acuity
data. Of course, valid visual acuity is the best corrected
visual acuity.
This limitation of simple visual acuity testing has
important implications in the visual acuity results
reported by various studies dealing with various modes
of treatment. When a patient has a central scotoma or a
visual field defect which involves the central fixation
area, he/she tests poorly at initial testing, with poor
visual acuity for the reasons mentioned above. In due
course many of them may learn to fixate eccentrically
and see much better and that apparent improvement
may erroneously be attributed to the beneficial effect
of a treatment, when in fact that really is not the case at
all. This is not rare among the reported claims of beneficial effects of some treatments in some published
studies.

Near Visual Acuity
This is also recorded in both eyes. Since most patients
with NA-AION use bifocal glasses, the near visual
acuity is tested with those glasses, holding the test
chart at the right distance from the eye. I have always
used the following near vision test chart: “Reading
Test Types Approved by the Faculty of Ophthalmologists,
London, England”. Compared to the commonly used
“Jaeger chart” (with words only), this near vision test
chart has the distinct advantage of being in the form of
a 4-page booklet containing 11 paragraphs in ascending print sizes; the experience is like reading a book.
Patients prefer that to the “Jaeger chart”.
Amsler Grid Testing
This is very useful to test the central visual field
defect. I have seen time and time again that when
there is a metamorphopsia in the central region which
results in visual acuity as bad as 20/200, regular
perimetry may show no defect but Amsler grid testing immediately outlines that defect. This is because
with the Amsler grid we are testing resolution but not
so with perimetry.
Since most patients with NA-AION use bifocal
glasses, like the near visual acuity testing, Amsler grid
testing is also done with those glasses, holding the test
chart at the right distance from the eye. I first ask the
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patient to look at the Amsler chart with the normal eye
so that he/she gets the idea what it looks like normally.
Then I ask them to look at the chart with the involved
eye only, covering the good eye. I ask them to imagine
where the center of the chart is from the outline of the
entire chart. While testing visual acuity, I was stressing
eccentric fixation all the time, but now I tell them that
they have to fixate firmly at the center of the chart all
the time, even if they do not see that, and not use eccentric fixation at all. Then I ask them to outline the defect
with a pencil/pen and tell me what is wrong with that
area. To know the nature of the defect is important,
because at subsequent visits not only the change in the
size of the defect but also the nature of the defect is
important. For example, the involved area may initially
be totally dark but on subsequent visits the darkness
may become less and less marked, showing progressive improvement. I keep those charts in the patient’s
chart for subsequent comparison. I have found that that
has provided very useful information in visual
evaluation.
Visual Field Testing
All eyes with ischemic optic neuropathies have optic
nerve related visual field defects. Therefore, perimetry
is essential in each and every case to get the correct
information. This provides important information
which is not provided by the visual acuity or Amsler
grid testing. This is because visual acuity is a function
primarily of the foveal region (maculopapillary nerve
fibers), and it gives no information at all about what is
going on in the rest of the retina or the optic nerve.
Currently visual field testing is done by two methods:
(1) manual kinetic perimetry, and (2) automated static
threshold perimetry. Both types have their advantages
and disadvantages, and one should be aware of those
when interpreting the findings.
1. Automated static threshold perimetry: Currently,
automated threshold perimetry [Humphrey 30-2 or
24-2 SITA (Swedish Interactive Testing Algorithm)]
is the most widely used form of perimetry. It routinely gives information about the central 24° or
30°. It is quantitative and can provide information
on the depth of threshold loss in that region. Patients
with ischemic optic neuropathies and severe visual
field loss have profound loss of threshold over the
entire 24° or 30°. In patients who can perform in
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a reliable fashion (with only a small number of false
positive and negative results and few fixation
losses), the probability plot in the computerized
report is useful because it provides a statistical basis
for how abnormal each tested point is with regard to
the threshold, compared to age matched normal
eyes. However, automated threshold perimetry has
some severe limitations compared to manual kinetic
perimetry (recorded with a Goldmann perimeter).
2. Manual Kinetic Perimetry: The visual field information provided by manual kinetic perimetry performed
with a Goldmann perimeter may be very different
from that by automated static threshold perimetry.
The latter does not provide any information beyond
the central 24–30°. Kinetic perimetry, by contrast,
provides information all the way to about 80–90°
temporally, 70° inferiorly, 60–70° nasally and 50–60°
superiorly. This has important implications in characterizing the visual field defects in NA-AION and
evaluating visual disability caused by NA-AION.
 haracterization of Visual Field Defect Based
C
on the Two Types of Perimetry in NA-AION
Information provided by automated perimetry may
result in different characterization of pattern of the
visual field defects compared to that by kinetic perimetry. For example, in automated perimetry a large scotoma or defect extending all the way to 24–30° is
almost invariably interpreted as an “altitudinal field
defect” (Fig. 8.1a), when kinetic perimetry may show
a normal peripheral field beyond that (Fig. 8.1b); this
has important implications: (1) This may be one of the
reasons that an inferior altitudinal visual field defect is
almost invariably described as the classical field defect
in NA-AION, which it is not in fact the case in most
NA-AION eyes (see Chap. 16) (Fig. 8.1), and (2) Full
information about the peripheral visual fields (which
the automated does not provide) is critical to evaluate
the degree of visual disability, since the peripheral field
plays a critical role in our “navigating” and day-to-day
living. In addition, I have found that most patients prefer manual kinetic perimetry over automated perimetry, and patients who are too old or too young to
participate in automated perimetry do well on manual
kinetic perimetry. It is most unfortunate that the
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highly useful manual kinetic perimetry is rapidly
being replaced by automated perimetry.
The entire subject of perimetry in NA-AION is discussed at length in Chap. 16.

Color Vision Testing
I have found that in eyes with poor visual acuity due to
ischemic optic neuropathies, this is not a reliable test,
and does not provide any useful information. I seldom
use this.

Complete Ophthalmic Evaluation
This involves examining both eyes thoroughly from A
to Z, without any exception. Both the anterior and posterior segments must be evaluated meticulously.
 nterior Segment and Slitlamp Biomicroscopic
A
Evaluation
Each part of the eye must be examined meticulously.
1. External Evaluation: This may show abnormalities
which may be important, e.g., proptosis. Evaluation
of the extraocular muscle function is essential in
any neurological assessment.
2. Penlight Evaluation: This includes evaluating eyelids, conjunctiva, episclera, sclera and cornea. The
most important test with this method is the relative
afferent pupillary defect and measuring it in log
units with various filters by the swinging flashlight
test. For example, if the left eye has ischemic optic
neuropathy, when the light is shining on the normal
right eye both pupils constrict, but when the light is
switched to the left eye (with ischemic optic neuropathy) both pupils dilate; once again, when the
light is swung back to the normal right eye, both
pupils constrict again. The degree of relative afferent pupillary defect is measured by placing various
filters in sequence in front of the normal right eye
and the above test is repeated; when the appropriate
filter is in place, that neutralizes the afferent pupillary defect and both pupils constrict equally.
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a

Fig. 8.1 This shows the difference in pattern of visual field
defect revealed by visual fields plotted with an automated perimeter (a) and Goldmann perimeter (b) in an eye with NA-AION.

Inferior paracentral scotoma seen in (b) plotted with Goldmann
perimeter was interpreted in automated perimetry field in (a) as
inferior altitudinal defect
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b

Fig. 8.1 (continued)

3. Slitlamp Biomicroscopic Evaluation: A thorough
slitlamp examination of the entire anterior segment
from front to back is essential. The conjunctiva may
show marked chemosis, sarcoid nodules or other
abnormalities. There may be marked congestion of
blood vessels in the episclera and sclera. I have seen
patients with scleritis which involved the optic
nerve head and resulted in a diagnosis of NA-AION.
In the cornea, detection of some abnormalities, such
as amiodarone keratopathy, may be helpful.
Evaluation of the anterior chamber for evidence of
uveitis or bleeding or narrow angle or any other
abnormality is important. I have seen a few cases
where an eye had a transient bleed from an old cataract operation site, causing recurrent episodes of
amaurosis fugax, which resulted in extensive,
expensive and unnecessary neurological evaluation;
this could have been totally avoided by a careful slit
lamp evaluation of the anterior chamber for red
blood cells. Examination of the iris for evidence of
iritis, posterior synechiae, neovascularization or
other abnormalities can be helpful. Evaluation of
the angle on gonioscopy may show evidence of
angle closure or neovascularization in some cases.
Evaluation of the intraocular pressure is absolutely
essential in eyes with NA-AION, because the blood
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flow in the optic nerve head depends upon the perfusion pressure (mean blood pressure minus intraocular
pressure) in it. A rise of intraocular pressure may lower
the perfusion pressure below the critical level and
result in optic nerve head ischemia (see Chap. 5), as
seen in eyes with ocular ischemic syndrome and in
post-cataract extraction NA-AION. Testing of intraocular pressure is an art and science. This is because the
intraocular pressure is influenced by the following
factors;
1. Holding the breath during testing is common, a
natural tendency on the part of the patients. That
raises the CO2 blood level, which immediately
causes dilation of the uveal vascular bed. That in
turn, results in a rise of intraocular pressure – I have
seen that to go as high 5 mmHg or even higher in
some cases.
2. Looking up, once again not an uncommon reaction
on the part of patients, results in a rise of intraocular
pressure by compression of the eyeball by the contracted extraocular muscles. This plays an important part in thyroid eye disease.
3. Squeezing the eyelids again raises the intraocular
pressure.
4. Lifting the eyelid by the examiner can also compress the eyeball in some case and result in a rise of
intraocular pressure.
Thus there are several pitfalls in measuring the intraocular pressure accurately, which are often not realized.
Since the level of intraocular pressure is important for
several reasons, not only in ischemic optic neuropathies but in also several other ocular vascular disorders, I evaluate the intraocular pressure with a
Goldmann applanation tonometer myself, in all my
cases. I give the following instructions to the patients
before starting to measure the intraocular pressure: (1)
keep breathing normally and do not stop breathing, (2)
look straight ahead all the time, and (3) do not
squeeze.
Examination of the lens is done after dilating the
pupil because that provides the best information about
various lens changes, e.g., nuclear sclerosis, lens opacities, posterior subcapsular cataract and pseudoexfoliation. It is well-know that poor visual acuity may simply
be due to lens changes.
A detailed examination of the vitreous is important in all cases. In ischemic optic neuropathies,
there are usually age-related vitreous changes. The
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presence of posterior vitreous detachment in the age
group of ischemic optic neuropathies is not uncommon; however, vitreous traction has rarely been postulated as responsible for the development of
NA-AION. The most important thing to look for is
the presence of cells in the vitreous; this is critical
for the differential diagnosis of NA-AION from other
conditions (see Chap. 16).

Fundus Evaluation
In neuro-ophthalmology the focus of examination of
the fundus in eyes with ischemic optic neuropathies
usually tends to be mainly on the optic disc evaluation and the fundus in its immediate vicinity. As a
routine, I examine every eye using (1) indirect ophthalmoscopy, (2) direct ophthalmoscopy, and (3) contact lens – in that order, after dilating the pupil. Each
of these methods of examination supplies different
information. One could compare this to examining a
histological section under the low, medium and high
powers of a microscope.
1. Indirect Ophthalmoscopy: With this method, I examine the entire fundus thoroughly, to find any abnormality anywhere in the fundus. I have found this very
useful in eyes with ischemic optic neuropathies, to
rule out any other factor which may be playing a role.
2. Direct Ophthalmoscopy: This is invariably the
method used by neuro-ophthalmologists. No doubt
this is a very useful technique, but it mainly evaluates the posterior fundus and totally misses the findings beyond that. A detailed evaluation of the optic
disc and adjacent retina is critical in AION. I have
found that further evaluation with a red free filter in
direct ophthalmoscopy often reveals findings not
evident from ordinary direct ophthalmoscopy. For
example, it enhances nerve fibers, abnormal blood
vessels, hemorrhages, microaneurysms, lipid deposits (the so-called “hard exudates”) and microcystic
macular edema; this can provide very useful additional information. On direct ophthalmoscopy,
I have found that in eyes with optic disc drusen, if
the drusen are retroilluminated by putting the ophthalmoscope light at the margin of the optic disc,
the drusen light up. That makes it easy to find the
drusen even when they may not be clearly visible
on direct ophthalmoscopy per se.
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3. Contact Lens Biomicroscopic Examination:
For this I always use a Hruby lens, which gives
me a very clear three dimensional image. I use
this only when I have any doubt about the optic
disc and macular findings from direct
ophthalmoscopy.
Fundus Photography
I always take 30° and often also 60° stereoscopic fundus photographs of the involved eye. Stereoscopic
fundus photographs of the optic disc provide very useful information to evaluate optic disc changes initially
and on a serial follow-up of patients with AION. If
there is any suspicion of macular changes, stereoscopic
photographs of the macular region are also taken
separately.

Fluorescein Fundus Angiography
In 1964 I was one of original pioneers of fluorescein
fundus angiography. I have used it extensively to evaluate various ocular circulatory beds in my experimental and clinical studies ever since. The advent of
fluorescein angiography revolutionized our understanding of the retinal, optic disc and choroidal circulations in health and disease.
I have always performed fluorescein angiography
(normally stereoscopic) regularly in all eyes with
AION, some 1,300 eyes now. It provides important
and useful information when performed during the
initial stages of the disease. The telltale impaired circulation and its location in AION are seen on angiography only during early stages of the disease and
during the very early retinal arterial phase of dye
filling in the fundus. In my clinical studies on AION,
angiography has provided crucial information about
its pathogenesis as well as the differential diagnosis of
arteritic from NA-AION. The fluorescein fundus
angiograms given in Chap. 3 demonstrate the value of
angiography in diagnosis of arteritic and NA-AION,
as well as its use in revealing the optic nerve head
blood supply in AION. Its role in NA-AION is discussed in Chap. 16. It is most unfortunate that this
extremely useful and readily available test is not
used by neuro-ophthalmologists as often as it should
be in evaluation of AION. Many NA-AION patients
who come to consult me, who have previously seen
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neurologists/neuro-ophthalmologists come loaded
with optical coherence tomography, magnetic
resonance imaging and/or magnetic resonance angiography films ordered by the neurologists/neuroophthalmologists, showing no abnormality at all. I
have also seen patients who lost vision in one eye due
to occult giant cell arteritis and had multiple neuroradiological evaluations done by neurologists/neuroophthalmologists, when doing fluorescein angiography
would have immediately provided a definite diagnosis (see Chap. 12); delay in some of these cases
resulted in bilateral complete blindness which could
have been prevented completely. I find that fluorescein angiography provides much more useful information in evaluation of AION than neuroradiological
evaluations, but it is rarely performed. Fluorescein
angiography is also much cheaper than those neuroradiological evaluations. My experience of dealing with
AION during the past 4 decades has been that neuroradiological evaluations only rarely reveal any
abnormality.

Hematological Evaluation
I routinely do the following hematological evaluations
in all patients first seen with visual loss.
1. Erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) testing: This is done regularly on the initial visit in all AION, PION and
retinal arterial occlusion patients aged 50 years or
older. Testing for ESR and CRP is crucial for all
these patients, without any exception, to rule out
giant cell arteritis, since that is an ophthalmic emergency and its early detection and immediate intensive high-dose corticosteroid therapy can prevent
visual loss (see Chap. 13). In my clinic, I receive the
result of both tests in 1–1½ h. My patients do not
leave the clinic till I have the results of both ESR
and CRP available to make sure no patient with
giant cell arteritis is missed.
2. Fasting lipid profile and glucose evaluation: This
is done on a subsequent follow-up visit, or as soon
as possible.
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I see no point in doing detailed thrombophilic testing
in patients with NA-AION since it is not a thrombotic
disorder but a hypotensive disorder (see Chap. 14).

Temporal Artery Biopsy
This is done when a diagnosis of arteritic AION is suspected from clinical findings (see Chap. 12), or giant
cell arteritis is suspected from the elevated ESR and
CRP, and other clinical finding (see Chap. 10). The
subject of temporal artery biopsy in giant cell arteritis
is discussed at length in Chap. 11. In cases suspected
to have giant cell arteritis, there is no urgency to do a
temporal artery biopsy immediately, but an immediate
start of the treatment with high-dose corticosteroid
therapy is most critical in these cases to prevent any
visual loss. Corticosteroid therapy does not alter the
outcome of temporal artery biopsy, as discussed in
Chap. 11. To wait for a temporal artery biopsy result to
start corticosteroid therapy may result in permanent
visual loss which can be prevented; therefore, my
advice always has been not to wait for the temporal
artery biopsy result to start the corticosteroid therapy.
I do not recommend doing temporal artery biopsy on
both sides at the same time – after all, temporal artery
biopsy is not a benign procedure and I have seen scalp
necrosis following this practice. To get reliable information from a temporal artery biopsy, it is essential to
keep the following two most important considerations
in mind: (1) there should be at least a one inch piece of
temporal artery (Fig. 8.2), and (2) the artery must be
serially sectioned. For example, in one of my cases,
only 1 of about 300 sections showed definite evidence
of giant cell arteritis.

Systemic Evaluation
If the diagnosis of AION or PION is definite, then the
patient requires complete systemic evaluation because
both NA-AION and PION are multifactorial in nature,
with systemic risk factors playing a role in their
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Fig. 8.2 Temporal artery biopsy. Arrows show the superficial
temporal artery ligated on two sites before at least 1 in. piece of
it is cut for serial sectioning

development. This includes evaluation for various risk
factors, including diabetes mellitus, hyperlipidemia,
arterial hypertension, arterial hypotension, collagen
vascular diseases, sleep apnoea and other possible risk
factors, depending upon a patient’s status of health
(see Chap. 14). Information about these risk factors is
essential in the management of NA-AION (see Chap.
17) and non-arteritic PION (see Chap. 22). I advise all
patients to have a complete physical checkup.

 ollow-up Evaluation of Eyes
F
with AION and PION
The follow-up protocols for these eyes are discussed in
the chapters dealing with the management of AION
(Chaps. 13 and 17) and PION (Chap. 22). At each visit,
a brief history is recorded about the change in visual
status, any new ocular or systemic development, and if
on corticosteroid therapy a detailed evaluation of any
side-effects of the therapy and dosage. At each visit,
the detailed ophthalmic evaluation is exactly the same
as described above.

When a patient presents with unilateral or bilateral
optic disc edema associated with a history and examination that is supportive of a diagnosis of NA-AION,
most experienced clinicians would not pursue further
ancillary testing, such as neuro-radiologic imaging,
optical coherence tomography (OCT), extensive blood
tests, or carotid and heart ultrasound imaging. However,
some cases of optic disc edema may not show the typical history, examination features and epidemiological
profile expected with NA-AION. These patients often
need further evaluation to look for an alternative
diagnosis.
Patients with the following conditions often warrant
further evaluation:

 nilateral Optic Disc Edema with Visual
U
Field Loss
Consider the following alternative causes of unilateral
optic disc edema besides NA-AION, particularly in
young patients or patients with a history of vision loss
that does not follow the typical pattern of NA-AION.
(a) Acute neuro-retinitis before a macular
star develops
These patients usually have vitreous cells and a central
visual field scotoma on acute presentation in one eye,
but rarely both eyes may be involved. If the scotoma is
due to a neurosensory detachment with subretinal
fluid, then the visual field loss is often reversible.
However, some cases of neuroretinitis involve direct
injury to the neural layers in the retina and may result
in permanent loss. In this setting, optical coherence
tomography (OCT) may help to identify the extent
(area) of neurosensory detachment to determine if it
corresponds to the area of the visual field defect. OCT
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of the macula may also show thickening in the outer
plexiform layer, a location where exudates associated
with a macular star may develop over time. Exudates
are seen as highly reflective discrete bodies within the
outer plexiform layer with OCT. If there is still a central scotoma when fluid has resorbed and is not present
on OCT, then multifocal electroretinography (mfERG)
may reveal decreases in evoked potentials from the
inner retina. When neuroretinitis is suspected, a serum
sample is submitted for analysis of antibodies to
Bartonella henselae, a protobacterium, which provides
both IgG and IgM levels. However, not all cases of
neuroretinitis will have antibodies to this organism, so
a negative serum test does not rule out neuroretinitis.
In most cases the central visual field defect resolves
over time, but this may take many months; some cases
show permanent loss of neurons in the inner retina
with permanent residual visual field loss.
(b) Optic disc vasculitis
Patients with optic disc vasculitis, by definition have
vitreous cells, a disc that leaks fluorescein on fluorescein angiography, and usually have chronic disc edema
that does not resolve spontaneously over time, as
would be the case with classic NA-AION. These
patients usually have very little visual field defect,
except for an enlarged blindspot, awareness of which
often brings them for consultation. Usually they complain more about visual symptoms than revealed by
visual testing. It is a self-limiting disease. There may
be an underlying inflammatory disorder responsible
for the vasculitis, so serum tests for autoimmune disorders, sarcoid, and syphilis may be indicated.
(c) Leber’s hereditary optic neuropathy
These patients are classically in the second or third
decade of life and the visual loss is frequently preceded
by binge alcohol drinking. However, there are a number of case reports presenting with sequential visual
loss in one eye and then the other within 6–12 months
that are older, even in as old as 80. Unlike NA-AION,
the optic disc appearance is more hyperemic than
frankly edematous. It has also been reported that the
retinal nerve fiber layer (RNFL) as measured by OCT
is thickened even in sectors without visual loss and
also in the asymptomatic fellow eye. As atrophy develops, the RNFL becomes thin in the sectors corresponding to the visual field loss, which is usually in the
ceco-central location. The major distinguishing feature
is that the visual field loss is out of proportion to the
disc appearance and that there is absence of disc edema
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which may be confused with hyperemia. These patients
may present with the first eye involved or after the second eye becomes involved, at which time optic atrophy
may already be present in the eye that was first affected.
When there is clinical suspicion of Leber’s Hereditary
Optic Neuropathy, then genetic testing should be performed to look for one of the three known mitochondrial mutations.
(d) Acute optic neuritis with disc edema
In younger patients (i.e., under the age of 45), acute
optic neuritis can sometimes be a challenge to differentiate from NA-AION occurring in a young person.
There are also rare patients that can develop acute optic
neuritis older than age 45. With time, most patients
with acute optic neuritis having visual field loss recover
to a greater extent than has been reported with
NA-AION. However, some patients with severe optic
neuritis and poor vision during the acute stage may not
have significant recovery of vision, and this is especially true of neuromyelitis optica, a rarer form of optic
neuritis not associated with multiple sclerosis.
Clinically, there is usually only mild optic disc edema
with acute optic neuritis, compared to more significant
optic disc edema seen with NA-AION. However, with
the advent of OCT, the percentage of patients with retinal nerve fiber layer thickening is much greater than
previously reported, often greater than 50% in some
series. Although pain with eye movement is a common
feature of acute optic neuritis, this is not a differentiating feature, since some patients with acute NA-AION
also may have orbital pain. In cases of acute optic neuritis, neuroimaging with magnetic resonance imagining (MRI) usually reveals enhancement of the inflamed
area of the optic nerve with gadolinium contrast,
whereas NA-AION typically does not result in
enhancement of the optic nerve with MRI imaging.
The presence of other areas of demyelination in the
white matter of the brain is also a common finding on
brain MRI imaging in patients with optic neuritis.
Patients with NA-AION may have similar changes on
MRI imaging due to small vessel ischemia, but these
are not restricted to just white matter, as in the case of
demyelination of the brain with multiple sclerosis
associated with acute optic neuritis.
(e) Orbital compressive optic neuropathy with disc
edema
Most patients with compressive optic neuropathy (e.g.
Graves’s orbitopathy) and visual field loss do not show
optic disc edema, except when the compression occurs
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within the orbit. Enlarged extraocular muscles, orbital
tumors such as meningiomas or hemangiomas may produce optic disc edema. The optic disc edema is usually
chronic, not segmental, and may also be due to venous
congestion. In cases of visual field loss associated with
chronic optic disc edema, an orbital imaging study is
indicated (orbital ultrasound, CT or MRI scan).
(f) Inflammatory optic neuropathy other than optic
neuritis
These, for example, include toxoplasmosis or sarcoid
disc granuloma, syphilitic optic neuropathy, and posterior scleritis. Inflammatory causes of visual field loss
that also cause optic disc edema are usually located at
the anterior portion of the optic nerve. Such cases may
be associated with prominent pain (posterior scleritis)
and may require MRI imaging to investigate for enhancement of the optic nerve within the orbital portion.
Inflammation of the optic nerve head may also show an
abnormal topography of the optic nerve on examination
if a granuloma is present within the disc tissue. Usually
the visual field and vision loss is progressive and the
optic disc edema is chronic. At the time of discovery,
these unusual causes of visual field loss associated with
disc edema may be difficult to differentiate from
NA-AION. Some cases of posterior uveitis have an
associated, secondary optic disc edema, and are associated with other retinal signs of uveitis and vitritis.
(g) Asymmetric or unilateral optic disc edema due
to raised intracranial pressure
Most cases of raised intracranial pressure have bilateral
optic disc edema, and the associated visual field loss
usually consists of an enlarged blind spot. However,
some cases may have neurosensory detachment associated ceco-central visual field loss or an arcuate bundle
visual field defect associated optic nerve damage. The
latter may be a form of optic disc ischemia associated
with optic disc edema caused by raised intracranial pressure. Some cases of optic disc edema from raised intracranial pressure are asymmetric, owing to asymmetric
anatomical resistance to the transmission of fluid pressure within the arachnoidal trabeculae within the optic
canal. Most of these cases have associated symptoms of
raised intracranial pressure, such as pulse synchronous
tinnitus and headache. The disc edema, even if asymmetric is usually chronic. Asymmetric optic disc edema
with some elevation of the nerve head in the lesser
affected eye accompanied by symptoms of raised intracranial pressure may warrant neuroimaging to look for
causes of raised intracranial pressure and other
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associated neuroimaging signs such as a concave sella
turcica, flattening of the posterior globes and focal narrowing along the transverse/sagittal venous sinuses.
With a high index of suspicion, a lumbar puncture
should be considered to evaluate opening pressure and
fluid content.
(h) Elevated optic nerve due to buried optic disc
drusen or anomalous disc
These patients are usually asymptomatic and are discovered on routine fundus evaluation. The nerve appears
elevated but rarely appears swollen as is the case with
NA-AION and do not have associated superficial hemorrhages or frank edema of the retinal nerve fiber layer.
Sometimes there is an associated subretinal hemorrhage
in the peripapillary retina. These patients have normal
vision and most of the time have normal visual fields. In
some cases, where the peripheral visual field is measured with kinetic perimetry, there may be peripheral
visual field loss in an arcuate or a scalloped pattern, but
the central visual field is almost always normal. If there
are buried drusen that are calcified, but cannot be seen
on fundus examination, then orbital ultrasound may be
of benefit in detecting drusen. A noncontrast CT scan
may also disclose the calcified drusen. Since axoplasmic flow stasis is common, an OCT scan of the retinal
nerve fiber layer may show mild thickening.

 nilateral Optic Disc Edema Without
U
Visual Field Loss
(a) Incipient AION
As described in another chapter (see Chap. 15), incipient NA-AION presents with asymptomatic optic disc
edema, without visual field loss. These patients usually
have risk factors associated with NA-AION (see Chap.
14). If these factors are present, then interventions to
reduce the risk factors should be undertaken, providing
there are no other signs, such as vitreous cell or symptoms of inflammatory optic neuropathy or raised
intracranial pressure (see above).
(b) Vitreous traction syndrome
In some patients the vitreous attachment to the optic
nerve head may cause traction, resulting in chronic optic
disc edema and leakage of fluorescein angiography.
OCT of the optic nerve head is a very sensitive imaging
test to demonstrate vitreous traction with tenting up of
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disc tissue. These cases usually do not show visual field
defects except for an enlarged blind spot. Many are self
limiting and resolve following a posterior vitreous
detachment. If associated with macular edema and
visual field loss, vitrectromy should be considered.
(c) Pseudopapilledema and buried optic disc
drusen
See above (some cases have no associated visual field
loss).

 ilateral Optic Disc Edema and Visual
B
Field Loss
(a) Raised intracranial pressure
See above for description under asymmetric optic disc
edema. Raised intracranial pressure may be due to
intracranial masses, venous sinus thrombosis, sleep
apnea causing both increase in intracranial pressure
and/or NA-AION, and idiopathic intracranial hypertension with visual field loss due to NA-AION-like
ischemia, especially in hypertensives. As described
above, these patients usually have symptoms of raised
intracranial pressure and chronic optic disc edema,
unlike NA-AION. They usually require neuroimaging
with MRI and MRV and lumbar puncture.
(b) Malignant arterial hypertension
These patients may or may not show other retinal or
choroidal signs of high blood pressure. This is why
blood pressure should be measured in patients with
optic disc edema. An automated blood pressure cuff
measurement may sometimes be more reliable than a
manual blood pressure reading when the ancillary staff
does not have enough experience.

 o Optic Disc Edema, but Decrease in
N
Visual Function (Tentative Diagnosis
of Posterior Ischemic Optic Neuropathy)
Since posterior ischemic optic neuropathy (PION) is a
diagnosis of exclusion, in them one has to rule out
compressive optic neuropathy, infiltration of optic
nerve with tumor, sarcoid or Wegner’s optic neuropathy,
and ethambutal toxicity and retinopathy. See Chap. 21
on PION.
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 ain Ancillary Tests Useful in the
M
Differential Diagnosis of the Above
Outlier Cases
Radiological Tests
These include magnetic resonance imagining (MRI)
of the orbit (fat suppression) and of the brain with and
without gadolinium (to look for compressive optic
neuropathy, enhancement of optic nerve from inflammatory optic neuropathies, and infiltrative tumors)
MRI Scan
In this setting, the purpose of neuroradiologic investigation is to provide evidence for causes of visual loss
and optic disc edema other than NA-AION. The following are the main “outlier” causes of optic neuropathy not due to NA-AION that cause the following
abnormalities on MRI scan:
1. Enhancement of the optic nerve with gadolinium
and fat suppression
Enhancement of the anterior visual pathway usually
indicates a breakdown of the blood-optic nerve barrier
at the capillary endothelial level, which can occur in
pathology such as granulomatous inflammation (sarcoidosis or Wegner’s granulomatosis), non-granulomatous inflammation of the optic nerve (acute
demyelinating optic neuritis, autoimmune optic neuritis, neuromyelitis optica), infiltration of the optic nerve
by cancer (metastatic disease, malignant glioma of
adults, and in rare cases lymphomatous infiltration),
and in some cases of PION.
2. Compression of the optic nerve by external
masses
These include meningioma, enlarged extraocular muscles (Grave’s compressive ophthalmopathy), retroorbital masses (i.e., cavernous hemangioma, orbital
varix, carcinomas) and intracranial aneurysms compressing the optic nerve.
3. Compression of the optic nerve by internal
masses
This includes intrinsic tumors of the optic nerve such
as optic nerve glioma
4. MRI evidence of arteritic AION
Recently, there have been reports showing periarterial
enhancement of the temporal and occipital arteries
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on fat suppressed MRI scans with gadolinium, which
help support a diagnosis of temporal arteritis.
5. MRI evidence for bilateral postgeniculate
pathology
This affects both hemifields of each eye due to stroke
or masses (e.g. bilateral occipital stroke), in which
case the optic nerves appear normal on exam, but the
patient has visual loss in each eye.

CT Scan
Orbital CT scan without contrast is often very sensitive
for diagnosing Grave’s compressive optic neuropathy
when the clinical examination raises this suspicion and
in this setting may be substituted for an orbital MRI
scan; in addition, if there is any suspicion of optic canal
narrowing (causing compressive optic neuropathy) by
hyperostosis of bone caused by meningioma, Crouson’s
disease in children, and tumors of osseous tissue (i.e.,
fibrous dysplasia). Orbital CT with contrast can be
helpful in diagnosing retro-orbital vascular abnormalities such as hemangioma and varix and with newer CT
angiograms, aneurysms compressing the optic nerve.
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expertise and technical specifications of imaging centers, it is still considered the “gold standard” upon
which other emerging technology is compared.

Ultrasound of the Orbit
Unlike other imaging modalities, such as CT and MRI,
orbital ultrasound requires an examiner with the
knowledge and experience required to produce the
correct orientation of the ultrasound probe with respect
to the orbital tissue to define a specific soundwave-tissue interaction that yields accurate diagnostic information. Many institutions do not have the resources to
train and maintain echographers experienced in both
A and B scans, so ultrasound is being used to a lesser
extent presently, especially in A scan mode. However,
in the right hands, it can be an important diagnostic
tool for defining orbital tumors, vascular abnormalities
and optic nerve pathology, including compressive optic
neuropathy due to pathologically enlarged extraocular
muscles.

Optical Coherence Tomography (OCT)
PET (Positron Emission Tomography) Scan
Since PET provides a relatively low resolution inventory of highly metabolic tissue, it may be useful in providing additional evidence of inflammatory causes of
optic neuropathy, such as sarcoidosis and Wegner’s
granulomatosis and in some cases, metastatic tumors
in and around the optic nerve. Conversely, tissue with
abnormally low metabolic consumption can be diagnosed and may be useful in cases of Alzheimer’s variant of bilateral vision loss, in which case the occipital
cortex shows very low metabolic activation on PET
scans.

Conventional Cerebral Angiography
With the increase in sensitivity and specificity of MRI
and CT angiography, conventional angiography is now
used primarily to define vascular pathology during
interventional treatment, as in the case of aneurysms
and vascular malformations. Depending upon the

To evaluate the extent of optic nerve fiber loss, retinal
thickness (in old branch or central retinal artery occlusion), and subretinal fluid, OCT has seen a great
increase in use in ophthalmology and in neuro-ophthalmology in recent years, but the indication for its
use in the setting of visual loss where the cause is still
uncertain is still being refined, especially as the technology is evolving. The following is a list of its present
use as an ancillary test in patients in whom a diagnosis
of NA-AION is equivocal:
(a) Optic atrophy without a clear history of
preceding optic disc edema
In some cases of presumed NA-AION where the
patient comes to medical attention with a pale nerve
and permanent visual field loss, it may be helpful to
rule out other causes, such as previous branch or central retinal artery occlusion. Although both NA-AION
and artery occlusions will show thinning of the retinal
nerve fiber layer after a number of months, patients
with artery occlusions have more thinning of the total
retinal thickness (i.e., macula thickness shows highly
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statistically significant thinning) compared to patients
with NA-AION, owing to the damage to the nerve fiber
layer, ganglion cell layer and a portion of the bipolar
cell layer. Therefore a helpful footprint of a previous
retinal artery occlusion besides narrowing of arteries is
that the total retinal thickness is less than one would
expect purely from an optic neuropathy such as
NA-AION or non-arteritic PION, for the same degree
of visual field loss and retinal nerve fiber layer
thickness.
(b) Very subtle optic disc edema in early, mild
NA-AION or during resolution of edema
Some patients may have equivocal optic disc edema on
clinical examination and in these cases the OCT may
help to substantiate that the retinal nerve fiber layer of
the eye with suspected AION is thicker when compared to the other fellow eye. The OCT may also help
substantiate whether the optic disc edema is resolving
over time when studied at different visits.
(c) Optic disc edema due to vitreous traction on the
optic nerve head
In patients with chronic unilateral optic disc edema,
the OCT can help confirm that this is the underlying
cause rather than other pathologies.
(d) Optic disc edema with fluid in the subretinal
space and visual field loss
In some cases of acute NA-AION the optic disc edema
may be associated with fluid in the subretinal space
causing a neurosensory retinal detachment which can
track from the disc to the macula. OCT may be helpful
in quantifying the presence and amount of fluid in this
location and may help explain a portion of the visual
field and vision loss, which may be partly reversible
when the fluid resolves.
(e) Optic disc edema not due to NA-AION
In a small number of patients who may have neuroretinitis and not NA-AION, OCT may reveal fluid in the
outer plexiform layer with very small highly reflective
exudates, even before a clinically apparent macular
star is seen. This may be helpful in differentiating
patients with early neuroretinitis from AION, especially in the younger age group.

Electrophysiologic Testing
Evoked retinal potentials (multifocal ERG and
Ganzfeld full field ERG) may have a role in two
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settings where the diagnosis of ischemic optic neuropathy may be in doubt:
(a) Optic atrophy associated with visual field loss without a clear history of preceding optic disc edema
As stated above, some of these patients may have suffered from a central or branch retinal artery occlusion
and not NA-AION. In these cases, the evoked potentials from the inner retina, which includes the bipolar
cell layer is usually reduced; after a central retinal
artery occlusion, the full field ERG usually shows
reduced b-wave amplitudes from the inner retina and
in branch retinal artery occlusions the multifocal ERG
may be more useful in detecting focal loss that corresponds to the location of the visual field deficit.
(b) Acute visual field loss with a non-edematous
optic nerve
In this setting when PION is suspected, other causes must
be ruled out (compressive optic neuropathy or retinal
causes). Multifocal electroretinography may be useful for
diagnosing cancer-associated retinopathy, focal visual
field loss due to retinopathy, acute zonal occult outer retinopathy (AZOOR), choroidal hemangioma, and sorting
out how much visual field loss is due to optic nerve versus
retinal damage in cases where both are present (i.e., agerelated macular degeneration with visual field loss that
may also have compressive optic neuropathy).
(c) Visual evoked potentials (VEP)
VEP recorded from occipital scalp electrodes in
response to a pattern stimulus may be useful in helping
to differentiate NA-AION from acute optic neuritis in
young patients; in optic neuritis, the VEP latency is
usually delayed in addition to a decrease in amplitude,
but in AION usually the amplitude is reduced, but the
latency is relatively unaffected.

Blood Tests
These tests are ordered only in cases where the diagnosis of NA-AION is not definite and there is a high pretest clinical likelihood that these unusual cases might
be mimicking ischemic optic neuropathy, not routinely.
These include routine complete blood count and differential count, and serum testing for anti-neutrophil
cytoplasmic antibodies (for Wegner’s granulomatosis),
angiotensin converting enzyme for sarcoid, fluorescent treponemal antibody absorbed test (for syphilis),
Lyme titer, Bartonella henselae immunoglobulin titers
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for suspected neuro-retinitis, and genetic testing for
Leber’s hereditary optic neuropathy.

Procedures
Skin biopsy of non-sun exposed skin for autoimmune
optic neuritis, lumbar puncture for cases of suspected
raised intracranial pressure and neuro-sarcoid,
conjunctival biopsy for suspected sarcoid. These procedures should only be done if there is a strong clinical
suspicion of these disorders and not routinely.
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General Characteristics of Giant
Cell Arteritis

Giant cell arteritis (GCA) is an important cause of the
development of anterior and also posterior ischemic
optic neuropathy, usually with devastating visual loss.
It is an ophthalmic emergency. However, loss of vision
in GCA is preventable with early diagnosis and immediate, intensive corticosteroid therapy (see Chap. 13).
Therefore, a brief discussion of GCA is essential in
any account of ischemic optic neuropathies.
GCA is a disease of persons aged 50 years and older.
In 1890 Jonathan Hutchinson [1] first reported the case
of an English man who had pain on wearing a hat
because of pain in his temples, and he called it “thrombotic arteritis”. This disease was later described by
Schmidt [2] in1930. Horton et al. [3] in 1932 described
it under the term “temporal arteritis”. It was not till 1941
that the term “giant cell arteritis” was used for this disease [4]. Cooke et al. [5] in 1946 established that it was
a generalized disease. Over the years, various terms have
been used to describe this disease, including “thrombotic arteritis”, “temporal arteritis”, “cranial arteritis”,
“arteritis of the aged” and “giant cell arteritis”.
Since polymyalgia rheumatica (PMR) is often confused with GCA, a brief discussion of that is also essential here. PMR is a common nonfatal disease. The
findings show that it is relatively common in middleaged and older persons, generally runs a self-limited
course and has no effect on survival [6]. There are
authors who are of the opinion that GCA and PMR are
frequently overlapping diseases [7], while others feel
that PMR and GCA frequently occur together but that
no definitive conclusions can be drawn about the nature
of this association [8]. This may be due to the fact that
the vast majority of GCA patients have rheumatological
symptoms similar to those seen in PMR. One of the
arguments put forward for PMR and GCA frequently
occurring together is that some patients diagnosed as
“PMR” have a positive temporal artery biopsy; this may

be due to misdiagnosis of GCA as PMR because of the
common rheumatological symptoms. A study has
shown that 21% of temporal artery biopsy positive GCA
patients with visual loss are free of systemic symptoms
(i.e., they have occult GCA) [9], indicating that some of
the patients with systemic symptoms who may be diagnosed as having PMR actually have GCA.

Demographic Characteristics
Available evidence indicates that age, gender and race
play some role in the development of GCA. It is almost
universally agreed that GCA is a disease of persons
aged 50 years and older; it is more common in women
than men; and in Caucasians than other races.

Age Distribution
The American College of Rheumatology defined GCA
as a disease of persons ³ 50 years old [10]. In our study
[11] the youngest patient was 56 years old (median
75.8 years, mean 75 ± 7.9 years). Several studies have
shown that the incidence of GCA increases with age
[12–14]. For example, Hauser et al. [15] found the
prevalence of GCA being 10.7% in age 50–59, and
55.5% in over-80 years old. The incidence of GCA
peaks in the 70–79 years age group [16, 17]. GonzalezGay et al. [17] reported the mean (± SD) age at the time
of diagnosis as 75.0 ± 6.9 years. Although it is so widely
agreed that GCA is a disease of persons aged 50 years
and older, however, there are numerous reports in the
literature of infants, juveniles and adults under 50
claimed to have had GCA [4, 18–28]. Wagenvoort
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et al. [23] called their cases “infantile giant-cell arteritis”. A critical review of these under-50-years patients
reveals that they do not meet all the criteria of the classical GCA syndrome. Confusion is also caused by the
entity called “juvenile temporal arteritis” which affects
the branches of the external carotid artery, principally
the superficial temporal artery, and is a localized and
benign condition [28]. Because of such reports, some
of our referring physicians often insist that we do temporal artery biopsy in persons younger than 50 years.
Of the 4 young (<56 years) patients in our study of
about 400 patients who had the temporal artery biopsy
done, none had a positive biopsy. Features of a number
of systemic vasculitides can mimic and overlap GCA
[29] and result in confusion and misdiagnosis. It is
well-known that GCA is a masquerader of many systemic diseases and vice versa. Not infrequently in the
literature, the diagnosis of GCA has been made purely
on clinical features and not confirmed by temporal
artery biopsy. This can result in inclusion of conditions
other than GCA in this clinical entity.

Gender Distribution
This has been described differently by various studies;
but it is generally agreed that GCA is much more common in women than in men. For example, Ostberg [30]
in his postmortem study in Sweden found it significantly more common in females than in males. Hauser
et al. [15] found that women were affected four times
more than men. In Scandinavian countries, a 3:1 ratio
of women to men has been reported [12, 13, 31–33]. In
our study [11] the ratio between women and men was
2.65 to 1. A lower ratio of women to men was observed
in Israel and Southern Europe [14, 34]. Bengtsson and
Malmvall [35, 36] in their study found the PMR syndrome more common among women with GCA (79%)
than among men (56%). Their group of patients
without muscular symptoms contained an equal number of men and women. Eye complications were seen
in 15 patients (12%). In six, the ocular symptoms were
transient, while nine suffered permanent loss of vision.
In three of these patients, temporal artery biopsy
revealed no evidence of arteritis, and five had no clinical signs of localized temporal arteritis. This may be
due to problems with the reliability of temporal artery
biopsy and systemic symptoms for the diagnosis of
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GCA. For example, in occult GCA, as mentioned
above, there are no systemic symptoms of GCA [9].

Seasonal Variation
Some studies have reported seasonal variations or a
cyclic pattern [14, 37]. On the other hand GonzalezGay et al. [17] in Spain observed no seasonal pattern
for the diagnosis of the disease. Smeeth et al. [38] in
the United Kingdom found both GCA and PMR more
commonly diagnosed in the summer months. GonzalezGay et al. [39] concluded that “the presence of peaks
in the incidence and a cyclic pattern observed in some
studies suggests that infectious agents may play a role
in the pathogenesis of both diseases. They could be the
triggers for the development of these conditions in
genetically predisposed individuals.”
In our series of 116 patients with GCA in the
Midwest of the United States, Fig. 9.1 shows the distribution for the various months of the year (1 = January
and so on). Following was the seasonal distribution of
development of GCA:
Winter (December to February) in 27 patients
Spring (March to May) in 34 patients
Summer (June to August) in 26 patients
Fall (September to November) in 29 patients
A statistical analysis, using the chi-square goodness of
fit test, showed no significant difference in either the
months (p = 0.165I) or the seasons (p = 0.747) for the
onset of GCA.

Epidemiology
There are several epidemiological studies on the incidence of GCA and PMR, reported from different countries with varying results. PMR was reported to be two
to three time more common than GCA [12, 16, 38, 40].

Epidemiology of GCA
Three of the studies on GCA are based on a survey in
Olmsted County, Minnesota in the USA. Hauser et al.
[15], in the study published in 1971, found an average
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Fig. 9.1 Distribution of
onset of GCA for the various
months of the year in my
series of 116 patients
(1 = January and so on)
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incidence of 2.9/100,000. The prevalence increased
with age, being 10.7 in aged 50–59, and 55.5 in over80 year olds. In the study published in 1978 [41], it
was reported that during a 25-year period an average
annual incidence/100,000 population aged 50 and
older rose from 5.1 in 1950–1959 to 17.4 in 1970–
1974. The prevalence of patients with GCA on 1
January 1975 was 133/100,000 population aged 50
and older. According to that study, GCA had no significant effect on survival. In the next study, published
in 1995 by that group [37], the age- and sex-adjusted
incidence/100,000 persons 50 years of age or older
was 17.8, significantly higher in women than men (24
versus 8). They found that age-specific incidence rates
increased with age (P < 0.0001). This study showed a
regular cyclic pattern in incidence rates over time
period, and concluded that that supported the hypothesis of an infectious cause for GCA. In the study published in 2004 [42], they found that in persons 50 years
of age or older there was a significant (P = 0.017) progressive increase in GCA from 1950 to 1979, with an
overall age-and sex-adjusted incidence/100,000 persons of 18.8 – the incidence was higher in women than
men (24.4 versus 10.3); however, there was no change
over a period of 20 years after that, and the overall survival in GCA remained similar. In this study, they
again found the cyclic pattern of annual incidence rates
over a 50-year period.
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Reports from Scandinavian countries give a different
incidence. Ostberg [30] in his postmortem study in
Sweden found it in 2/100,000 – higher than clinically
diagnosed. A study from Finland [12] reported an
annual incidence of GCA in a 44 month period of
30.4/100,000 in the whole population, and 94.4/100,000
in residents aged 50 years or older. From Sweden,
Bengtsson and Malmvall [35, 36], based on histological evidence of GCA, found an annual incidence of
GCA 5.5/100,000 of the total population and in the age
group over 50 16.8/100,000.
There are several studies from the Mediterranean
region. González-Gay et al. [34], in a study from Spain,
found the average annual incidence for the population
aged 50 and older was 10.24/100,000 (men
11.00/100,000, women 9.57/100,000), and there was
a progressive increase in the incidence – in men an
annual increase of 8% and in women 11%. This group,
in a subsequent study [17] of biopsy-proven GCA,
found an age- and sex-adjusted annual incidence rate
of 10.13/100,000 populations aged 50 years and older.
The annual incidence rate for women was slightly
higher than for men (10.23 versus 9.92). The annual
incidence rate increased with advancing age up to a
maximum of 23. Sixteen in the 70–79 year age-group.
They also observed a progressive increase in the incidence from 1981 through 2000 (p = 0.001). Salvarani
et al. [43] found in their Italian population a average
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annual incidence rate of GCA of 8.8/100,000 population aged 50 years or older. In a subsequent study [16]
this group found the average annual incidence of GCA
was 6.9/100,000 in a population aged 50 years or
older.
A British study [38] found an age adjusted incidence rate of GCA 2.2/10,000 person-years, with no
increase observed. It was more common in the south
than in the north of the country, which may be partly
attributable to a risk factor which is more prevalent in
the south and east of the United Kingdom.
Thus the reported incidence is highly variable, not
only from different countries but also from the same
region at different times. This may be due to different
criteria used for diagnosis of GCA. This makes it hard
to reach definite conclusions about the epidemiology
of GCA.

Epidemiology of PMR
The incidence of PMR, like GCA, has been reported
from various countries. A survey study [6], in Olmsted
County, Minnesota, USA, found that the average
annual incidence of PMR increased during a 10-year
period (1970–1979) from 19.8/100,000 in persons
50–59 years of age, to a maximum of 112.2/100,000
in persons 70–79 years of age. A subsequent study
[40] found that among cases of PMR seen between
1970 and 1991 the average annual age-and sexadjusted incidence of PMR/100,000 population in the
age group of ³50 years was 52.5, with a significantly
higher incidence in females than in males (61.7 versus
39.9). They concluded that the incidence and clinical
manifestations have varied but remained relatively
stable over the 2 decades. An Italian study [43] found
average annual incidence rates of PMR of 12.8/100,000
populations aged 50 years or older. In a subsequent
study [16] this group found the average annual incidence of PMR 12.7/100,000 in a population aged
50 years or older. A British study [38] found the age
adjusted incidence rate of PMR was 8.4/10,000 person-years. Again it was more common in the south
than in the north of the country, and that may be partly
attributable to risk factors from the south and east to
the north of the United Kingdom. In a study from
Norway [44] annual incidence of pure PMR/100,000
residents aged 50 years or more was 112.6, 137.7 in
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women and 83.2 in men. Hamrin’s data [45] from
Sweden suggested an annual incidence rate of about
12.0/100,000 population over a period of 7.5 years.
Like GCA, the reported incidence varies widely from
country to country.

 pidemiology of Combined Population
E
of GCA and PMR
There are some studies which have reported the incidence of a combined population of GCA and PMR,
instead of reporting separately, as above. A study from
Norway [44] reported an annual incidence of PMR/
GCA of 141.7/100,000 populations aged 50 years or
more – more in women than men (177.6 versus 99.5).
A British study [46], from private practice, found that
the annual incidence of PMR/GCA in those aged 65
and over was about 4/1,000.

Racial Differences
There is a marked racial predilection for development
of GCA. It is far more common among Caucasians
than other races. Even among Caucasians, it differs
between different ethnic groups, as is evident from the
above epidemiological review, and so does the incidence of GCA and PMR. On the whole, it is higher in
persons of Scandinavian origin (the population of
Olmsted County, Minnesota has a high proportion of
persons of Scandinavian origin) than in the southern
European population, which was also evident in the
British study. It is very uncommon among non-Caucasians. For example, only a rare case of GCA has been
reported among persons from China [47, 48], India
[49–51] and Thailand [52]. A nationwide survey in
Japan for GCA disclosed that its prevalence was
extremely low compared with other countries; moreover, permanent visual loss, jaw claudication, and
PMR were infrequent among Japanese individuals
with GCA [53]. In Israel GCA was found three times
more often in Ashkenazi (originally from Western and
Central Europe, mainly from Germany) than in
Sephardic Jews (from Spain and Portugal) and only
rarely in Arabs [54]. A lower incidence of GCA was
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reported in black persons from Tennessee in the USA
[55]. In a study from Los Angeles, California, positive
temporal artery biopsy was seen in 19 of 66 whites,
1 of 9 Asians, none of 40 Hispanics (Mexican) and
none of 6 African Americans [56]. In that study [56],
the incidence of biopsy-proven GCA in a retrospective
study of 121 consecutive patients who underwent temporal artery biopsy was as follows: among 66 white
patients 29% had positive biopsy, whereas only 11%
of the 9 Asian patients, none of the 40 Hispanic and
none of the 6 African American patients had a positive
biopsy. Johnson and Arnold [57], among 12 cases of
arteritic anterior ischemic optic neuropathy due to
GCA had 11 white, one Hispanic and no African
American or Asians. Tomsak [58] found positive temporal artery biopsy for GCA in 17% of Caucasians, 7%
of African Americans but none in Hispanics. Mader
et al. [59] reported a very low incidence of biopsyproven GCA among Alaska Natives. In our study [11]
of 106 patients with positive temporal artery biopsy,
we had only one African American patient but that
may partly be due to the predominantly white population in our part of the U.S.A. In North America, it is
more common among persons of Scandinavian origin
[42, 60].
The incidence of PMR has also been found to be
higher in individuals of Scandinavian background [31,
40, 61, 62].
These racial differences in the development of GCA
suggest a genetic predisposition. Many studies have
shown the implication of genetic variants in key components of immune and inflammatory pathways in
GCA and PMR susceptibility [63, 64], because GCA
and PMR are polygenic diseases. An increased risk of
visual ischemic complications in biopsy-proven GCA
patients and an increased frequency of relapses in
patients with PMR were found to be associated with
the carriage of HLA–DRB1*04 alleles [65, 66].
Moreover, a functional variant of the vascular endothelial growth factor gene was associated with severe
ischemic complications in patients with GCA [67].

Pathophysiology
GCA is a systemic vasculitis preferentially involving
medium – and large-size arteries. The pathophysiology
of GCA is not yet fully understood. It is an immune
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mediated disease. Immunological studies indicate that
GCA and PMR have a polygenic basis. The current
concept of the pathophysiology of GCA is based
mainly on the extensive immunological studies by
Weyand and colleagues [68–74]. The characteristic
feature in this disease is the formation of granuloma in
the wall of the medium and large arteries. In GCA,
according to Weyand et al. [73], in the affected arteries
the adventitia is the primary site of immunological
injury. They stated that “The typical lesions, granulomas in the vessel wall, are formed by IFN-gammaproducing CD4+ T cells and macrophages. CD4+ T
cells undergo in situ activation in the adventitia, where
they interact with indigenous dendritic cells. Tissue
injury is mediated by several distinct sets of macrophages that are committed to diverse effector functions. The dominant tissue injury in the media results
from oxidative stress and leads to smooth muscle cell
apoptosis and nitration of endothelial cells.
Macrophage-derived growth factors are instrumental
in driving the response-to-injury program of the artery
that causes intimal hyperplasia and vessel occlusion.”
That may be the reason that steroid therapy may be
effective in GCA. According to Martinez-Taboada
et al. [75], PMR and GCA are characterized by a production of more IL-6, and corticosteroid therapy is
followed by significant decrease of IL-6 levels.
Salvarani et al. [16] determined frequencies of HLA
antigens. When they compared that with HLA findings
in healthy controls, DR4 was not found to be significantly associated with PMR (24% in PMR patients
versus 14% in controls). Patients with GCA also
showed an increased frequency of DR4 compared with
controls (36% versus 14%), but this difference was
also not statistically significant. They discussed immunogenetic features of PMR and GCA and the relationship between the immunogenetic and epidemiologic
patterns in different populations.
In PMR there is mild synovitis of the shoulder.
According to Meliconi et al. [76] “Synovitis was present in 10 of 12 (83%) untreated patients and in only 2
of 7 (29%) treated patients. The synovitis was characterized by vascular proliferation and leukocyte infiltration. Infiltrating cells consisted predominantly of
macrophages and T Lymphocytes. Almost all T lymphocytes were CD45RO positive. A few neutrophils,
but no B cells, natural killer cells, or gamma/delta T
cells were found. Intense expression of HLA class II
antigens was found in the lining layer cells as well as
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in macrophages and lymphocytes. DR, but not DP or
DQ, was expressed by the endothelium of a few vessels. Class II antigen expression correlated with the
number of macrophages and lymphocytes.” They concluded that their findings supported the hypothesis that
synovitis is a major cause of the musculoskeletal
symptoms of PMR.

Is GCA a Self-limited Disease?
From the management point of view and for the prevention of visual loss, this is an important issue. There
is controversy about the duration of GCA. The selflimiting nature of GCA is stressed in text-books and by
many physicians (particularly rheumatologists) who
feel strongly that there is no need for these patients to
take prolonged steroid therapy, because of its sideeffects. For example, Huston et al. [41], stated that
GCA lasts for less than a year. Similarly, other rheumatologists believe that stopping steroid therapy after
2 years is reasonable [77–82]. However, others have
shown that that is not true, because evidence of active
disease has been seen even after many years [83–85].
For example, repeat temporal artery biopsy has shown
evidence of active disease even after 9 years of steroid
therapy [84–88]. Cullen [83, 84] in his serial biopsies
in GCA patients showed evidence of active disease in
the temporal arteries 3, 6, 12, 21 and 26 months and
7 years later. Cullen [84] and Cohen [85] reported that
ocular complications can still occur as long as 7 years
after onset. This contradicts the claims by others that
GCA is a self-limiting disease after a variable time
period. Clinically, as discussed in a Chap. 13, many
reports have confirmed that GCA patients require steroid therapy for much longer than 2 years, and even
may need it for the rest of their life as in many other
systemic rheumatologic diseases.
Our study [89] has shown that almost all GCA
patients require life long steroid therapy to prevent
visual loss. I have had patients who went blind after
their local physician had stopped steroid therapy after
a year or two, influenced by the rheumatology literature [41, 77–82]. In this connection, it is pertinent to
point out that fear of visual loss is exceeded only by
the fear of death; and patients will always opt for a
mode of therapy that prevents them from going blind,
even when they are fully informed of the possible side-
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effects. It is frequently stated that systemic symptoms
rather than erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP), should be the guide for
tapering down or stopping steroid therapy; this can be
a dangerous approach, because these patients may lose
vision without any warning systemic or ocular symptoms [89, 90] (see Chap. 13). Moreover, 21.2% of the
patients with visual loss have the occult GCA [9], i.e.,
no systemic symptoms at all (see below). Thus, from
the point of view of prevention of visual loss, one
should not consider GCA a self-limited disease.

Recurrence/Relapses of GCA
In the literature there are many reports of “recurrence”
or “relapses” of GCA. My studies of GCA patients
have shown that those represent inadequate corticosteroid treatment or stopping the therapy too soon,
under the commonly held belief among rheumatologists that GCA is (1) a self-limited disease and stopping corticosteroid therapy after 2 years is reasonable
[77] and (2) that systemic symptoms are the guide to
duration of the therapy. In my study of about 300 GCA
patients since 1969, with and without visual loss, none
suffered a recurrence, because the guiding principle in
my study has always been to control corticosteroid
therapy by the levels of ESR and CRP- and NOT by
systemic symptoms [89, 90].

Occult GCA
It is a widely held belief among physicians and ophthalmologists that GCA patients always present with
systemic symptoms and signs, and that the absence of
such symptoms and signs rules out GCA. This impression has sometimes, sadly, caused misdiagnosis and
consequent blindness. Development of visual symptoms as the first or the only sign of GCA was first
reported in 1952 [91, 92]. Since then a number of communications, mostly anecdotal, have reported the same
[35, 49, 93–110].
In 1962 Simmons and Cogan [98] called this type
of GCA “occult temporal arteritis”. Occult (or “silent”
or “atypical”) GCA is now a well-established entity;
however, a certain amount of confusion about it still
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persists for a number of reasons, including the
following:
1. Several studies [103, 106, 108, 110, 111] reported
in the literature have defined “occult GCA” in different ways. Many reports include patients with a
number of systemic symptoms of GCA.
2. The reported incidence of occult GCA varies from
5% to 38% [35, 78, 106, 108, 109, 112]. This wide
variation may be due to the fact that most of the
studies include some cases where the diagnosis of
GCA was based purely on the clinical judgment of
the physicians and never confirmed on temporal
artery biopsy.
3. Until recently, there was no study in the literature
where a large series of patients have been studied
prospectively using the strict definition of occult
GCA, i.e., where ocular disorders were the sole presenting symptoms and signs of GCA in otherwise
perfectly healthy individuals, and the diagnosis was
confirmed on temporal artery biopsy in all.
All these limitations make it impossible to evaluate
from the previous literature the true incidence of
“occult GCA” among patients who first present with
the visual symptoms and signs of GCA. We [9] investigated the incidence of occult GCA in a prospective
study of 85 patients who fulfilled the following inclusion criteria: (a) They all had GCA confirmed on temporal artery biopsy, (b) all had ocular involvement and
(c) they had no symptoms and signs of GCA whatsoever. In that study, 21.2% fulfilled all the criteria for
occult GCA, and in the majority of them elevated ESR
and CRP and/or the presence of arteritic AION were
the main signs of GCA. Because they have no systemic
symptoms, such patients do not go to rheumatologists
and would not be included in a rheumatologic study.
Thus, if systemic manifestations of GCA are the primary and sole criterion for diagnosing GCA, 21.2% of
GCA patients with visual loss are going to be missed.
Since occult GCA is a potential cause of blindness,
that is an unacceptably high number to be missed.
Therefore, the absence of systemic symptoms and
signs does not rule out GCA – an extremely important
point to be borne in mind. If the physician considers
systemic symptoms and signs of GCA an essential part
of the syndrome, there is a high risk that he/she will
miss the disease in those GCA patients whose unilateral or bilateral ocular involvement is the sole reason
for initial consultation. In my experience with about
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300 GCA patients with and without ocular involvement, I have found that patients will retain their existing
vision if they are treated immediately and adequately
with high-dose systemic corticosteroid therapy, provided they do not suffer any further visual loss within
the first week after starting the corticosteroid therapy
[90, 113]. Thus, blindness due to GCA is preventable
in the vast majority of cases, if diagnosed early and
treated properly. Therein lies the importance of recognizing the occult GCA cases early.
Therefore, any patient over the age of 55 who
presents with a history of amaurosis fugax, diplopia
or visual loss, and clinical findings of arteritic AION,
central retinal artery occlusion, cilioretinal artery
occlusion or posterior ischemic optic neuropathy
should be suspected of having GCA and should have
ESR and CRP done on an emergency basis, irrespective of whether he/she shows systemic symptoms of
GCA. If, based on this information, there is a high
index of suspicion, the patient should be started
immediately on high doses of systemic corticosteroid,
and a temporal artery biopsy done to confirm or rule
out GCA. It is well-established now that early diagnosis of GCA and early and aggressive treatment are
the keys to preventing blindness.
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Clinical Features of Giant Cell Arteritis

Giant cell arteritis (GCA) shares many clinical features
with polymyalgia rheumatica (PMR). Therefore, for a
correct diagnosis of GCA, it is essential is to know
clinical features of both PMR and GCA.

 ystemic Clinical Features
S
of Polymyalgia Rheumatica
PMR was first described as “senile rheumatic gout” and
named PMR in 1957 [1]. Compared with GCA, PMR is
much more common [2, 3]. PMR is characterized by
the presence of pain and stiffness in the neck, shoulders
and hips, weight loss, low-grade fever, fatigue and elevated erythrocyte sedimentation rate (ESR), with bursitis, synovitis and tenosynovitis of the proximal shoulder
and hip girdles being characteristic features [4].
Stiffness is greatest in the morning and lasts up to about
an hour after the patient gets up in the morning. Muscle
weakness may be a prominent feature, so much so that
they may have difficulty getting up from a sitting position or getting out of bed. The diagnosis is primarily
based on clinical findings but those can mimic other
diseases; therefore one has to exclude other causes for
those symptoms. Arthralgias and myalgias may develop
abruptly or evolve insidiously over several weeks or
months, and malaise, fatigue, and depression, along
with aching and stiffness, may be present for months
before the diagnosis is made [5]. Pain at night is common, and movement during sleep may awaken the
patient. According to Brooks and McGee[1], PMR “is a
clinical syndrome of proximal muscle pain in older
patients that often presents a diagnostic challenge
because of the large differential diagnosis, lack of
definitive diagnostic criteria, and relatively frequent
“atypical” clinical findings, such as peripheral
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synovitis, distal extremity pain, normal erythrocyte
sedimentation rate, and mild weakness.” They pointed
out that while concurrent asymptomatic GCA is common, there are no data to support obtaining a temporal
artery biopsy in patients with pure PMR symptoms.
Bird et al. [6] put forward the seven most valuable criteria to standardize a diagnosis of PMR: bilateral shoulder pain or stiffness, onset of illness of less than
2 weeks’ duration, initial ESR greater than 40 mm/h,
duration of morning stiffness exceeding 1 h, age
65 years or more, depression and/or weight loss, and
bilateral tenderness in the upper arms. They suggested
that a patient might be regarded as probably having
PMR if any three or more of these criteria are fulfilled.
Pitting edema of the distal extremity has also been
described in PMR. In the Olmsted County populationbased cohort of 245 patients with PMR seen over a
22-year period, 19 patients (13 female, 6 male) had one
or more episodes of painful distal extremity swelling
with pitting edema [7]. Jones and Hazelman [8] concluded that PMR is not a benign disease.
The symptoms of PMR in GCA have been reported
in about 40–60% of patients and those have been the
initial symptom complex in 20–40% [9–13]. This has
resulted in confusion about the clinical features of the
two diseases and their differentiation.
The diagnosis of PMR is clinical and depends on its
classical symptoms. There seems to be a general opinion that there is no need to do a temporal artery biopsy
for PMR patients who have no clinical evidence of
GCA. Where musculoskeletal symptoms are mild and
of recent onset, or where they are stable and of long
duration (a year or more) without current or previous
evidence of GCA, it may be reasonable to follow the
patient closely without biopsy [5]. However, in our
study [14] we found that 21% of the patients who
developed visual loss had no systemic symptoms of
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GCA (i.e. had occult GCA). Therefore simple reliance
on systemic symptoms of GCA can be misleading and
have tragic results.

 ystemic Clinical Features of Giant
S
Cell Arteritis
Paulley and Hughes [15] in 1960 stated that “when
elderly people begin to fail mentally and physically,
this disorder should be one of the first to be considered”. GCA patients may complain of one or more of
the following symptoms: headache, scalp tenderness,
neck pain, malaise, myalgia, anorexia, weight loss,
anemia, jaw claudication, PMR symptoms, abnormal
temporal arteries, flu-like symptoms, fever of
unknown etiology and other vague systemic symptoms. In the rheumatologic literature headache has
been stressed as the most characteristic symptomatic
expression of this vasculitic process, occurring in
>80% of patients [16–18].
But there is a large amount of contradictory data
available on the signs, symptoms and diagnostic tests
used to diagnose GCA. For example, in a review of
the literature, Keltner [19] pointed out that the
reported incidence of headache in these patients varied from 4% to 100%, tender temporal artery 28–91%,
myalgia and arthralgia 28–86%, fever 30–100%,
weight loss 16–76%, jaw claudication 4–67%,
anorexia 14–69%, malaise 12–97% and leg claudication in 2–43%. Variable and sometimes conflicting
information in different studies may partly be due to:
(a) selection bias in patients, because of the different
specialties of the authors, e.g., internal medicine,
rheumatology, neurology or ophthalmology, (b)
different diagnostic criteria used to define GCA, for
example, diagnosis based strictly on presence of a
positive temporal artery biopsy, or only on clinical
manifestations, and (c) variations in demographics
and sample size of the patient population in the
studies.
The essential requirement to prevent the dreaded
complication of blindness in patients with GCA is
early and correct diagnosis, and the start of intensive
high-dose corticosteroid therapy immediately.
Therefore, the question arises: which of all these symptoms and signs are more helpful than others, and what
importance should be attached to each of them?
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In 1990 the American College of Rheumatology
[20]defined criteria to differentiate GCA from other
types of vasculitis, based on a comparison of 214 cases
diagnosed as GCA and 593 with other types of vasculitis. Of the 214 GCA patients, 18 had negative temporal artery biopsy and the diagnosis was based entirely
on other criteria. They selected five criteria to diagnose
GCA: age ³50 years at disease onset, new onset of
localized headache, temporal artery tenderness or
decreased pulse, elevated ESR (Westergren) ³50 mm/h,
and temporal artery biopsy showing necrotizing
arteritis, characterized by a predominance of mononuclear cell infiltrates or a granulomatous process with
multinucleated giant cells. In that study, the presence
of three or more of these criteria was associated with a
sensitivity of 93.5% and a specificity of 91.2%. They
used new headache and scalp tenderness or nodules as
a surrogate for temporal artery biopsy in those without
positive temporal artery biopsy.
Chmelewski et al. [21] retrospectively compared
the presenting features of 30 patients with positive
temporal artery biopsy and 68 with negative temporal
artery biopsy. In their study, the presenting features
of temporal artery biopsy positive patients were headache in 93%, polymyalgia rheumatica in 57%, jawclaudication in 50%, fever in 37%, scalp abnormality
in 47% and neurologic symptoms in 17%. Patients
with positive temporal artery biopsy had significantly
(p = 0.003) increased headache (93% vs. 62%) and jaw
claudication (50% vs. 18%) when compared with negative temporal artery biopsy. PMR symptoms were
present in similar frequency in the two groups. To differentiate the temporal artery biopsy positive from
negative cases, headache had low specificity (40%),
jaw claudication more specificity (56%) and PMR had
low sensitivity (23%) but higher specificity (78%).
Vilaseca et al. [22] suggested that the simultaneous
presence of jaw claudication, abnormal temporal arteries on examination and headache of recent onset had
a specificity of 94.8% for positive temporal artery
biopsy. They concluded that concurrence of these three
clinical features points to a definite diagnosis of GCA.
Fernandez-Herlihy [23], on comparison of 29 temporal artery biopsy positive with 68 biopsy negative
patients, found significantly more frequent jaw claudication (p < 0.0005), anorexia (p < 0.001), anemia
(p < 0.01) and ESR of 45–148 (average 102) mm/h
(p < 0.001) in the biopsy positive cases. They reported
that a combination of headache, jaw claudication and
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abnormal temporal artery had a high specificity (100%)
but low sensitivity (17%) for predicting a positive temporal artery biopsy for GCA.
Kearns [24] stressed that GCA “ranks as the prime
medical emergency in ophthalmology, there being no
other disease in which the prevention of blindness
depends so much on prompt recognition and early
treatment.” Since GCA is a well-known masquerader,
and its early diagnosis is the key to correct management of patients and prevention of its dreaded complications, it is essential to ascertain the validity, reliability,
sensitivity and specificity of the various signs, symptoms and diagnostic tests of GCA. With that as our
primary objective, we conducted a prospective study
specifically to investigate that particular aspect [25]. It
was therefore imperative that the patients from whom
data were drawn must meet the definitive criterion for
diagnosis of GCA (i.e. positive temporal artery biopsy).
Using that criterion strictly, in our study we investigated the incidence of the various systemic symptoms
and signs in patients with positive and negative temporal artery biopsy. Our findings are given in Table 10.1.
Figure 10.1 shows prominent and nodular temporal
artery in one of my patients with biopsy positive GCA
and bilateral A-AION. In our study [14] we found that
21% of the patients who developed visual loss had no
systemic symptoms of GCA (i.e. had occult GCA).
Unlike the American College of Rheumatology
and several other studies, we included only those
patients in the GCA group who had a positive
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temporal artery biopsy and did not use other criteria.
The symptoms and signs that showed significant association were jaw claudication (p < 0.0001), neck pain
(p = 0.0003), anorexia/weight loss (p = 0.0005), fever
(p = 0.0400) and scalp tenderness (p = 0.058). However,
when we considered a multivariate logistic regression
model which included ESR and age, the only systemic symptoms that were significant were jaw claudication and neck pain (mostly in the occipital and
back parts of the neck). This implies that jaw claudication and neck pain were indicators of a positive
biopsy independent of ESR and age and that they
were more highly correlated to the outcome of a positive biopsy than anorexia/weight loss, fever and scalp
tenderness. Other variables may also be helpful in the
diagnosis of GCA but not to the same extent as these
parameters. The conclusions of previous publications
on the subject were mainly based on univariate analysis. Our study [25] showed that the odds of having a
positive temporal artery biopsy were 9 times greater
with jaw claudication, 3.3 times with neck pain, 2.1
times greater with ESR 47–107 mm/h and 2.7 times
greater with ESR >107 mm/h relative to ESR
<47 mm/h, and 2.0 times greater when the patients
were aged ³ 75 years compared to age <75 years
(Table 10.2). The odds were 3.2 times greater with
C-reactive protein (CRP) above 2.45 mg/dl compared
to CRP £ 2.45 mg/dl.
Other systemic symptoms have been described
in the literature, including vertigo, tinnitus and

Table 10.1 Incidence of various systemic symptoms and signs in patients with positive and negative temporal artery biopsy for
GCA[25]
Signs and symptoms
Temporal artery biopsy
Positive (n = 106)
Negative (n = 257)
P-value
Jaw claudication

51(48.1%)

22(8.6%)

<0.0001

Anorexia/weight loss

55(51.9%)

84(32.7%)

0.0005

Neck pain

17(16.0%)

11(4.3%)

0.0003

Fever

28(26.4%)

42(16.3%)

0.040

Scalp tenderness

19(17.9%)

27(10.5%)

0.058

Headache

59(55.7%)

117(45.5%)

0.084

Abnormal temporal artery

21(19.8%)

33(12.8%)

0.105

Malaise

40(37.7%)

78(30.4%)

0.177

Myalgia

31(29.2%)

68(26.5%)

0.606

Anemia

14(13.2%)

31(12.1%)

0.730

Reproduced from Hayreh et al. [25]
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Fig. 10.1 This shows prominent, nodular and tender superficial
temporal artery (arrow) in a patient with giant cell arteritis

hearing loss [26], hepatosplenomegaly and arthritis
[27], cerebral or brain stem infarction [28], and
myocardial infarction [28, 29]. A frequent and
striking feature in these patients is the degree of
euphoria they have [28, 30], so that even bilateral
complete blindness is accepted philosophically as
if nothing significant had gone wrong; this may
trick a beginner in estimating their visual loss,
because even if the patient cannot perceive light,
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he/she may still say that he/she can see you and
everything around. I have seen this in an occasional
GCA patient. This euphoria may be due to coincidental cerebral ischemia, but visual symptoms of
cerebral origin are rare [28]. Psychiatric disorders
have also been mentioned. There are several reports
of scalp necrosis and I have seen that. Skin or
mucous membrane manifestations are like purpura,
necrotic ulcers, or necrosis of the anterior part of
tongue [31]
Systemic symptoms indicate a more generalized
arteritis and this has been proven by several necropsy
studies since 1941 [29, 32–41]. These have shown the
involvement of various arteries: aorta, pulmonary, coronary, innominate, carotids, temporal, subclavian,
radial, mesenteric, coeliac, renal, iliac, vertebral, femoral, popliteal, dorsalis pedis and, in the orbit, the ophthalmic, central retinal, and posterior ciliary arteries
(especially the posterior ciliary arteries). Thus, GCA is
a systemic disease. This contradicts the commonly
used terms “temporal arteritis” and “cranial arteritis”
for this disease. I have found that the term “temporal
arteritis” has resulted in a misconception among
patients that visual loss is due to the involvement of the
temporal arteries, when in fact the temporal arteries
play no role in the blood supply of the eye and optic
nerve.

Table 10.2 Clinical variables which showed an association with increased odds of a positive biopsy for giant cell GCA[25]
Variable
Odds ratio
95% Confidence interval
P-value
for odds
Using sample with ESR dataa
Jaw claudication
Neck pain
Age ³ 75 years
ESR 47–107 mm/hb
ESR > 107 mm/hb

9.1
3.4
2.0
2.0
2.7

Using sample with both ESR and CRP datac
Jaw claudication
7.5
Neck pain
4.5
Age ³ 75 years
2.3
ESR 47–107 mm/hb
1.4
ESR >107 mm/hb
2.3
CRP >2.45 mg/dld
3.2
Reproduced from Hayreh et al. [25]
a
n = 363: 106 positive biopsy and 257 negative biopsy
b
Compared to patients with ESR < 47 mm/h
c
n = 223: 43 positive biopsy and 180 negative biopsy
d
Compared to patients with CRP < 2.45 mg/dl

5.0, 16.7
1.4, 8.3
1.2, 3.4
1.0, 4.1
1.2, 5.9

<0.0001
0.0085
0.0105
0.0454
0.0106

3.1, 18.0
1.2, 17.2
1.0, 5.3
0.5, 4.5
0.6, 8.4
1.2, 8.6

<0.0001
0.0263
0.0412
0.5326
0.2085
0.0208

References

Conclusion
Our study [25] showed that symptoms of jaw claudication, anorexia, weight loss and neck pain, particularly jaw claudication, and elevated CRP are highly
suggestive of GCA, and normal ESR or absence of
any systemic symptoms does not rule out GCA.
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Giant cell arteritis (GCA) is the most important medical
emergency in ophthalmology, as was rightly stressed
by Kearns [1] when he stated that GCA “ranks as the
prime medical emergency in ophthalmology, there
being no other disease in which the prevention of blindness depends so much on prompt recognition and early
treatment.” A study [2] further emphasized that fact,
when it found that a high proportion of patients with
permanent visual loss have a delayed diagnosis and
treatment; in that study 35% had systemic symptoms
for an average of 10.8 months before visual loss and
65% had premonitory visual symptoms for an average
of 8.5 days. Thus, blindness in GCA is preventable if
these patients are diagnosed early and treated immediately and aggressively (see Chap. 13). This obviously
raises two critical issues about management of GCA:
1. How to establish early a definite diagnosis of
GCA?
2. What is the proper treatment to prevent blindness?
There is a voluminous literature on both these topics;
however, there is still a good deal of controversy on
both issues [3]. This has been partly responsible for
missing a correct diagnosis of GCA, inadequate management and unnecessary blindness.
It is essential to have an in-depth insight into the
management of GCA to prevent visual loss. I will address
the following 3 questions relevant to this topic:
1. What are the reasons for disagreement on the management of GCA to prevent visual loss?
2. How can a definite diagnosis of GCA be quickly
established?
3. What is the proper treatment of GCA to prevent
visual loss?
In this chapter I discuss issues number 1 and 2; the third
issue is in Chap. 13 dealing with the treatment of GCA.

 easons for Controversy on
R
Management of GCA to Prevent
Visual Loss
This important topic requires a detailed discussion
before actually discussing the management of GCA.
I have investigated various aspects of GCA, particularly the visual loss due to GCA, in my clinical studies
since 1970 [4–21], and have found the following
reasons for the controversy on management of GCA to
prevent visual loss.

 iffering Perspectives on GCA Between
D
Rheumatologists and Ophthalmologists
This is the most important reason for the controversy.
Rheumatologists deal with patients essentially with
rheumatologic manifestations, while ophthalmologists
see GCA patients with visual loss or patients with
occult GCA who lose vision without having any rheumatologic or other systemic symptoms [15]. Therefore,
for the ophthalmologists GCA is blinding disease with
tragic consequences, whereas for rheumatologists it is
a disease mainly with rheumatologic complaints and
not particularly serious. This philosophy is very evident
from the most recent review on the subject by a group
of rheumatologists [22, 23]. The reviews give the topic
of visual loss in GCA short shrift, despite the fact that
the most dreaded complication of GCA is visual loss.
Moreover, the authors recommend a management
which may be appropriate for polymyalgia rheumatica
(PMR) (with no risk of blindness), but falls well short
of the kind of therapy required in GCA patients to prevent blindness (see Chap. 13).
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 onsidering GCA and PMR as One
C
Disease Entity
For management, most rheumatologists believe this to
be the case [24], although the most dreaded complication of GCA is visual loss which does not occur in
PMR. Healey [25] described PMR and GCA as separate syndromes rather than two manifestations of the
same disease; however, Wilke and Hoffman [26]
argued that they represent a spectrum of the same disease. The clinical behavior of PMR and GCA supports
Healy’s views [25]; it is generally agreed that the dosage of steroid therapy required to manage PMR is
much smaller than that for GCA, and the overall prognosis of PMR is much better than that of GCA [3, 22].
GCA is a often a widespread chronic vasculitis and
visual loss is its major complication but not of PMR.
Therefore, it is illogical to treat the two diseases as one
entity. That seems to be the root cause of most of the
confusion on the management of GCA. A review of
the rheumatologic literature reveals that, more often
than not, the two types of cases are grouped into one
category, without any clear distinction between the
two, when describing diagnosis and management of
GCA. Consequently the heterogeneity of cases in
various studies has contributed to controversy on the
management of GCA. Likewise, when discussing
cases with rheumatologists over the years, I have found
that they often describe and manage temporal artery
biopsy confirmed GCA patients no differently from
those with PMR or even diagnose them to have PMR.

Clinical Criteria Used to Diagnose GCA
The following five criteria advocated by the American
College of Rheumatologists (ACR) [27] are generally
accepted as the “gold standard” to classify GCA: (1)
age ³50 years at onset, (2) new onset of localized
headache, (3) temporal artery tenderness or decreased
temporal artery pulse, (4) elevated erythrocyte sedimentation rate (ESR – Westergren) ³50 mm/h, and (5)
positive temporal artery biopsy for GCA. They stated
that: “A patient shall be classified as having GCA if at
least three of these five criteria are met.” But in the ACR
study, 18 of 214 (8.4%) patients’ temporal artery biopsy
was either negative for GCA (15) or not done (3), and
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that study advocated that in such cases new headache
and scalp tenderness or nodules be “used as a
surrogate”.
We conducted a prospective study from 1973 to
1995 in 363 consecutive patients [13]. As discussed
above, the essential requirement to prevent the dreaded
complication of blindness in patients with GCA is early
and correct diagnosis. The purpose of our study was to
establish the relative degree of validity, reliability,
sensitivity and specificity of the various signs, symptoms and diagnostic tests for GCA. It was therefore
imperative that the patients from whom data were
drawn must meet the definitive criterion for diagnosis
of GCA (i.e., positive temporal artery biopsy). All
these patients were suspected of having GCA by physicians from the various medical specialties in the multispecialty University of Iowa Hospitals and Clinics and
referred for temporal artery biopsy to our department,
which does the biopsies for the entire medical center;
this gave us an unbiased group of patients. Of the 363
patients, 106 were found to have positive temporal
artery biopsy and 257 negative for GCA. A comparison of the systemic and hematologic findings in patients
with positive versus negative temporal artery biopsy
[13] showed the following significant differences from
the criteria advocated by the ACR study [27].

Occult GCA
A vital fact that emerged from our study was that 21%
of patients with visual loss and positive temporal artery
biopsy for GCA had no systemic symptoms of any
kind whatsoever at any time and visual loss was the
sole complaint, i.e., they had occult GCA [15]. Because
they have no systemic symptoms, such patients do not
go to rheumatologists and would not be included in a
rheumatologic study. Thus, when systemic manifestations of GCA are the primary and sole criterion for
diagnosing GCA, 21% of GCA patients with visual
loss are going to be missed. That is an unacceptably
high number to be missed to prevent blindness.

I mportant Clinical Criteria Missing from the
Five Criteria of ACR
In our study [13], logistic regression analysis showed
that the odds of having temporal artery biopsy positive
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GCA were 9.0 times greater with jaw claudication, 3.4
times with neck pain, and 3.2 times with C-reactive
protein (CRP) above 2.45 mg/dl than those without
them. The ACR study’s five criteria do not include any
of these important criteria, which are very helpful in
diagnosis of GCA.

Headache
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that none of 167 patients fulfilling the ACR criteria for
GCA and low ESR (i.e., <40 mm/h) developed blindness. In our studies [14, 15] of 85 consecutive GCA
patients with positive temporal artery biopsy for GCA
and with visual loss, the lowest level of ESR was
5 mm/h, and in another study in 96 temporal artery
biopsy positive GCA patients with visual loss, it was
4 mm/h; these findings refute the claim by Salvarani
and Hunder [29].

The ACR study advocates using “new onset of localized headache” as an important criterion. Headache of
recent onset was often a major reason why internists,
rheumatologists, neurologists and other physicians
referred patients to us for temporal artery biopsy. In our
study [13], however, 56% of patients with positive temporal artery biopsy complained of headache, but so did
45.5% of those with negative biopsy (P = 0.084). Thus,
although headache is frequently stressed as an important sign of GCA in the rheumatologic literature, in our
study we did not find that always reliable for the diagnosis of GCA because headache is not an uncommon
complaint and it can be due to many other diseases.

In patients with negative temporal artery biopsy for
GCA, the ACR study advocated using new headache
and scalp tenderness or nodules as a surrogate. In our
study [13], 56% with positive temporal artery biopsy
and 45.5% with negative biopsy (P = 0.084) complained of recent onset of headache (see above), and
scalp tenderness was complained of by 18% with positive temporal artery biopsy and 10.5% with negative
biopsy. Thus both these criteria are unreliable for the
diagnosis of GCA.

Clinically Abnormal Temporal Artery

Temporal Artery Biopsy

The ACR study advocated using “temporal artery tenderness or decreased temporal artery pulse” as a criterion. In our study [13], abnormal temporal artery on
physical examination was seen in 20% with positive
temporal artery biopsy and 13% with negative biopsy
(P = 0.105). Moreover, patients with positive temporal
artery biopsy not infrequently had perfectly normal
temporal arteries clinically.

A positive temporal artery biopsy for GCA is definite
proof of GCA. In the ACR study 8% of the patients
had negative temporal artery biopsy; in our study [13]
100% had positive temporal artery biopsy. That is an
important difference.
The reason for the differences between the two
studies is the difference in their patient populations;
since the ACR study was conducted by rheumatologists, it would seem their primary criterion of inclusion
was the presence of rheumatologic systemic symptoms,
while our study had an unbiased group of patients with
rheumatologic as well as visual symptoms, since the
patients were referred to us by physicians from all the
medical specialties, including rheumatologists. Since
the most serious complication of GCA is visual loss,
the criteria advocated by the ACR study may be adequate for diagnosing GCA patients with rheumatologic
symptoms, but they are not good enough to prevent all
the GCA patients from going blind, particularly
patients with occult GCA [15] who never develop any
systemic symptoms of GCA and will probably not be
seen by rheumatologists [22].

Elevated ESR
The ACR study advocated elevated ESR ³ 50 mm/h as
one of the criteria. In contrast, in our study [13], ESR
at initial visit in those with positive temporal artery
biopsy varied between 4 and 140 mm (mean 85 ± 33
SD, median 87.5) and in those with negative biopsy
between 2 and 155 mm (mean 72 ± 39 SD, median 68).
Most importantly, our study showed that normal ESR
does not rule out GCA. Many reports in the literature
have also reported normal or low ESR in 5–30% of
GCA patients [28]. Salvarani and Hunder [29] stated

New Headache and Scalp Tenderness
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Thus, in conclusion, it is evident that the ACR study
criteria are likely to result in some false-negative or
false-positive diagnoses of GCA, risking visual loss.

 stablishing a Definite Diagnosis
E
of GCA Without Delay
The key first step in management of GCA, to forestall
the possibility of loss of vision, is its early and accurate diagnosis. A patient with GCA presents to his/her
physician with either systemic or ophthalmic manifestations of GCA or both. But GCA is a well-known
masquerader. Let us briefly review the merits of various
systemic and ophthalmic manifestations of GCA and
of various diagnostic tests that can help us to achieve a
definite, early diagnosis.

Systemic Manifestations of GCA
These are discussed at length in Chap. 10.

Various Diagnostic Tests for GCA
Various Hematologic Tests
These include the following:

Erythrocyte Sedimentation Rate (Westergren)
An elevated ESR is universally emphasized as a sine
qua non for the diagnosis of GCA and that its estimation is an important test in diagnosis. There is, however,
a common misconception among physicians about
“normal” and “abnormal” levels of ESR for diagnosis
and management of GCA patients. Therefore, the most
important question in this context is: “What is the normal and abnormal ESR in persons 50 years and older?”
There are many reported normal values in the literature and several proposed formulae for calculating
normal values. All reports agree that ESR increases
with age and women have higher ESR than men. For

11
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example, Sparrow et al. [30] determined ESR in 1,480
healthy men and reported a significant (p < 0.001)
correlation between increasing age and higher ESR
values. Based on ESR in 4,341 healthy normal persons
(2,140 men and 2,201 women), Gilbertsen [31], concluded that the range of normal ESR which include
90% of persons aged 45–79 years was 0–32 mm/h in
men and 1–48 mm/h in women. Bottlinger and
Svedberg [32] in 2,500 subject aged >50 years found
upper limits of “normal” 20 mm in men and 30 mm in
women. Miller et al. [33], based on a study of 27,912
individuals, aged 20–65 years, derived an empirical
formula for ESR that included 98% of healthy persons;
it was: age in years divided by two for men, and age in
years plus 10 divided by two for women. However,
Hanger et al. [34], based on a survey of 194 elderly
subjects, advocated that in Miller et al.’s [33] formula,
three be used instead of two as the dividing factor.
There are numerous other conflicting reports based on
smaller series.
There are, however, numerous anecdotal case
reports of “low” ESR in patients with temporal artery
biopsy positive GCA - between 5 and 20 mm/h [11,
35–42] or between 22 and 30 mm/h [38, 41–43].
ESR is affected by age, gender, and many other
hematologic and other parameters unrelated to GCA
and it is a non-specific test. Diabetics tend to have
higher ESR. Intercurrent infections also cause a rise of
ESR. Factors affecting ESR level include the degree of
rouleaux formation by the blood cells, fibrinogen,
immunoglobulins, other plasma proteins, lipids, and
even drugs. It can also be affected by the time lapse
between the venipuncture and testing of ESR in the
laboratory. (In our study it was always done within
a few minutes.) It is increased in anemia, inflammatory
disease, malignancy, infection, connective tissue
diseases, pregnancy, hypercholesterolemia and a host
of other systemic conditions. Very low ESR is seen in
a number of hematologic disorders (including polycythemia, hypochromic microcystic anemia, hereditary
spherocytosis, hemoglobinopathy and hypofibrinogenemia), congestive heart failure and treatment with antiinflammatory drugs. These factors make ESR a
non-specific indicator of disease. In our GCA group,
there was no patient whose elevated ESR could be
attributed to any disease other than GCA.
We investigated ESR in 749 individuals aged
16–100 years old without any systemic disease, and
found it 1–59 mm/h; it showed a sensitivity and
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Fig. 11.1 Graphs showing regression analysis of ESR (in mm/h)
with age (in years) and gender in our patients with positive temporal artery biopsy for GCA (empty circles) and control group
(dots). Dotted line represents the 95% upper confidence limit for

the control group. At places empty circles for various patients
overlap each other giving an erroneous impression of open
circles, corresponding to patients with GCA, being too low
(Reproduced from Hayreh et al. [13])

specificity of 92% with the cutoff criterion of
£33 mm/h for men and £35 mm/h for women
(Fig. 11.1) [13]. This meant that 8% of patients with
GCA had ESR within normal levels, the lowest being
4 mm/h.
In our 106 patients with positive temporal artery
biopsy the ESR varied between 4 and 140 mm/h, with
a median 87.5 mm/h and mean 85 ± 33 mm/h
(Westergren); while in our 749 normal individuals it
was between 1 and 59 mm/h [13]. Thus there is
a marked overlap at lower levels of ESR between the
normal individuals and GCA patients with positive
temporal artery biopsy. In conclusion, the rule for
ESR should therefore be: if it is markedly elevated, it
is suggestive of GCA but normal or low ESR does not
rule out GCA – an extremely important point to be
borne in mind because in many patients the diagnosis
of GCA is dismissed outright if the ESR is not elevated.
Those with no visual loss had a significantly greater
initial ESR (median of 102 mm/h; interquartile range
of 70–124 mm/h) than those with visual loss (median
of 80 mm/h; interquartile range of 52–108 mm/h)
(p = 0.004) [44].

C-Reactive Protein (CRP)
This is an acute-phase plasma protein of hepatic origin
and has been shown to be elevated in GCA [45–48].
CRP rises with tissue necrosis, infectious diseases,
inflammatory diseases, surgical tissue injury, myocardial infarction, rheumatic disease, transplantation, and
a host of other conditions. Concentration of CRP can
reach abnormal levels within 4–6 h after the insult and
can increase as much as a 1000-fold. Similarly, after
the insult is removed, its concentration can drop
rapidly. Unlike ESR, CRP is not influenced by various
hematologic factors or age; making CRP a more sensitive diagnostic test than ESR. According to Deodhar
[49], CRP has many advantages over ESR for diagnosis
of GCA, because: (1) it is highly sensitive, reproducible, quantitative and easy and rapid to perform (we get
the results of CRP in less than 1 h after drawing the
blood), (2) it responds to disease activity much more
rapidly than ESR, and (3) it is not influenced by age,
gender or hematologic factors. However, CRP, like
ESR, is a non-specific test. CRP testing is superior to
ESR on clinical, scientific, and practical grounds.
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Fig. 11.2 This is a scatter plot showing relationship of ESR (in
mm/h) and CRP (in mg/dl) in our patients with positive temporal
artery biopsy for GCA (empty circles) and control group (dots)
(Reproduced from Hayreh et al. [13])

We have also found it good for monitoring disease
activity [44].
In our study [13], CRP levels in GCA patients varied between 0.5 and 34.7 (median 4.35 and mean
6.6 ± 6.7) mg/dl, and Fig. 11.2 shows the relationship
of ESR and CRP in patients with GCA and control subjects. In GCA patients a high CRP is associated with a
high ESR. Control subjects with high ESR values do
not necessarily have high CRP. Sensitivity and specificity of CRP in detection of GCA in men were 100%
and 83%, and in women 100% and 79% respectively.
On logistic regression analysis of ESR and CRP with
positive temporal artery biopsy, only CRP showed a
significant association with positive biopsy. Thus, we
have found CRP a highly useful test in diagnosing and
monitoring the activity of GCA. Unlike ESR, there
was no significant difference in initial CRP between
those without visual loss (median of 9.1; interquartile
range of 4–17.1) and those with visual loss (median of
6.8; interquartile range of 3.1–11.7) (p = 0.207) [44].
A retrospective study [50] evaluated ESR and CRP
in 119 temporal artery biopsy positive GCA patients.
In this study, the ESR had a sensitivity of 76–86%,
whereas an elevated CRP had a sensitivity of 97.5%.
The sensitivity of the ESR and CRP together was 99%.
Only 1 of the 119 patients (0.8%) presented with a
normal ESR and normal CRP (double false negative);
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two patients (1.7%) had a normal CRP despite an elevated
ESR. The study concluded that “Although most patients
with GCA have both an elevated ESR and CRP, there
can be nonconcordance of the two blood tests. Although
such nonconcordance is most often a normal ESR but
an elevated CRP, the finding of an elevated ESR and
a normal CRP also is consistent with GCA. The use of
both tests provides a slightly greater sensitivity for the
diagnosis of GCA than the use of either test alone.”
However, it depends upon what is considered as “normal” ESR and CRP. For example, in our hematology
laboratory at the University of Iowa Hospital & Clinics,
during the period of our study [13], CRP was measured
from 1 mg onwards in increments of 1 mg; however,
lately it has been changed to <0.5 mg as the normal. In
our study [13], we had GCA patients who initially had
4–5 mg CRP, which decreased with steroid therapy to
1 mg, so that in such a patient a value of <0.5 mg CRP
as normal is deceptive. This factor may be responsible
for the presence of “normal CRP” in one case in the
above study [50].
Some have argued that ESR and CRP should not be
used as independent variables since they are measuring
the same phenomenon (acute phase response), and that
it may be more appropriate to assay interleukin-6, the
cytokine that directly stimulates CRP synthesis and
other protein production leading to elevated ESR. For
example, Weyand et al. [51], to determine the value of
the ESR and plasma interleukin-6 as biologic markers
for monitoring disease activity in GCA, investigated 25
biopsy positive GCA patients in a prospective study.
They concluded that plasma interleukin-6 is more sensitive than ESR for indicating disease activity in
untreated and treated GCA patients. We [13] conducted
a small pilot study in 23 biopsy positive GCA patients
on treatment to find out the relationship of interleukin-6
with ESR and CRP. We found no significant linear relationship between ESR and interleukin-6 (r = 0.004,
p = 0.982). There was a linear relationship between
CRP and interleukin-6 (r = 0.533, p = 0.028). This would
suggest that interleukin-6 may not provide any better
information than CRP. Moreover, CRP, unlike interleukin-6, is a quick, cheap and readily available test.

Thrombocytosis
In 1963 Olhagen [52] first reported thrombocytosis in 7
of his 12 GCA patients. Since then several reports of
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thrombocytosis in GCA have appeared in the literature
[53–70]. These studies have suggested a role for estimation of platelet count in diagnosis and management
of GCA because a decrease in platelet count with steroid therapy has also been reported. Some studies have
linked thrombocytosis to a higher risk of ischemic
complications in GCA [59, 60, 64, 68, 71, 72] while
others did not find this relationship [57, 67, 73]. In the
literature there were marked disparities among various
studies about the prevalence rate of thrombocytosis, the
cut-off values used to define thrombocytosis, as well as
the criteria used to diagnose GCA (Table 11.1).
We [70] investigated thrombocytosis in a study of
121 patients with temporal artery biopsy positive GCA;
57.0% had thrombocytosis, defined by the hematology
laboratory of our University Hospitals and Clinics, as
a serum platelet count >400 × 103/ml. Overall, the
platelet count was 421 (313–504) 103/ml, and this was
a significantly (P < 0.0001) higher value for platelet
count than in the control group, with sensitivity of
57.0% and specificity of 96.5%; comparable values for
ESR were 94.2% and 80.5% respectively and for CRP
98.6% and 75.7% respectively.
The finding of an elevated platelet count in GCA
has been described as reactive thrombocytosis and
attributed to the systemic inflammation present with
this disorder [54, 64]. In our study as well as in most
other studies [53, 54, 57, 60–72] platelet count was
evaluated among GCA patients at the time of initial
presentation, before the start of steroid therapy, as an
acute phase reactant. Some authors have also studied
the change in platelet count over time or in response
to corticosteroid therapy among patients with GCA
[54, 59, 62, 64, 66, 67]. Lincoff et al. [64] studied the
platelet count in the year prior to diagnosis among 19
patients with biopsy-proven GCA, and described an
“escalating thrombocytosis” among 13 patients; notably, all 13 patients showed a drop in their platelet count
after treatment with corticosteroids, which has also
been reported by most of the other studies in the
literature.
There are reports in the literature claiming that
GCA patients with systemic symptoms have higher
platelet counts than those without systemic symptoms
[57, 66]. This difference was not observed in our study
[70] when we compared GCA patients with and
without systemic symptoms.
The role of elevated platelet count and the possi
ble association of thrombocytosis with ischemic
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complications has been debated in the literature [56,
59, 60, 63, 67, 68, 71–73]. For example, De Keyser
et al. [60]. reported a correlation between thrombocytosis and ischemic lesions because their group with
ischemic complications (18 patients with visual loss,
stroke and transient ischemic attack) had a significantly (P < 0.01) higher prevalence of thrombocytosis
and a higher median platelet count than the group
without those ischemic complications (38 patients).
Similarly Liozon et al. [68] concluded that there was
a correlation between increased risk of vision loss and
higher platelet counts. However, a careful review of
the data and statistical methods in the latter study
revealed that in the analysis used to identify the independent risk factors for permanent vision loss, there
were 17 variables in the logistic regression model of
23 patients with permanent vision loss and 151 with no
vision loss. In such an analysis, a general rule is to
include no more than one independent variable per ten
subjects in the smaller of the two outcome groups to
derive a model that is reliable [74]. Therefore, Liozon
et al.’s [68] analysis incorporated too many independent variables in the logistic regression model for the
small sample size, and that resulted in a model that is
over-fitted. Thus, the conclusions derived from their
multiple logistic regression model may not be valid.
Those who believe in a possible relationship
between thrombocytosis and ischemic lesions in GCA,
have proposed various mechanisms to account for it.
Bengtsson [59] speculated that the arteritic process
may adversely affect the prostacyclin synthesis in the
arterial wall, thereby disturbing the balance between
prostacyclin and thromboxane A2 release from the
“activated platelets”, a substance known to be a potent
vasoconstrictor as well as a proaggregatory agent [75].
Gibb et al. [71], in one case of fatal basilar artery
thrombosis and GCA, found a high platelet count
(566 × 103 m/l), and concluded that ischemia could
result from embolization of platelet clumps from
inflamed intimal surfaces or by release of thromboxane A2 by activated platelets producing platelet aggregation and vasoconstriction.
In contrast to that, other authors have found no
such association between thrombocytosis and an
increased risk of ischemic complications in GCA [67,
73]. For example, Cid et al. [73], in a study of 200
consecutive biopsy-proved GCA patients, on comparing patients with ischemic lesions (32 patients) versus
those without ischemic lesions (168 patients), found
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Table 11.1 Summary of reports of thrombocytosis in GCA, based on large series (Reproduced from Costello et al. [70])
Author(s)
Patients
Mean age
Visual loss in
ESR initial (Mean)
Percent of
(number)
(years)
(patients)
(mm/h)
patients with
thrombocytosis (×103/ml)

186
Diagnostic Criteria for Giant Cell Arteritis

Various Diagnostic Tests for GCA

ocular ischemic complications compared to those
without in GCA, treatment with aspirin or other
platelet anti-aggregating agents to prevent visual loss
in GCA may not be justified. It seems the faulty rationale for the use of aspirin in GCA to prevent ischemic
complications stems from confusion between two
very different types of thrombocytosis: reactive thrombocytosis (seen in GCA) and essential thrombocytosis
(a chronic progressive myeloproliferative disorder of
insidious onset). With essential thrombocytosis there
is a high risk of thrombotic involvement of major vessels and the microcirculation [78], and aspirin is usually effective at relieving vasomotor and microvascular
occlusive symptoms, although there is only limited
evidence that its use reduces the risk of larger vessel
thrombosis even in those cases [10]. Also there is no
evidence that anticoagulants help to prevent blindness
in GCA [56, 79].

Other Hematologic Tests
To determine whether other routinely perfumed hematologic tests can help in diagnosis of GCA, we evaluated various routine hematologic variables in a study
of 121 GCA patients with positive temporal artery
biopsy. Examination of the relationship between the
hematocrit and ESR showed a significant negative correlation (P < 0.0001) (Fig. 11.3). There was also a negative correlation between ESR and hemoglobin
(P < 0.0001). A lower degree of correlation was seen
160
140
120
ESR (MM/hr)

no significant difference in platelet count between the
two. Wu [76] found none of the 11 patients with reactive thrombocytosis had thrombotic or hemorrhagic
complications. In our study [70] of 121 GCA patients,
we also found no significant difference in the mean
platelet counts between GCA patients with vision loss
(406 × 103/ml) and those without (425 × 103/ml). It is
relevant to point out that permanent visual loss, as a
complication of biopsy-proved GCA, was much
higher in our study than has been reported in other
GCA studies dealing with thrombocytosis [53, 56, 57,
60, 63–65, 67–69, 73]. Therefore, our study provides
much more reliable information on this issue than previous studies.
The study by Kaiser et al. [72]. showed that it is the
degree of intimal proliferation that plays a role in the
development of ischemic lesions and not an embolic
phenomenon. The lumen of arteries involved by GCA
is usually reduced by severe thickening of the intima,
and thrombus is often formed at the site of active
inflammation. Our fluorescein fundus angiographic
studies of GCA patients with A-AION (due to occlusion of the posterior ciliary artery), central retinal
artery occlusion and cilioretinal artery occlusion indicate that visual loss is primarily due to occlusion of the
involved artery by arteritis and associated thrombosis
and not due to embolism [5, 10, 44]. However, the possibility of detached microscopic clumps of platelets or
other material from the surface of a freshly forming
thrombus producing retinal cotton-wool spots [14],
before the thrombus completely occludes the common
trunk of the posterior ciliary artery and central retinal
artery [77], cannot be ruled out; on the other hand it is
important to bear in mind that such transient microscopic emboli are almost invariably too small to cause
occlusion of main ocular arteries and produce the devastating permanent visual loss of GCA. Thus, there is
no convincing evidence that ischemic manifestations
occur as a direct consequence of reactive thrombocytosis in GCA, particularly with the rather moderate
increases in platelets seen in GCA patients.
As regards the role of aspirin or other platelet antiaggregating agents to prevent visual loss in GCA, to
date there are no studies in support of their efficacy to
do that. Gonzales-Alegre et al. [67]. also found no evidence to support the idea of starting platelet aggregation inhibitors to prevent ischemic complications of
GCA. In our study [70], because there was no significant difference in the platelet counts of patients with
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Fig. 11.3 This scatter plot shows the relationship between the
hematocrit and ESR in GCA. There was a significant negative
correlation between the two (r = −0.50; 95% CI: –0.35, –0.63;
P < 0.0001) (Reproduced from Costello et al. [70])
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between platelet count and ESR (P = 0.0003)
(Fig. 11.4), with a non-significant correlation between
ESR and white blood cells (P = 0.104).
In the 71 GCA patients where we tested CRP, CRP
did not show a significant correlation with platelets
160
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Fig. 11.4 This scatter plot shows the relationship between
platelet count (103/ml)) and ESR in GCA. There was a weak correlation between the two (r = 0.33; 95% CI: 0.16, 0.48; P = 0.0003)
(Reproduced from Costello et al. [70])

(p = 0.757), hematocrit (p = 0.094), hemoglobin
(p = 0.269), and white blood cells (p = 0.913).
Comparison of ESR, CRP, and hematologic variables of GCA patients, and of A-AION with the
NA-AION group, showed significantly (P < 0.0001)
higher median levels of ESR, CRP, platelet count, and
white blood cell count and lower levels of hemoglobin
and hematocrit in the GCA patients and A-AION than
in NA-AION.
The Receiver Operating Characteristic (ROC)
curves for predicting GCA using ESR, platelet count,
hemoglobin, hematocrit, WBC count, and the combination of ESR and platelet count are shown in
Fig. 11.5a. ESR (AUC = 0.946) was a better predictor
of GCA compared to platelet count (AUC = 0.834),
hemoglobin (AUC = 0.854) and hematocrit (AUC = 0.841).
The combination of ESR and platelet count resulted in a
slight improvement in predictive ability (AUC = 0.953)
over ESR alone. WBC was least predictive of GCA
(AUC = 0.666).
To be able to compare the predictive ability of CRP
with ESR and platelet, the ROC analysis was
b
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Fig. 11.5 Receiver Operating Characteristic (ROC) Curves for
prediction of GCA from logistic regression analysis: (a) ROC
curves based on all patients in study (121 GCA and 287
NA-AION), with ESR, platelet count, hemoglobin, hematocrit,
WBC, or combination of ESR and platelet count as independent
variable. Comparing area under the curve (AUC), ESR is a better predictor of GCA compared to the other hematologic
variables. There is a small increase in AUC using platelet count
in combination with ESR compared to ESR alone (Reproduced
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from Costello et al. [70]). (b) ROC curves based on a subgroup
of patients with CRP measured (71 GCA and 103 NA-AION),
with CRP, ESR, platelet count, hemoglobin, combination of
ESR and platelet count, or combination of CRP and platelet
count as independent variables. Comparing area under the curve
(AUC), CRP is a better predictor of GCA compared to all other
hematologic variables. There is no increase in AUC using
platelet count in combination with CRP compared to CRP alone
(Reproduced from Costello et al. [70])
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performed on a subgroup of patients that had CRP
measured (71 GCA and 103 N-AION) (Fig. 11.5b).
CRP(AUC = 0.978) was a better predictor of GCA than
ESR (AUC = 0.909) and platelet count (AUC = 0.816),
as well as the combination of ESR and platelet count
(AUC = 0.920). The combination of platelet count with
CRP (AUC = 0.976) did not improve predictive ability
compared to CRP alone.
The combinations of sensitivity and specificity that
were used to construct the ROC curve for the ESRplatelet count combination were examined to select
a cut-off with desirable levels of false negative and false
positive rates. Since missing a diagnosis of GCA could
result in visual loss in one or both eyes, we would want
to have the lowest possible false negative rate while
keeping the false positive rate at an acceptable level.
Figure 11.6 shows three cut-off lines, A, B, and C, that
correspond to the lowest false negative rate (4.9%, 5.6%
and 8.9% respectively) with the false positive rate no
higher than 24.5%, 14.6%, and 9.6%, respectively. The
points that fall in the region to the right or above the line
are predicted to have GCA and the points in the region
to the left or below the line are predicted not to have
GCA. For example, for line B in Fig. 11.4, sensitivity is
86.8%, specificity is 93.7%, with a false negative rate of
5.6% and false positive rate of 14.6%.
It is well-established that GCA patients have anemia [53, 57, 69]. Therefore, in our study [70] we compared median levels of other hematologic variables

between our GCA and NA-AION patients. The former
had a significantly (P <0.0001) higher level of white
blood count and lower levels of hemoglobin and hematocrit than the latter. Thus, our study [70] suggests that
in the rare cases where the ESR and CRP may not be
conclusive, thrombocytosis and other hematologic
abnormalities (e.g., low hemoglobin, hematocrit) may
be helpful in suspecting and diagnosing GCA and
A-AION, although they may not, individually, add
very much to the value of ESR and/or CRP.
Other hematological tests, including serum amyloid A apolipoprotein, anticardiolipin antibodies,
Willebrand factor antigen, plasma viscosity, antineutrophil cytoplasm antibodies and HLA-DR, -DQ
AND -DP, have occasionally been advocated in diagnosis of GCA. However, none of them has so far been
shown to be as readily available and reliable as ESR
and CRP.

Temporal Artery Biopsy
Although this is considered the definitive criterion for
diagnosis of GCA, false-negative biopsies have been
reported and attributed to “skip areas” of arteritis in
superficial temporal arteries. Hedges et al. [80] found
5% false-negative temporal artery biopsies for GCA;
however, they found that age and ESR alone or in combination with other signs or symptoms of GCA, lacked
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Fig. 11.6 Three selected
cut-off lines for prediction of
GCA status based on
combination of ESR and
platelet count. The cut-off
lines, A, B, and C, correspond to the three lowest
false negative rates with the
false positive rates. The
points that fall in the region
to the right or above the line
are predicted to have GCA
and the points in the region to
the left or below the line are
predicted to not have GCA
(Reproduced from Costello
et al. [70])
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the sensitivity and specificity of biopsy results. An
important reason for false negative temporal artery
biopsy is the practice of examining only a few sections
on frozen sectioning of a biopsy. Breuer et al. [81] in
their study found that when GCA patients with positive
biopsy were compared with negative biopsy, positive
biopsy was significantly longer than in biopsy-negative
cases (p = 0.008). The rate of positive biopsies was only
19% with biopsy length of 5 mm or less, but increased
to 89% when temporal artery biopsy length was longer
than 20 mm. In our study [13] we took at least a one
inch piece of the superficial temporal artery and all
biopsies were serially sectioned throughout the entire
length; we had positive temporal artery biopsy in 100%
of 106 patients and a close follow-up of the remaining
257 patients with negative temporal artery biopsy
showed no stigmata of GCA develop in any of them,
indicating that we did not miss any patients with GCA.
Our study indicated that failing to do meticulous serial
sectioning of the entire length of the biopsy is the most
common cause of false negative results. For example,
in one of the biopsies in our study, only one of about
300 serial sections of the biopsy showed definite evidence of GCA. Similarly, we have had several patients
whose local pathologist had diagnosed biopsies from
both sides to be negative for GCA; when we got the
biopsy blocks and did serial sectioning ourselves, we
found evidence of florid GCA in both “negative” biopsies. Typical histopathological changes diagnostic of
GCA are shown in figure 13.5 in chapter 13.
Immunohistochemistry study of temporal artery
biopsy in ten patients with GCA and ten control patients
showed angiotensin I receptor staining primarily in the
medial layer of the temporal arteries and higher in the
patients with GCA than in the control patients. The
authors postulated that angiotensin type I receptors
may play a role in the development of GCA [82].
In our study [13], when the temporal artery biopsy
results on one side were equivocal or negative for GCA
but there was a very strong index of suspicion for GCA
based on clinical findings, the biopsy was usually
repeated on the other side (in 76 patients – second
biopsy was positive in seven of them). It could be
argued that by not doing a second biopsy in the rest
with a negative biopsy we might have missed some of
the patients with GCA. A close follow-up of all patients
with negative temporal artery biopsy in our study
showed no stigmata of GCA develop in any of them,
thereby indicating that we did not miss any patients
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with GCA. Patients with negative temporal artery
biopsy but with high ESR/CRP were referred to their
internists for a thorough systemic evaluation to find
out the cause(s) of the elevated ESR/CRP and to
institute appropriate management.
Granulomatous inflammation in the temporal artery
may also occur due to other systemic vasculitides and
may result in a false-positive, misleading biopsy for
GCA. The latter may be the reason that some young
patients are misdiagnosed as having GCA. We have
occasionally seen patients who have evidence of arteritis (e.g., polyarteritis nodosa) in the temporal artery
but who do not suffer from GCA.
We recommend that temporal artery biopsy should
be done in every patient suspected of having GCA,
even if the diagnosis is evident from other findings discussed above. This is for two reasons: (a) GCA is
a well-known masquerader; and (b) the only definitely
proved treatment of GCA is prolonged steroid therapy
and there is a high risk of development of steroid
related systemic complications. If a patient develops
serious complications of steroid therapy, resulting in
a medico-legal case, morphologic evidence of GCA in
temporal artery biopsy provides definite proof that the
treatment was appropriate.
There is frequently debate on whether temporal artery
biopsy should be done on one or both sides, and, if on
both sides, should it be done simultaneously, or on second side only if the first is found to be negative. Boyev
et al. [83] reported that performing a bilateral simultaneous or sequential temporal artery biopsy improves the
diagnostic yield in at least 3% of cases while Pless et al.
[84] found that in 5%. Danesh-Meyer et al. [85], on the
other hand, concluded that there is a low yield of information from a second temporal artery biopsy and did not
seem to favor doing a biopsy on the other side. In this
context, it is important to bear in mind that, contrary to
the prevalent impression, temporal artery biopsy is not
an entirely benign procedure; although it is usually safe,
a number of complications can develop from it, including severe hemorrhage, scalp necrosis and infection.
Because of the risk of complications following temporal
artery biopsy and the infrequent need to do temporal
artery biopsy on the other side to establish diagnosis, we
find no justification for doing temporal artery biopsy on
both sides at the same time.
Another commonly debated issue is whether steroid
therapy alters the temporal artery biopsy results. Most
of the available evidence indicates that it does not. For
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example, Achkar et al. [86] in a consecutive cohort of
535 patients found that previous corticosteroid treatment did not influence the positive rate of temporal
artery biopsy. Ray-Chaudhuri et al. [87] found that
temporal artery biopsy after 4 weeks or more of steroid
therapy was still positive. In fact repeat temporal artery
biopsy even after 9 years of steroid therapy has shown
evidence of active disease [88–92]. We have found that
steroid therapy does not influence the temporal artery
biopsy results. We feel that in patients with a strong
index of suspicion of GCA, it is dangerous to withhold
steroid therapy till temporal artery biopsy results are
available, because there is every possibility that the
patients might have suffered irreversible visual loss in
one or both eyes by the time temporal artery biopsy
results are available.

Doppler Tests in Diagnosis of GCA
The following Doppler tests have been advocated by
some for diagnosis of GCA:

 olor Doppler Sonography of Superficial
C
Temporal Arteries
Schmidt et al. [93] stated that a dark halo around the
lumen of the temporal arteries in GCA patients is a
specific sign and claimed that it may be possible to
make a diagnosis GCA without performing temporal
artery biopsy. According to them, this hypoechoic halo
is due to an edema of the artery wall and stenosis. They
found that in GCA this hypoechoic halo is also seen in
large vessels at the axillary and brachial arteries and in
temporal arteries in polyarteritis nodosa. Since then
several workers have investigated the role of color
Doppler sonography of superficial temporal arteries in
the diagnosis of GCA [94–101]. Stammler et al. [95]
concluded that it remains to be proven whether sonography without biopsy is reliable enough for the diagnosis and treatment of asymptomatic GCA. Schmidt et al.
[98], based on a study of ultrasonography and biopsy
of superficial temporal artery in 36 patients with GCA,
found 67% of the patients with a distinct dark halo
around the lumen of the temporal arteries, demonstrated by ultrasonography, also showed corresponding
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pronounced inflammatory cell infiltration of the vessel
wall. However, patients with no ultrasonographic
changes (33%) presented histological signs of initial
inflammation such as isolated inflammatory cells
around the vasa vasorum and/or in the adventitial layer.
This shows that ultrasonography would miss one third
of the GCA patients, which is unacceptable in view of
the fact that GCA is blinding disease. Pfadenhauer
et al. [97] found that color coded duplex sonography
cannot differentiate between inflammatory and degenerative artery disease and has spatial resolution limitations, and that it is only a complementary method in
evaluation of patients suspected to suffer from GCA
[100]. Schmid et al. [96] found the sensitivity of color
duplex sonography compared to temporal artery biopsy
as 50%. Pérez López et al. [101] stated that colorduplex ultrasonography may be helpful in the diagnosis of GCA, but its evaluation of the ophthalmic artery
is less useful for diagnosis of GCA and that it had no
relationship with blindness. Vianna et al. [99] found
the halo sign and/or the intra-arterial filling in 55.5% of
their negative temporal artery biopsy cases. Salvarani
et al. [102] found that the halo around temporal arteries
did not improve the diagnostic accuracy of a careful
physical examination. Bley et al. [103] on a review of
the literature on the subject concluded that color-coded
Duplex sonography is a strongly observer-dependent
imaging modality, and it may be difficult to distinguish
inflammatory from atherosclerotic mural changes.
In our studies on GCA patients, we have found that
perfectly normal and pulsating temporal arteries in
patients with positive temporal artery biopsy are not
rare. Thus, the chances of false negative results with
color Doppler sonography of superficial temporal
arteries are high and hence it has little role in establishing a definite diagnosis of GCA to prevent blindness.

Color Doppler Imaging
Since visual loss is the most frequent and important
complication of GCA, color Doppler imaging has been
advocated by some as a diagnostic test to evaluate the
blood flow in the ophthalmic, central retinal and posterior ciliary arteries [104–107]. Lauwerys et al. [104]
claimed that decreased blood flow velocity in the
superficial temporal artery is very common in GCA
patients and rare in PMR patients. Therefore, they
concluded that color Doppler imaging examination
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may contribute to the diagnosis of GCA. Ghanchi et al.
[106] stated that color Doppler imaging allows the
detection of blood flow in a posterior ciliary artery and
monitoring of alterations in orbital blood flow, and
that it may be used to aid management decisions.
To place the role of color Doppler imaging in GCA
in proper perspective, one has to understand some of
the very basic issues involved in visual loss in GCA. It
is well-established now that visual loss is the most
dreaded complication of GCA and that arteritic AION
is the most common cause of visual loss in GCA (see
Chap. 12). It is also well-established that posterior
ciliary arteries are the main source of blood supply to
the optic nerve (see Chap. 3). It is the occlusion of
posterior ciliary arteries in GCA that produce arteritic
AION (see Chap. 12). As discussed at length in Chap.
6, color Doppler imaging does not provide reliable
information on posterior ciliary artery blood flow.
Having dealt with patients with visual loss in GCA
since 1970, I find that the readily available test of
fluorescein fundus angiography, unlike color Doppler
imaging, provides precise and most reliable information about the circulation in the posterior ciliary arteries
as well as the central retinal artery [4, 5, 8, 10, 12, 14]
(see angiograms in Chap. 3). Fluorescein fundus
angiography is the ‘‘gold standard test’’ for information on the circulation in the posterior ciliary artery,
central retinal artery, retina and optic nerve in GCA.
By sharp contrast, color Doppler imaging is not a
readily available technique, requires extra technical
help and expertise, and, above all, it has multiple limitations (discussed in Chap. 6) to evaluate posterior
ciliary artery and optic nerve head circulation and that
makes it an unreliable test for this purpose.
While evaluating the merits of any diagnostic test,
one must ask a basic question: Is it ethically justified to
use a test of questionable sensitivity and specificity to
diagnose GCA, the consequence (blindness) of missing
which can be disastrous for the patient? In my opinion,
the answer is unequivocally NO. Thus, I find no place
for Doppler tests for routine diagnosis of GCA.

Neuro-Radiological Tests for GCA
More recently neuro-radiological tests for diagnosis
of GCA have been investigated, including computed
tomography, computed tomography angiography,
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magnetic resonance imaging, magnetic resonance
angiography, cerebral angiography and positron emission tomography [108–121]. These techniques have
been used primarily for evaluation of vasculitides of
large arteries. Bley et al. [119] investigated contrastenhanced, high-resolution magnetic resonance imaging in 32 patients with positive temporal artery biopsy
for GCA. Mural thickness, lumen diameter, and
a mural contrast enhancement score were assessed
with T1-weighted spin-echo images with submillimeter in-plane spatial resolution. Evaluation of the mural
inflammatory magnetic resolution imaging signs for
diagnosing vasculitis resulted in a sensitivity of 80.6%
and a specificity of 97.0%. The mean wall thickness
increased significantly (P <.001), and the lumen
diameter decreased significantly (P <.05) for patients
with GCA. They concluded that this test allows noninvasive assessment of mural inflammation in vessels
in GCA.
Magnetic resonance angiography has been advocated by some in GCA [108, 109, 111] Harada et al.
[109] in one case showed stenosis of both superficial
temporal arteries. Stanson et al. [111] reported stenosis of arteries of only the upper and lower extremities;
however, inflammation of the arterial wall could not
be detected by this technique. They went on to state
that standard computed tomography imaging with
contrast enhancement, and certain magnetic resonance imaging sequences as well as ultrasound permit
identification of the edema and inflammation of the
vessel wall.
The use of positron emission tomography has also
been investigated in GCA. Fletcher et al. [114] in one
patient with GCA found that positron emission
tomography revealed diffuse abnormal F-18 fluorodeoxyglucose (FDG) arterial uptake consistent with
GCA. After treatment with steroids, a repeat positron
emission tomography scan showed near-complete
resolution of the abnormal FDG uptake. de Leeuw
et al. [113] in 5 GCA patients found that positron
emission tomography visualized inflamed arteries in
all five patients, but there was a discrepancy between
positron emission tomography and angiography or
magnetic resonance angiography. In eight arteries of
four patients only positron emission tomography
showed disease involvement, while in 5 arteries of 2
patients only angiography or magnetic resonance
angiography showed involvement. They concluded
that positron emission tomography is a promising
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new technique for the diagnosis of large vessel
vasculitides. Furthermore, positron emission tomography appears to be a valuable tool for the assessment of disease activity during follow-up and of the
response to therapy. Blockmans et al. [117] evaluated FDG uptake in the large vessels of 35 GCA
patients with positron emission tomography. At diagnosis, vascular FDG uptake was noted in 83%, especially in the subclavian arteries (74%), but also in the
aorta (>50%) and up to the femoral arteries (37%).
They did not evaluate this in temporal arteries. Bley
et al. [118] stated that compared to positron emission
tomography with 18F-fluoro-2-deoxy-d-glucose,
which is a very sensitive whole-body screening tool
for detecting extracranial involvement of large vessel
vasculitis, magnetic resonance imaging allows visualization and assessment of both the superficial cranial arteries in high detail and the extracranial large
artery involvement in the same investigation. Both
et al. [120], based on their studies concluded that
magnetic resonance imaging and positron emission
tomography are unreliable for assessing large-vessel
inflammation in patients with GCA and pre-existing
immunosuppressive therapy. Magnetic resonance
imaging is valuable for its ability to detect morphological vessel lesions, such as aneurysms and
stenosis.
Optic nerve sheath enhancement with magnetic
resonance imaging of the brain and orbits with gadolinium has been reported in isolated cases of arteritic
AION [110, 112]
Zborowska et al. [116], based on only one case,
advocated using cerebral angiography to determine the
most appropriate artery to biopsy to confirm the diagnosis of GCA.

Fluorescein Fundus Angiography
Since visual loss is the most important and dreaded
complication of GCA due almost invariably to occlusion of the posterior ciliary arteries, and in some due to
associated occlusion of the central retinal artery or
cilioretinal artery, the first essential is to find out the
blood flow in those arteries in patients suspected to
have GCA from systemic symptoms and/or hematologic tests. It is well-established that fluorescein fundus
angiography is the most reliable test to provide that
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crucial information [5, 7, 10–12, 14, 44, 122, 123] (see
angiograms in Chap. 3). Having done fluorescein fundus angiography in more than 300 patients with GCA
and visual loss, I find that this provides the most critical information about the evidence of occlusion of
those arteries or their narrowing before they are completely closed. None of the Doppler or neuroradiological tests provide that crucial information.
Most importantly, fluorescein fundus angiography is
not only the most reliable and sensitive test to provide information about the blood flow in the ocular
arteries and their occlusion but is also much cheaper
and more readily available than the Doppler or
neuro-radiological tests. It is most unfortunate that it
is not used as frequently as it should be in the diagnosis
of GCA.

Conclusions
Visual loss in GCA is the most important, devastating
complication. The key to preventing that from
happening is to establish its diagnosis early, so that
intensive systemic corticosteroid therapy can be instituted immediately. Combined information from systemic symptoms, ESR and CRP provide the most useful
information. It is important to remember that normal
erythrocyte sedimentation rate does not rule out GCA
[13]. Our study [15] on GCA has shown that 21% of
GCA patients have no systemic symptoms of GCA
whatsoever, so that their absence does not rule out
GCA. Our study [13] also showed that among the various systemic symptoms, jaw claudication (most common), neck pain, anorexia, fever and weight loss are the
most significant symptoms. In the diagnosis of GCA,
elevated CRP was found to be the most reliable test.
Temporal artery biopsy is the ‘‘gold standard’’ but it is
not advisable to wait for its results to initiate steroid
therapy if other tests are strongly suggestive of GCA,
because by the time biopsy results are available, the
patient may have suffered more visual loss, which is
irreversible [21, 44]. My studies have shown that fluorescein fundus angiography provides the most critical
information about the evidence of occlusion of arteries
in GCA. By contrast, all the neuro-radiological and
Doppler evaluations discussed above are highly expensive, not as widely available and much less reliable than
the routine clinical and hematological evaluations and
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fluorescein fundus angiography for diagnosis of GCA.
Therefore, neuroradiological and Doppler tests are not
cost-effective when compared with the other readily
available, cheap and highly reliable tests for diagnosis
of GCA. They are not indicated in routine clinical
practice except for a very few special cases, for research
investigations or for evaluation of occlusion of large
arteries in the body.
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Ophthalmic Manifestations of Giant
Cell Arteritis

The most important complication of giant cell arteritis
(GCA) is the visual loss and from that point of view
GCA is the prime ophthalmic emergency, as discussed
in previous chapters.

Site of Lesion for Visual Loss
in Giant Cell Arteritis
This has been a controversial topic for a long time and
requires a detailed historical discussion because it has
important implications. Originally visual loss due to
GCA was thought to be due to central retinal artery
occlusion (CRAO). Meadows in 1954 [1], however,
found that in his 12 patients with visual loss, only one
had CRAO and in the rest there was ischemia of the
optic nerve head (ONH). It is interesting to review the
old literature and find how disparate the views were on
the exact location and cause of anterior ischemic optic

Fig. 12.1 Central artery of
the optic nerve, described by
François and Neetens [20].
CAON Central artery of the
optic nerve, CRA Central
retinal artery (Modified from
Fig. 12.9 by François and
Neetens [20])
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neuropathy (AION) - most of them, unfortunately,
based on lack of knowledge of the blood supply of the
optic nerve and ONH till 1969 [2].
Most authors before 1969, while describing a circulatory lesion in the optic nerve, made nonspecific, vague
statements as to the exact lesion. It was considered to be
a circulatory disturbance in the optic nerve due to pathologic changes [3]. Others thought the change mainly
affected the central retinal artery. Smith and Greene
mentioned the possibility that arteritis of vessels of the
optic nerve and retina is responsible for this [4]. Some
authors stated that these small vessel changes were
located in the anterior retrobulbar part of the optic
nerve [5, 6], while according to others, these were in the
vessels of the optic disc [1, 7–9]. Meadows [10] mentioned that there is ischemic damage to the optic disc
and anterior portion of the optic nerve.
Francois et al. [11–16] and others [17–19] postulated that it was due to occlusion of a “central artery
of the optic nerve” (Fig. 12.1), an artery whose
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existence they assumed. According to them, this
artery arises directly from the ophthalmic artery,
proximal to the origin of the central retinal artery
[20], enters the optic nerve behind the central retinal
artery, and divides into anterior and posterior branches
on reaching the center of the optic nerve; the anterior
and posterior branches run to the lamina cribrosa and
optic foramen respectively in the center of the optic
nerve. The anterior branch anastomoses with the circle of Haller and Zinn. They stated that it is “impossible to explain the symptoms without the presence
of an individualized axial arterial system in the optic
nerve” and concluded that “a central optic nerve
vascular system always exists” [16]. My anatomic
studies on the blood supply of the optic nerve and
branches of the ophthalmic artery in about 100 human
specimens [21–26] and also those of Beauvieux and
Ristitch [27] and Steele and Blunt [28] failed to
reveal a “central artery of the optic nerve” corresponding to the description by François et al. [20,
29–31]. Hence, occlusion of the “central artery of the
optic nerve” cannot be a factor in the etiology of
anterior ischemic optic neuropathy (AION). All this
was before I found in my studies that the ONH was
primarily supplied by the posterior ciliary arteries
(PCAs) [2] (see Chap. 3).
Interference with the blood supply to the retina as
the cause of visual loss has been considered by some
workers [4, 32, 33] because central retinal artery pressure fell, as judged by ophthalmodynamometry.
Uhthoff [34] and Smith and Green [4] thought it was
due to the involvement of vessels in both the optic
nerve and retina.
There are many histopathologic studies on GCA
patients with visual loss, which have provided most
important information about the location of the lesion
in the optic nerve [1, 6, 7, 35–49]. These studies have
shown that the area of greatest involvement in the
optic nerve is the area supplied by the PCAs, i.e., retrolaminar and ONH (mentioned as lamina cribrosa in
reports pertinent to the lamina cribrosa and prelaminar regions) [6, 7, 38, 40, 45–49]. The lesion begins
with infarction and evolves through liquefaction
necrosis (in 4 weeks) [49], a reactive increase in astrocytes and lymphocytes in 8 weeks [7], and finally to
retrolaminar fibrosis in 4 months [47]. The involved
part of the optic nerve usually is well-defined and circumscribed. All but two of these reports are of patients
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with GCA; it is not clear about the nature of AION in
the report by Knox et al. [49], which seems to contain
a mixture of both arteritic and non-arteritic-AION
(NA-AION). In the reports dealing with GCA [1, 6, 7,
35–44, 46, 47, 49], involvement of the central retinal
artery [6, 7, 35, 37, 38, 40, 42–46], the PCA [6, 7, 37,
38, 40, 42, 44–46, 49], and the ophthalmic artery [7,
38–40, 42, 45, 49] have been mentioned. There is only
one case in which none of these arteries was involved
[47], and this finding was explained as due either to
the long-term use of corticosteroids before the patient
died, or to the self-limiting nature of the disease.
Rodenhauser [6] is the only investigator to report
arteritis in the choroidal arteries and retinal arterioles.
Knox and Duke [48] reported focal necrosis of the
temporal half of the ONH and retrolaminar optic
nerve, with some distension of the lamina cribrosa in
that region, in a patient with occlusion of the left common carotid artery and generalized arteriosclerosis,
2 weeks after the onset of visual disturbance. Cogan
[45] also reported a case of AION with well-defined
infarction of the retrolaminar optic nerve in the entire
temporal half.
It is interesting to note that Ellenberger and
Netsky [50]. examined 40 optic nerves of people
older than 45 years for atherosclerosis and arteriosclerosis and found that changes in the optic nerve
vessels were similar to those seen elsewhere in the
body, suggesting that the optic nerve vessels were
constantly involved in systemic atherosclerosis and
arteriosclerosis. In AION, vascular changes in the
optic nerve correlated slightly or not at all with those
in the retina [51, 52].
Various mechanisms for the production of ischemic necrosis in the anterior part of the optic nerve
have been postulated. Kreibig [38] considered it to
be due to combined involvement of the axial and
peripheral (from short PCAs) vascular system due to
occlusion of the ophthalmic artery and short PCAs.
Spencer and Hoyt [40] agreed with Kreibig’s [38]
hypothesis. Meadows [1], Wagener and Hollenhorst
[53], and Macfaul [46] thought that ischemic
necrosis is due to involvement of the short PCAs as
they form the circle of Zinn and Haller. According
to Birkhead et al. [33] anoxic damage of the optic
nerve is probably due to extreme narrowing of the
lumen of the ophthalmic artery or central retinal
artery.

Site of Lesion for Visual Loss in Giant Cell Arteritis

Experimental and Clinical Studies
Related to Arteritic Anterior Ischemic
Optic Neuropathy
GCA produces arteritic AION (A-AION). My studies
of the blood supply of the ONH [2], as well as our
experimental studies [54–57] and clinical studies in
eyes with A-AION [58–71] have provided the crucial
information. As discussed in Chap. 3, the ONH is supplied by the PCAs. Experimental studies [54–57] were
conducted in rhesus monkeys to investigate the pathogenesis of AION, in which the various PCAs were cut
in different combinations in 85 rhesus monkey eyes.
These eyes developed AION that ophthalmoscopically
showed swelling of the optic disc when the eyes were
examined the day after occlusion of the PCAs (Fig. 12.2)
and, within 5–6 weeks, optic atrophy. Histologic examination of these eyes showed that the ONH and retrolaminar region (supplied by the PCA) were involved
(Fig. 12.3), similar to the findings in histopathological
studies of A-AION (Figs. 12.4–12.7) and embolic nonarteritic AION (Fig. 12.8). These showed that the basic

Fig. 12.2 Fundus photograph of a rhesus monkey, showing
chalky white optic disc edema 2 days after occlusion of the lateral PCA (Reproduced from Hayreh and Baines [55])
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lesion in A-AION is the occlusion of the PCAs, which
produces infarction not only of the ONH but also of the
adjacent retrolaminar part of the optic nerve, by virtue
of their distribution to the prelaminar, lamina cribrosa,
and retrolaminar regions.
Fluorescein angiographic studies in patients with
A-AION have provided the most critical and confirmatory evidence of the presence of occlusion of the PCAs
in these eyes [59, 61, 62, 64–66, 68–71]. During the
acute phase, at the onset of visual loss, they showed
occlusion of the PCA, resulting in complete absence of
filling of the choroid and also of the optic disc in the
region supplied by the occluded PCA (see Figs. 3.25,
3.26, 3.28–3.34, 3.36, 3.37, 3.43, 3.49, 3.50). In
patients with cilioretinal artery, the retinal area supplied by this artery is also infarcted (Figs. 12.9 and
12.10), and that was also seen in my experimental studies on occlusion of the PCA in eyes with cilioretinal
artery (see Fig. 3.4) [72]. Since the central retinal artery
does not supply the ONH, there is no involvement of
the central retinal artery per se, unless it arises by a
common trunk with the PCA from the ophthalmic
artery (see Figs. 3.21 and 3.22), and when the common
trunk is occluded by giant cell arteritis – such eyes then
present with occlusion of both the PCA and the central
retinal artery (Figs. 12.11 and 12.12). Foulds [73] also
attributed AION to interference with PCA circulation.
Thus, fluorescein angiographic studies in patients
with A-AION and experimental studies in rhesus monkeys established the role of occlusion of the PCAs in
A-AION. Histopathologic studies [1, 6, 7, 35–49], mentioned above, further confirmed this, because the infarct
involved the area supplied by the PCA, i.e., ONH and
immediate retrobulbar region (Figs. 12.4–12.7), in all
eyes. The PCAs were frequently involved in these eyes
[6, 7, 37, 38, 40, 42, 44–46, 49] - l0 of 16 case reports
mention PCA involvement, while five make no mention of the absence of PCA involvement; presumably
changes in the PCAs were not recorded. Only one
case [47] showed no changes in the PCAs and the
explanation for the absence of these changes is given
above. The possible role of PCA occlusion in the etiology of A-AION was also speculated by some workers who found obstructed PCA histopathologically
[1, 38, 46, 53]. We now know that the site of the
lesion for visual loss in GCA almost invariably lies
in the ONH and the adjacent retrolaminar region
and is the result of occlusion of the PCA, although
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Fig. 12.3 Photomicrographs of the ONH and retrolaminar optic
nerve in rhesus monkeys. (a) 36 days after occlusion of all the
PCAs (Masson’s Trichrome stain) showing atrophy and degenerative changes in retrolaminar region. (Reproduced from Hayreh
and Baines [55]) (b) Higher magnification of a part of (a) showing
marked degeneration of neural tissue in retrolaminar region,

p roducing an appearance resembling cavernous degeneration.
(Masson’s trichrome stain) (Reproduced from Hayreh [61]) (c)
42 days after occlusion of the lateral PCA (Masson’s Trichrome
stain) showing atrophy and degenerative changes involving the
temporal half of the optic nerve, with nasal half normal. (Masson’s
trichrome stain) (Reproduced from Hayreh and Baines [55])

occasionally it may be due to involvement of the retina (as mentioned above). In the old literature, it seems
arteritic and NA-AION were lumped together as one
disease and their pathogeneses were considered to be
similar.
In NA-AION, by contrast, there is no occlusion of
the PCAs, but only delayed filling of the peripapillary
choroid and adjacent part of the optic disc and/or the
watershed zone passing through the optic disc [64–66,
71, 74] (see Chap. 14). We [75] demonstrated experimentally that circulation in the optic disc, peripapillary
choroid, and choroid (all supplied by the PCA circulation) depends upon the difference between intraocular
and mean blood pressure in those vessels. This is discussed at length in the chapter dealing with pathogenesis of NA-AION (see Chap. 14). Therefore, in NA-AION
fluorescein angiography does not show filling defect

similar to that seen in A-AION and occlusion of the
PCA. In A-AION when fluorescein angiography is performed many days and weeks after its onset, similar
absence of a filling of the PCA circulation is not a true
guide to an earlier occurrence of a filling defect, which
is invariably seen at the time of onset of A-AION. This
is also true in many other arterial occlusive disorders,
including the retinal vascular occlusions [76].

Incidence of Ocular Involvement
in Giant Cell Arteritis
The most common ocular complication in GCA is loss
of vision in one or both eyes, which was first reported
in 1937 by Horton and Magath [77] and in 1938 by
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Fig. 12.4 Photomicrograph
of the ONH and retrolaminar
optic nerve of right eye with
4-week-old A-AION showing
a well-defined area of
infarction of the ONH and
retrolaminar region
(Verhoeff’s modified elastic
stain) (Reproduced from
MacMichael and Cullen [49])

Fig. 12.5 Photomicrograph
of the ONH and retrolaminar
optic nerve of a left eye with
18-day-old A-AION, showing
a sharply defined area of
necrosis in the anterior part of
the optic nerve and a partially
disintegrated lamina cribrosa.
There is presence of
hyaluronidase-sensitive
material (blue) similar to that
found in cavernous degeneration of the optic nerve (Alcian
blue stain) (Reproduced from
Hinzpeter and Naumann [107])

Jennings [78]. Since then, an enormous amount of literature has accumulated on the subject. Visual loss is
now well established as the most dreaded and irreversible complication of GCA, and that makes GCA an
ophthalmic emergency.
The incidence of ocular involvement given in the
literature varies widely – 38% [36, 79], 40% [1, 80],
44% [53], 45% [81], 50% [4], 33–57% [82], more than
half [83] and 70% [84]. The incidence of visual loss in
the earlier literature was 20% [39], 25% [1], 26.3%

[36], 33.3% [85], and 42% [83]; amaurosis fugax has
been reported in 20%, visual impairment in 44% and
bilateral blindness in 12% [53]. Liu et al. [86] in 45
patients with positive temporal artery biopsy found
visual loss in 41 individuals (63 eyes), and it was unilateral in 46% of the patients and bilateral in 54%
(sequential in 37%, and simultaneous in 17%); arteritic AION developed in 88% of eyes. A study by
a rheumatology group [87] in 161 biopsy-proven GCA
patients reported the following incidence of visual
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Fig. 12.6 Photomicrograph
of the ONH and retrolaminar
optic nerve of left eye with
4-month-old A-AION and no
light perception vision. It
shows atrophy of prelaminar
tissue and fibrosis and gliosis
of laminar and retrolaminar
tissue. (Verhoeff elastic stain)
(Reproduced from Henkind
et al. [47])

Fig. 12.7 Photomicrograph of the ONH and retrolaminar optic
nerve of an eye with A-AION showing atrophy of prelaminar
tissue and fibrosis of the laminar and retrolaminar tissue
(Reproduced by courtesy of late Paul Henkind)

manifestations: “visual ischemic complications” in
26%, and irreversible blindness, mainly due to AION
and frequently preceded by amaurosis fugax, in 15%.
They reported that patients with visual ischemic complications had lower clinical and laboratory biologic
markers of inflammation. HLA-DRB1*04-positive
patients had visual manifestations more commonly.

Fig. 12.8 Photomicrograph of the ONH and retrolaminar optic
nerve of an eye with non-arteritic AION showing infarction of
temporal half of the ONH and retrolaminar optic nerve
(Reproduced from Cogan [45])

According to them, the best predictors of any visual
complication were HLA-DRB1*04 phenotype and the
absence of anemia at the time of admission. The best
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Fig. 12.9 Right eye with A-AION and superior cilioretinal
artery occlusion. (a) Fundus photograph shows opacity of the
upper half of the retina, marked pallor in the upper half of the
optic disc but no edema, and chalky white edema of the lower
half of the optic disc. (b, c) Fluorescein angiograms – (b) shows
very slow filling of the cilioretinal artery above, normal filling of
the central retinal artery below, and slow filling of the choroid

with watershed zone above (arrow); (c) shows normal filling of
the retinal circulation in the lower half with box-carring (cattletrucking) in the retinal vessels above (seen typically in retinal
arterial occlusion) and uniform filling of the choroid. (d) Fundus
photograph 8½ months after onset of A-AION shows optic
atrophy and disc cupping, with peripapillary chorioretinal
degeneration

predictors of irreversible blindness (permanent visual
loss) were amaurosis fugax and cerebrovascular accidents. The presence of other ischemic complications
constitutes an alarm for the development of irreversible blindness. In contrast, a higher inflammatory

response may be a protective factor against the development of cranial ischemic events. A later study by the
same group [88] reported visual ischemic manifestations and irreversible visual loss in 22.4% and 12.5%
of the 255 patients, respectively. Salvarani et al. [89] in
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Fig. 12.10 Left eye with A-AION and cilioretinal artery occlusion. (a) Fundus photograph showing chalky-white optic disc
edema and a patch of retinal opacity in the distribution of the
cilioretinal artery occlusion. (b) Fluorescein angiogram showing
normal filling of the central retinal artery and of the choroid sup-

a
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b

plied by the lateral PCA, but no filling of the choroid and optic
disc supplied by the medial PCA as well as of the cilioretinal
artery (arrow). Note the supply by the medial PCA extends all
the way up to the fovea involving the entire optic disc
(Reproduced from Hayreh [64])

b

Fig. 12.11 Right eye with A-AION and central retinal artery
occlusion. (a) Fundus photograph showing pallor with no disc
edema and box-carring (cattle-trucking) in the retinal vessels.

(b) Fluorescein angiogram during the late phase showing boxcarring (cattle-trucking) in the retinal vessels (seen typically in
retinal arterial occlusion), with disc staining in the lower half

a study of 136 Italians with biopsy-proven GCA found
that the proportion of Italian patients with GCA that
developed visual loss was similar to that reported from
other countries. The patients with low inflammatory
response had a higher risk of visual loss.

This wide variation reported in the literature is
because the degree of loss detected depends upon
a number of factors, including the following: (1) The
most important factor is how early the diagnosis of
GCA is established and the treatment started - the

Incidence of Ocular Involvement in Giant Cell Arteritis

a

b

c

Fig. 12.12 Right eye with A-AION and central retinal artery
occlusion. (a) Fundus photograph showing chalky-white optic
disc edema and some mild box-carring (cattle-trucking) in the retinal vessels and cherry red spot with perifoveal retinal opacity seen
in central retinal artery occlusion. (b) Fluorescein angiogram
during the late phase showing box-carring (cattle-trucking) in the
retinal vessels (seen typically in retinal arterial occlusion), with
almost no disc staining. (c) Fundus photograph showing optic
atrophy and optic disc cupping, with peripapillary degeneration
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sooner GCA is diagnosed and managed satisfactorily,
the lower the incidence of visual loss. (2) GCA is a
well known masquerader of many systemic diseases
and vice versa. In the literature, not infrequently, the
diagnosis of GCA has been made purely on clinical
features and not confirmed by temporal artery biopsy.
This can result in inclusion of conditions other than
GCA. (3) The type of patients seen by the author(s)
(e.g., rheumatology, internal medicine, ophthalmology
or neurology) and referral patterns are other factors
responsible for the wide variation in the reported incidence of blindness.
Because of all that, we conducted a study to investigate the ocular manifestations of GCA in a systematic, prospective study, using the strict criterion of
positive temporal artery for GCA diagnosis [68]. There
were 170 patients with GCA proven by a temporal
artery biopsy in our study. In our series, the incidence
of ocular involvement was 50% and the incidence of
visual loss was 49%. We feel that this may reflect
a more realistic incidence, because every one of our
patients had the strict criterion of positive temporal
artery biopsy used for the diagnosis of GCA and
patients were referred from many kinds of physicians
(rheumatologists, internists, neurologists, ophthalmologists and other physicians). In our series, the patients
without ocular involvement were significantly younger
(p = 0.026), had higher ESR (p = 0.0163), and were
more likely to have headache (p = 0.0018), myalgia
(p < 0.0001), fever (p = 0.0062) and at least one of the
other systemic symptoms of GCA (p = 0.0007) than
those with ocular involvement. This difference in systemic symptoms between patients with and without
visual symptoms may possibly have been because the
latter group is more likely to be referred for temporal
artery biopsy because of high ESR and systemic symptoms than the former group. In the 85 patients with
ocular involvement, the ocular symptoms were visual
loss of varying severity in 83 (98%), amaurosis fugax
in 31%, diplopia in 6% and eye pain in 8%; ocular
ischemic lesions consisted of A-AION in 81%, CRAO
in 14%, PION in 7%, and cilioretinal artery occlusion
in 22%. In eyes with A-AION, the optic disc showed
chalky white edema in 69% during the acute phase
(Figs. 12.10a, 12.12a, 12.13, 12.14, 12.15b, 12.16,
12.17, 12.18a, 12.19a). The ocular symptoms and ischemic lesions were seen in a variety of combinations.
Our study does not agree with the very low incidence
of visual manifestations reports by a rheumatology
group [87, 88] which is due to selection bias caused by
two factors: (a) patients with visual loss invariably
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consult ophthalmologists rather than rheumatologists,
and (b) more importantly, 21% of patients with occult
GCA [69] will never consult a rheumatologist because
their sole symptom is visual loss without any systemic
symptoms.
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Second Eye Involvement in Giant
Cell Arteritis
Bilateral visual loss in GCA has been reported in the
literature but that varies widely among different
reports. It also varies between the early reports compared to the more recent reports. For example, Rucker

a

Fig. 12.13 Fundus photograph of right eye with A-AION
showing chalky-white optic disc edema with two small superficial retinal hemorrhages in upper part

Fig. 12.14 Fundus photograph of right eye with A-AION showing chalky-white optic disc edema

b

Fig. 12.15 Fundus photographs of right eye (a–c)of a patient
with GCA who developed A-AION first in the left eye with no
light perception, and later, while in the hospital on high-dose
steroid therapy for its management, developed A-AION in the
right eye with no light perception (see case report in Chap. 13).
(a) Normal right eye one day after the left eye developed A-AION.
(b) Right eye one day after development of A-AION [(5 days
after (a)]. (c) Right eye 4 months after developing A-AION

Second Eye Involvement in Giant Cell Arteritis
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c

Fig. 12.15 (continued)
Fig. 12.17 Fundus photograph of right eye with A-AION showing chalky-white optic disc edema, a small area of adjacent retinal
infarction (arrow) due to associated occlusion of tiny cilioretinal
artery and small peripapillary hemorrhage in inferior nasal region

Fig. 12.16 Fundus photograph of right eye with A-AION showing
chalky-white optic disc edema (Reproduced from Hayreh [61])

[90] in 1956 stated that when the vision is lost in one,
chances that it will be lost in the other eye within the
next few days or weeks are even. Mosher [91] in 1959
reported bilateral moderate visual loss in 6%. Wagener
and Hollenhorst [53] in 1958 stated that if the second
eye is not affected for 2 months, the prognosis is good.
In a Mayo Clinic series [53, 92] in 1960, bilateral
visual loss was seen in 29% of 73 GCA patients.
This was described as simultaneous bilateral loss in
six patients, and the usual interval between the

involvement of the two eyes was mentioned as 1 day to
1 week - the longest interval being 4 weeks. More
recently, Liu et al. [86] in 1994 reported a retrospective
review of records of 41 GCA patients with visual loss;
three developed visual loss in the fellow eye while on
high-dose corticosteroid therapy “within days of initial
visual loss”. In our series [68], reported in 1998, bilateral visual loss at the initial visit was seen in 27 (32%)
of 85 GCA patients. Of the 27 patients, 24 could give
definite information of the time interval in onset of
visual loss in the two eyes; 17% of them became aware
of the visual loss in both eyes at the same time, whereas
in the rest of the patients, the time interval between the
visual loss in the two eyes was 1–7 days in 46%,
8–14 days in 8%, 15–30 days in 8%, 1–2 months in
12.5%, and more than 6 months (7 and 9 months) in
8%. In all our patients who complained of simultaneous loss of vision in both eyes, fundus examination
revealed that in fact one eye had older changes than the
newly involved eye. This indicates that these patients
were not aware of visual loss in the first eye until the
second eye was involved, giving an erroneous impression of simultaneous visual loss in both eyes. I have
seen patients where premature reduction of corticosteroids below the critical dosage or its stoppage by the
local internists resulted in visual loss in the previously
uninvolved second eye from within a few days to about
2 months. This raises an important issue in the
management of corticosteroid therapy in GCA patients
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a

b
b

Fig. 12.18 Fundus photograph (a) and fluorescein fundus
angiogram (b) of right eye with A-AION and occlusion of a
small cilioretinal artery during the initial stages. (a) Fundus photograph shows chalky white optic disc edema with retinal infarct
in the distribution of occluded cilioretinal artery (arrow) and
small inferior temporal peripapillary hemorrhage. (b) Fluorescein
fundus angiogram shows evidence of occlusion of the medial
PCA and no filling in the region of the cilioretinal artery (arrow)
(Reproduced from Hayreh [71])

Fig. 12.19 Fundus photographs of left eye with A-AION. (a) It
shows chalky white optic disc edema and a cotton-wool spot
(arrow) during the acute phase. (b) It shows later on optic disc
atrophy and cupping

to prevent visual loss. There is an almost universal
practice among rheumatologists to guide steroid therapy purely based on systemic symptoms [93, 94] rather
than ESR and CRP levels; however, our study [95, 96]
showed that is a dangerous strategy with a risk of the
second eye losing vision (see Chap. 13).
Thus, the incidence of initial ocular involvement as
well as involvement of the second eye in GCA, very
much depends upon when the diagnosis is made, how
early the patient is seen, and how aggressively
systemic corticosteroid therapy is used. In our

experience with some 300 GCA patients with and
without ocular involvement, we have found that patients
will retain their existing vision and will not get the second eye involved, if they do not suffer any further
visual loss within the first week after starting adequate
systemic corticosteroid therapy, when satisfactory
therapy is maintained [96, 97]. Thus, blindness due to
GCA is preventable in the vast majority of cases, if
diagnosed early and treated properly. Our systemic
corticosteroid therapeutic regimen in patients with
GCA is discussed elsewhere [96] and in Chap. 13.

Optic Nerve Ischemic Lesions

Various Ophthalmic Manifestations
of Giant Cell Arteritis
The ocular lesions seen in GCA are ischemic in nature
due to thrombosis of one or more of the PCAs supplying
the eye and optic nerve by granulomatous inflammation.
GCA is a disease of the medium-sized and larger arteries.
As discussed above, histopathologic studies have reported
involvement of the PCAs, ophthalmic artery, nutrient
arteries of the optic nerve, or central retinal artery by
GCA. Among the orbital arteries, GCA has a special predilection for the PCAs, and that has also been shown by
our [59, 68] fluorescein fundus angiographic studies (see
Figs. 3.25, 3.26, 3.28–3.34, 3.36, 3.37, 3.43, 3.49, 3.50).
The PCAs always supply the choroid and ONH, and in
a number of eyes also give out the cilioretinal artery.

Classification of Ophthalmic Ischemic
Lesions of GCA
These may be classified according to various anatomical parts of the eye involved, e.g., the optic nerve, retina,
choroid, anterior segment and extraocular muscles.
As mentioned above, visual loss is the most feared
and irreversible complication of GCA. Therefore, ophthalmologists are likely to be the first physicians consulted by GCA patients with visual loss, especially
those with occult GCA [69] who have no associated
systemic symptoms at all. Apart from the visual loss,
patients with GCA can also develop other ophthalmic
complaints which may be early manifestations of
GCA. In view of all this, it is essential that ophthalmologists must be fully aware of the various ophthalmic manifestations of GCA, to enable them to suspect
and diagnose GCA early and initiate corticosteroid
therapy immediately, to prevent further visual loss.
The following is a brief account of the various
ophthalmic manifestations of GCA.

Amaurosis Fugax
Usually there is sudden, dramatic visual loss due to
GCA; however, in some cases it is preceded by amaurosis fugax. Amaurosis fugax is a well recognized
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complication of GCA. It has been reported by a large
number of publications; however, the frequency of
amaurosis fugax has been reported variably. For example, Hollenhorst et al. [92] reported amaurosis fugax in
47% of their 73 patients and 50% of them later developed permanent visual loss, González-Gay et al. [98].
in 14.6% of 52 patients, Cid et al. [99] in 32.3% of 32
patients, González-Gay et al. [87] in 14.9% of 161
patients, Nesher et al. [100] in one of 31 consecutive
patients (but they found it later in 4 of the 5 patients
with permanent visual loss), and Schmidt et al. [101]
in 4–6%. In our study [68] of 170 GCA patients, in
most cases, it preceded the visual loss. It was reported
by 31% of the 85 patients with ocular involvement or
27% of the involved eyes; in 64% of these eyes, amaurosis fugax preceded the development of permanent
visual loss - in 39% of the A-AION, 15% of the CRAO,
3% of the posterior ischemic optic neuropathy and 6%
of those with A-AION combined with cilioretinal
artery occlusion. Our study showed that the commonest cause of amaurosis fugax in GCA is transient ischemia of the ONH and, contrary to the
prevailing impression, not of the retina, because the
incidence of anterior or posterior ischemic optic
neuropathy is much higher than that of CRAO in
these cases (88% versus 13%). The most common
factor precipitating amaurosis fugax in our study was a
change in posture, e.g., suddenly standing up from
sitting position and associated with orthostatic hypotension, or stooping down with associated increase in
intraocular pressure in the eyes; both these factors
reduce the perfusion pressure in the ONH vessels and
further compromise the already poor circulation in the
ONH [102].
Raymond et al. [103] reported one patient with GCA
complaining of fleeting visual blurring with heat or exercise (Uhthoff’s symptom). Finelli [104] reported the
case of a 77-year-old man who had numerous episodes
of transient alternating loss of vision for several days.
The findings indicate that amaurosis fugax is an
important early visual symptom of GCA and an ominous sign of impending blindness.

Optic Nerve Ischemic Lesions
These consist of arteritic anterior and posterior ischemic optic neuropathies.
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Arteritic Anterior Ischemic Optic
Neuropathy (A-AION)
This is by far the most common and devastating ocular
complication of GCA, resulting in sudden, permanent,
partial or complete visual loss, involving one or both
eyes. The reported incidence of A-AION in GCA in
the literature varies between 18% and 88% [61]. In our
series [68], 81% of 85 patients or 76% of 123 eyes
developed A-AION.

Pathogenesis of A-AION
A-AION, as discussed above, is due to ischemia of
the ONH [55, 58]. PCAs are the main source of blood
supply to the ONH (see Chap. 3) [2, 65, 105, 106].
For some unknown reason, GCA has a special predilection to involve the PCA, resulting in its thrombotic occlusion. Therefore, occlusion of the PCA
results in infarction of a segment or the entire ONH,
depending upon the area of the ONH supplied by the
occluded PCA, which shows marked interindividual
variation (see Figs. 3.24, 3.25, 3.28–3.34, 3.36, 3.37,
3.43, 3.49, 3.50). That results in development of
A-AION. In fact, in our studies, in all patients with
visual loss due to GCA fluorescein fundus angiography showed evidence of PCA occlusion (see
Figs. 3.25, 3.26, 3.28–3.34, 3.36, 3.37, 3.43, 3.49,
3.50) [58, 59, 64, 66, 68, 102]. That has also been
demonstrated by histopathologic studies of eyes gone
blind due to GCA [40, 45–47, 49, 107], and has been
confirmed by experimental occlusion of the PCA
(Fig. 12.2) [54, 55].
In our study [68] of fluorescein fundus angiography of eyes during the early stage of A-AION, there
was occlusion of the medial PCA in 36% (see
Figs. 3.28–3.32), lateral PCA in 8% (see Figs. 3.24,
3.33–3.37), and both medial and lateral PCAs in
56% of the eyes (see Figs. 3.26 and 3.25) – thus the
medial PCA is the artery most commonly involved
by GCA. In some eyes choroidal watershed zone filling defects were seen (see Figs. 3.38, 3.40, 3.55)
[74]. In that study, fluorescein fundus angiography
almost always revealed involvement of the PCAs by
the GCA; it also revealed that the medial PCA supplied the entire (see Figs. 3.28, 3.29, 3.31, 3.37,
3.49, 3.50) or a part (see Figs. 3.10, 3.27, 3.30,
3.32–3.36, 3.38, 3.39) of the ONH in 93% and the
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lateral PCA correspondingly supplied the other part
of the ONH or the entire ONH (see Fig. 3.24) in
about 40%, and that agrees with the marked interindividual variation reported in the blood supply of the
ONH by the PCAs [65, 105, 106]. Since A-AION is
the major cause (in 81%) of visual loss in GCA,
occlusion of the medial PCA by GCA seems to be
mainly responsible for that. When only the medial or
lateral PCA is occluded, that usually results in segmental involvement of the ONH (see Figs. 3.10,
3.27, 3.30, 3.32–3.36, 3.38, 3.39), but when both
PCAs are occluded or the occluded PCA supplies
the entire ONH (see Figs. 3.26, 3.25, 3.28, 3.29,
3.31, 3.37, 3.49, 3.50), that results in involvement of
the entire ONH. Since A-AION is a thrombotic disorder, it results in much more severe ischemic damage than in NA-AION, which is NOT a thrombotic
disorder but primarily a hypotensive disorder (see
Chap. 14), resulting in massive visual loss in one or
both eyes in A-AION.
The most important fact in this context is that
AION is a common disease in the middle-aged and
elderly population and etiologically is of two types:
(i) A-AION due to GCA, and (ii) NA-AION due to
other causes. NA-AION is the more common of the
two types and is one of the most prevalent visually
crippling diseases in the middle-aged and elderly.
Although the two types of AION have many similar
clinical features and presentation, their management
is entirely different. A-AION is an ophthalmic emergency and these patients require immediate and
aggressive treatment with high-dose systemic corticosteroids to prevent further visual loss; visual loss
in GCA is preventable. In sharp contrast to that,
NA-AION is not an ophthalmic emergency. Therefore,
when a patient is diagnosed as having AION, the
first crucial step is to identify immediately whether it
is arteritic or non-arteritic. That naturally raises the
question of how to differentiate between the two types
of AION.

Differential Diagnosis of A-AION and NA-AION
The differential diagnosis of the two types of AION
is discussed at length elsewhere [66, 67, 71, 102].
Following is a brief account. I have found that the
collective information provided by the following
criteria helps to differentiate the two types of AION
reliably.

Optic Nerve Ischemic Lesions
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1. Systemic Symptoms of GCA
These are discussed in detail in Chap. 10. However,
21.2% with occult GCA have no systemic symptoms
of any kind, ever, and visual loss is the sole complaint
[69]. Therefore, absence of systemic symptoms does
not rule out GCA – this is an extremely important consideration, because in some patients GCA is missed for
that reason, with catastrophic visual loss. Patients with
NA-AION have no systemic symptoms of GCA.
2. Visual Symptoms
As discussed above, amaurosis fugax in a patient with
AION is highly suggestive of A-AION [68]. Amaurosis
fugax is extremely rare in NA-AION.
3. Hematologic Abnormalities
These are discussed in detail in Chap. 11. Immediate
evaluation of erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP) is vital in all AION
patients aged 50 and over – THIS IS A MUST.
Elevated ESR and CRP, particularly CRP, is helpful in
the diagnosis of GCA. Patients with NA-AION do not
show any of these abnormalities, except when a patient
has some other intercurrent systemic disease. There is
almost a universal impression that the presence of normal ESR rules out GCA. But I have had temporal artery
biopsy confirmed elderly GCA patients with ESR as
low as 4–5 mm/h. Therefore, the presence of “normal”
ESR does not rule out GCA – this is an extremely
important fact, because in some patients GCA is missed
for that reason, with catastrophic visual loss.
4. Early, Massive Visual Loss
Table 12.1 gives the initial visual acuity in NA-AION
[108] and A-AION [68] eyes in our studies. This shows
that early, massive visual loss is extremely suggestive
of A-AION; however, the presence of perfectly normal
visual acuity does not rule out A-AION.
Table 12.1 Initial visual acuity in NA-AION and A-AION in
our series
NA-AION (n = 386 eyes)
A-AION (n = 123 eyes)
Visual acuity
Percentage
Visual acuity Percentage
20/15–20/30

46

20/40 or better 21

20/40–20/60

18

20/50–20/60

8

20/70–20/100

11

20/70–20/100

9

20/200–20/400 11

20/200–20/400

8

Count fingers
or worse

Count fingers
or worsea

14

54

a
Of the 66 eyes in this group, 47% had count fingers to hand
motion visual acuity, 24% had only light perception and 29%
no-light perception

However, the presence of perfectly normal visual
acuity does not rule out A-AION.
5. Chalky White Optic Disc Edema
This is seen commonly in A-AION (Figs. 12.10a,
12.12a, 12.13, 12.14, 12.15b, 12.16, 12.17, 12.18a,
12.19) [59, 61, 62, 66, 68, 71, 102]. It was seen in 69%
of the A-AION eyes in our study [68]. The presence
of chalky white optic disc edema is almost diagnostic
of A-AION. In NA-AION, chalky white optic disc
edema occurs only very rarely with embolic occlusion
of the PCA.
6.	AION Associated With Cilioretinal Artery Occlusion
This also is almost diagnostic of A-AION (Figs. 12.9,
12.10, 12.17, 12.18) [59, 61, 66, 68, 71, 102]. This is
because both the ONH and cilioretinal artery derive
their blood supply from the PCA, and occlusion of the
PCA naturally results in both lesions.
7.	Evidence of Occlusion of the PCA on Fluorescein
Fundus Angiography
If angiography is performed during the first few days
after the onset of A-AION, the choroid supplied by
one or more of the PCAs does not fill [59, 61, 65, 66,
68, 71, 102] (see Figs. 3.24, 3.25, 3.28–3.34, 3.36,
3.37, 3.43, 3.49, 3.50) This is almost diagnostic of
A-AION as well. However, later on, with the establishment of collateral circulation, this information may be
lost. In NA-AION, in my studies, I found that such a
non-filling of a PCA on angiography is not seen, except
in an extremely rare case when there is embolic occlusion of the PCA (see Figs. 3.27 and 3.35).
8. Temporal Artery Biopsy
This finally establishes the diagnosis and its role is discussed in Chap. 11.
Although none of these findings is present in 100% of
the GCA patients, combined information from all of them
put together should establish the diagnosis of A-AION.
Thus, clinically the following 3 signs in particular,
when present, are virtually diagnostic of A-AION
and are not seen in NA-AION:
1. Chalky white optic disc edema.
2. AION associated with cilioretinal artery
occlusion.
3. Evidence of complete occlusion of the PCA on
fluorescein fundus angiography.
Clinical Features of A-AION
There is sudden dramatic visual loss. It is not unusual
to find that the visual loss and/or progression in visual
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loss is discovered on waking up from sleep in the
morning or from a nap. This suggests that nocturnal
arterial hypotension [109, 110] helps to complete a
thrombotic occlusion by stasis or a drop in perfusion
pressure below the critical level in the partially
occluded PCA; that compromises the circulation for a
long enough period to produce infarction of the ONH
and A-AION.

Age, Gender and Race
Since GCA invariably is cause of A-AION, these factors (discussed in chapter 9) play important role in
A-AION as well. Thus, A-AION is a disease of late
middle-aged and elderly persons, more common in
women and mostly seen in Caucasians. In our study
[68] of 85 GCA patients with A-AION, mean ± SD age
was 76.2 ± 7.0 (range 57–93 years), 71% were women
and 29% men, and all but one Caucasians.

Ophthalmic Symptoms
As discussed above, amaurosis fugax is an important
visual symptom and an ominous sign of impending
visual loss in GCA [68]. Most patients with GCA
develop visual loss suddenly without any warning.
Simultaneous bilateral visual loss has been reported;
however, as discussed above, our study [68] indicated,
that it generally represented cases where the patient
was unaware of vision loss in one eye until the second
eye is also involved. Also, the incidence of bilateral
involvement depends upon how early the patient is
seen, when the diagnosis is made, and how aggressively systemic corticosteroid therapy is used – the
longer the time interval from the onset of visual symptoms in one eye without adequate corticosteroid therapy, the higher the risk of second eye involvement.
I have seen a rare patient with GCA suffering from
euphoria and even denying any visual loss.
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ischemia due to PCA occlusion. As discussed in Chap.
3, there is marked interindividual variation in the area
of supply in the ONH by the various PCAs. For example, occlusion of the medial PCA in GCA may: (a) not
involve the ONH at all (see Fig. 3.41) and consequently
cause no visual loss, or (b) it may involve the whole of
the ONH and cause complete infarction of the ONH
(see Figs. 3.28, 3.29, 3.31, 3.50) resulting in complete
loss of vision, or (c) it may involve only any one part of
the ONH (see Figs. 3.27, 3.30, 3.32, 3.43), in which
case the extent of the visual loss depends upon which
part of the ONH is involved. Similarly, occlusion of the
lateral PCA may: (a) not involve the ONH at all (see
Figs. 3.37 and 3.49), or (b) may involve the whole of it
(see Fig. 3.24), or (c) only one part of it (see Figs. 3.33–
3.36). Therefore, unfortunately, the common concept
that occlusion of the PCA in GCA causes a similar type
of visual loss in all eyes is not valid. For example, in
the eye in Fig. 3.32, occlusion of the medial PCA
involved all the ONH except a small part of the temporal region (supplied by the normal lateral PCA), and
the eye had 20/20 visual acuity and tiny central visual
field defect. On the other hand, occlusion of the medial
PCA in Figs. 3.28, 3.29, 3.31, 3.50 involved the entire
ONH and resulted in no light perception.

Visual Acuity
Table 12.1 gives the initial visual acuity in our series of
123 eyes with visual loss due to GCA [68]. Thus,
although usually there is a marked deterioration of
visual acuity in GCA, almost normal visual acuity does
not rule it out. Visual loss in 76% of these eyes was due
to A-AION. Liu et al. [86] in 55 eyes with A-AION
reported the visual acuity 20/200 or worse in 70% and
21% no light perception. In our series [68] of 123 eyes
with visual loss, visual acuity was 20/200 or worse in
62% and no light perception in 15%.

Visual Fields
Visual Loss in GCA
In the vast majority of cases, the visual loss in GCA is
due to A-AION. The extent and severity of visual loss
(i.e., field defects and visual acuity) depend upon the
severity and location of ONH damage caused by

At mentioned above, the type and extent of the visual
field defect depends upon the extent and location of the
part of the ONH involved by the occluded PCA, which
varies widely. Compared to NA-AION, the visual defects
are much more extensive and severe in A-AION because
of more extensive and severer ONH ischemic damage.

Optic Nerve Ischemic Lesions

Optic Disc Changes
1. During the acute phase: Initially the optic disc
develops edema in all eyes. Optic disc edema, compared to NA-AION, usually has a diagnostic appearance in A-AION, i.e., chalky white color (Figs. 12.9a,
12.10a, 12.12a, 12.13, 12.14, 12.15b, 12.16, 12.17,
12.18a, 12.19) [59, 61, 62, 66, 68, 71, 102]. In our
series [68], this was seen in 69% of the eyes with
A-AION during the acute phase, with normal retinal circulation, except when there was associated
cilioretinal artery (Figs. 12.9, 12.10, 12.17, 12.18)
or CRAO (Figs. 12.11 and 12.12). As discussed
below, when there is combined CRAO and A-AION,
there may not be any optic disc edema (Fig. 12.11a).
Similarly Fig. 12.9a shows chalky white optic disc
edema only in the lower part of the optic disc but
not in the upper part where cilioretinal artery occlusion resulted in infarction of the entire upper half of
the retina. As discussed below, infarction of the
retina in these conditions results in death of all ganglion cells, resulting in absent axoplasmic flow and
consequently no optic disc edema. I have had the
opportunity to see rare cases soon after the onset of
visual loss due to A-AION when the disc was only
hyperemic with mild edema, later on changing to
chalky white edema; in one case immediately after
onset, at first examination in the morning the disc
was hyperemic and at 4 PM it was chalky white.
2. A
 fter resolution of optic disc edema: With resolution
of optic disc edema, optic atrophy usually develops
within 6–8 weeks; the optic disc in the vast majority
shows cupping indistinguishable from that seen in
glaucomatous optic neuropathy (Figs. 12.9d, 12.12c,
12.15c, 12.19b) [59–62, 68, 71, 111, 112] except that
the disc rim is pale whereas it is of normal color in
glaucomatous optic neuropathy. Figure 12.15 of the
right eye is an excellent example of development of
cupping of the disc in A-AION. This patient was first
seen with A-AION in the left eye. Five days later he
developed A-AION in the right eye. Figure 12.15a is
fundus photograph of the right eye when the eye was
normal; Fig. 12.15b is 3 days after the A-AION
developed in that eye and shows optic disc edema;
and Fig. 12.15c is 4 months later when the optic disc
developed cupping (see detailed report of this patient
in Chap. 13). If eyes with A-AION are seen late,
cupping of the optic disc may result in a misdiagnosis of old, burned out glaucoma and visual loss. By
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contrast, in NA-AION such cupping of the optic disc
is very rare. Danesh-Meyer et al. [111] in a study of
92 A-AION and 102 NA-AION found optic disc
cupping in 92% in A-AION and in only 2% of
NA-AION. These authors [112] also compared cup
size in involved versus the uninvolved eyes in patients
with unilateral A-AION and unilateral NA-AION; in
eyes affected with A-AION there was a “significant
excavation and enlargement of the optic cup when
compared with contralateral uninvolved eyes” but
not so in NA-AION.

Fluorescein Fundus Angiography
As a routine I do fluorescein fundus angiography in
all eyes with fresh AION because it provides extremely
useful information. My studies [59, 61, 62, 65–68, 71,
102] on A-AION, showed evidence of occlusion of
PCA. Our latest study [68] showed that lateral and/or
medial PCA circulation was abnormal in all eyes. In a
few eyes when an additional very small superior
(Fig. 12.20) or inferior or both superior and inferior
PCAs were present, those were not involved. When
angiography was performed soon after the onset of
visual loss, the involved eye invariably showed

Fig. 12.20 Fluorescein fundus angiogram of an eye with
A-AION, showing the sites of entry of two superior short PCAs
and their course in the choroid but not of any other PCA
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complete occlusion of the PCA (see Figs. 3.24, 3.25,
3.28–3.34, 3.36, 3.37, 3.43, 3.49, 3.50); however,
when angiography was not performed within the first
few days of onset of visual loss, there was only moderate to marked delay in filling of the choroidal vascular bed in the distribution of the involved PCA,
depending upon the time gap between the onset of
A-AION and angiography. The circulatory abnormality involved the medial PCA only in 36%, lateral PCA
only in 8%, and both lateral and medial PCAs in 56%.
There was marked interocular variation in the supply
by the medial and lateral PCAs in the choroid and the
optic disc (see Figs. 3.24, 3.25, 3.28–3.34, 3.36–3.38,
3.40, 3.43, 3.49, 3.50) [65, 74, 102, 106]. These findings indicate that the major source of blood supply to
the ONH is usually the medial PCA (but not always)
[68]. A few eyes showed only a choroidal watershed
zone [74] filling defect between the two PCAs, like a
non-fluorescent band (see Figs. 3.38, 3.40, 3.41).
Thus, fluorescein angiography almost always revealed
involvement of the PCAs by the GCA. This provides
very useful information and angiography must be
performed in all eyes with acute AION without
exception. It helps not only to determine the circulatory defect, but also most importantly to differentiate
arteritic from NA-AION. Fluorescein fundus angiography during the early stages constitutes a critical
diagnostic test for A-AION. It is unfortunate that
most neuro-ophthalmologists do not do angiography
and miss important information. That is responsible
for a good deal of confusion and controversy on the
subject of AION. In all our studies of A-AION cases
[59, 61, 62, 65–68, 71, 102], as discussed above,
absent filling of the PCA on angiography has been
well documented.

Arteritic Posterior Ischemic Optic
Neuropathy (A-PION)
The posterior part of the optic nerve may be involved
by acute ischemic lesions caused by GCA and produce
A-PION [113–115]. This is due to occlusion of orbital
arteries which supply small nutrient arteries to this part
of the nerve (see Figs. 3.3, 3.15–3.18). In GCA, development of A-PION been described in the past [33, 53,
84, 92, 116, 117], under different eponyms. It is discussed at length in Chap. 21.
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Retinal Ischemic Lesions
These include central or cilioretinal artery occlusion or
cotton-wool spots.

Central Retinal Artery Occlusion (CRAO)
The incidence of CRAO in GCA has been given in the
literature between 2% and 18% [53, 68, 92]. In our
study [68], this was seen in 14% (12 of 85) of the
patients or 12% (15 of 123) of the eyes. CRAO is almost
invariably combined with PCA occlusion – the latter
detected only on fluorescein fundus angiography. In our
studies [59, 68], while ophthalmoscopy revealed a classical picture of CRAO with or without optic disc edema
in these cases, fluorescein fundus angiography in fact
revealed a combined occlusion of the central retinal
artery and one of the PCAs (Figs. 12.11b and 12.12b).
This is because the central retinal artery arises from the
ophthalmic artery by a common trunk with one or more
of the PCAs (Figs. 12.21 and 12.22, see asterisks for the
common trunk) in 60% of human cases [22, 24]. In such
cases, if arteritis involves the common trunk and causes
its thrombosis and occlusion, that results in occlusion of
both the PCA (manifesting as A-AION) and the CRA.
The absence of optic disc edema in eyes with combined
CRAO and A-AION (i.e., PCA occlusion) (Fig. 12.11a)
is due to stoppage of axoplasm formation by the ischemic retinal ganglion cells, and we know that optic disc
edema in AION is due to axoplasmic flow stasis at the
ONH [118]. Similarly Fig. 12.9a shows chalky white
optic disc edema only in the lower part of the optic disc
but not in the upper part where cilioretinal artery occlusion resulted in infarction of the entire upper half of the
retina. In some eyes with both CRAO and PCA occlusion, the possibility that the two arteries may be independently involved by the arteritic process cannot be
ruled out. Also, the possibility of an eye developing
CRAO only due to GCA cannot be ruled out. Therefore,
as a rule, when persons 50 years or older present with
CRAO, fluorescein fundus angiography must be
performed to find out if there is underlying PCA occlusion as well, because its presence is almost diagnostic
of CRAO due to GCA. Such patients require immediate
and aggressive corticosteroid therapy to prevent catastrophic visual loss - which is preventable with adequate
corticosteroid therapy (see Chap. 13).

Retinal Ischemic Lesions

Fig. 12.21 Example of a common trunk of origin of central
retinal artery and PCA from the ophthalmic artery as seen from
below – central retinal artery and lateral PCA arising by a common trunk. CRA Central retinal artery, LPCA Lateral PCA, OA
Ophthalmic artery, PPS Point of penetration into the sheath by
CRA, * Common trunk of origin of CRA and PCA

Cilioretinal Artery Occlusion
The cilioretinal artery arises directly or indirectly from
the PCA. Since GCA has a special predilection for
involving the PCAs, it is not surprising to see simultaneous development of both A-AION and cilioretinal
artery occlusion, when an eye has a cilioretinal artery
(Figs.12.9, 12.10, 12.17, 12.18) [59, 62, 66, 68, 71].
In our series [68], this was seen in 22% of the patients
or 21% of the eyes. In one of our patients cilioretinal
artery occlusion was the sole presentation of GCA,
without any associated A-AION, because the occluded
lateral PCA (the source of the cilioretinal artery) in
that eye did not supply the ONH. The area of the retina
supplied by a cilioretinal artery can vary widely from
large (Fig. 12.9) to only tiny (Figs. 12.17 and 12.18)
These eyes present with a classical, diagnostic clinical
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Fig. 12.22 Example of a common trunk of origin of central
retinal artery and PCA from the ophthalmic artery as seen from
below – central retinal artery and medial PCA arising by a common trunk. CRA Central retinal artery, LPCA Lateral PCA, MPCA
Medical PCA, OA Ophthalmic artery, ON Optic nerve, * Common
trunk of origin of CRA and PCA (Reproduced from Hayreh
[71])

picture of GCA, i.e., a combination of chalky white
optic disc edema, retinal infarct in the region of the
occluded cilioretinal artery and PCA occlusion on
fluorescein angiography. Unfortunately, cilioretinal
artery occlusion has often been misdiagnosed as
a “branch retinal artery occlusion” with GCA [119],
but the so-called “branch retinal arteries” are in fact
arterioles, and GCA is a disease of the medium-sized
and large arteries and not of the arterioles; hence, it is
illogical to have branch retinal artery occlusion due to
GCA [68, 96]. Because of that reason, I have never
seen a true branch retinal artery occlusion with GCA.
I have seen patients with cilioretinal artery occlusion
misdiagnosed by ophthalmologists as ordinary branch
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retinal artery occlusion and left untreated, resulting in
catastrophic visual loss in both eyes, which could have
been prevented, if the possibility of GCA as one of its
causes had been borne in mind. Thus, as a rule, in all
patients 50 years and older, it is essential to rule out
GCA in all patients with cilioretinal artery occlusion
(or so-called “branch retinal artery occlusion”) to
prevent catastrophic visual loss.
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Other Retinal Lesions
In addition to these well-known retinal lesions, in the
literature there is an occasional mention of the presence of phlebitis of one of the retinal veins [77, 121] or
of central retinal vein occlusion [53, 84]. I have never
seen this and there is no logical reason to expect it,
since GCA is not a disease of the veins. I think that it
is purely a chance occurrence.

Cotton-Wool Spots
Choroidal Ischemic Lesions

One third of the eyes with visual loss in our series [68]
had retinal cotton-wool spots at the posterior pole during early stages of the disease (Figs. 12.19a, 12.23,
12.24). They represent focal inner retinal ischemic
lesions. In GCA, most probably these are due to platelet microembolization from the partially thrombosed
regional arteries, i.e., ophthalmic artery, central retinal
artery or the common trunk of central retinal artery and
PCA (Figs. 12.21 and 12.22). Since GCA is a disease
of medium-sized and large arteries, it cannot involve
terminal retinal arterioles to produce cotton-wool
spots. Isolated cotton-wool spots can be an early ophthalmoscopic finding in GCA and precede severe irreversible visual loss [120].

In GCA, occlusion of the PCAs may, in addition to
A-AION, produce patches of choroidal infarcts which
2–3 weeks later appear as peripheral chorioretinal
degenerative lesions. They are usually located in the
mid-peripheral region of the fundus and frequently
are triangular in shape with their base towards the
equator and apex towards the posterior pole
(Fig. 12.25) [59, 61, 122]. In our series [68], these
were seen in only 10 of the 85 eyes with visual loss
due to GCA.

Fig. 12.23 Fundus photograph of left eye of a patient with GCA
with two cotton-wool spots (arrows)

Fig. 12.24 Fundus photograph of right eye with A-AION and
a cotton-wool spot (arrow)

Miscellaneous Ocular Ischemic Lesions

a

b
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Hwang et al. [125] showed evidence of ophthalmic
artery occlusion in their case. This shows an extremely
rare occurrence of this condition in GCA. It is possible
that in the literature patients with A-AION, arteritic
PION, CRAO and/or choroidal ischemia have been
categorized as having “ocular ischemia”, rather than
the classical ocular ischemic syndrome. The usual
explanation given has been that it was caused by
thrombosis and occlusion of the ophthalmic artery by
GCA; however, that has mostly been a presumptive
explanation in these reports.

Anterior Segment Ischemic Lesions

Fig. 12.25 Fundus photograph of left eye of a patient with GCA
and A-AION several months after visual loss. (a) A composite
fundus photograph showing peripheral chorioretinal lesions
with optic atrophy. (b) A magnified view of the area indicated by
arrow in (a)

Miscellaneous Ocular Ischemic Lesions
Ocular Ischemic Syndrome
There are many vague mentions of the presence of
ocular ischemia in patients with GCA, without any
specific information about its clinical features, frequency or cause. In our study [123] of 32 consecutive
patients with ocular ischemic syndrome, GCA was
responsible in none of them for its development.
Similarly in our study [68] of ocular manifestations of
GCA in 170 patients, none had what is classically
described as “ocular ischemic syndrome”. I have been
able to find only 4 case reports of development of
ocular ischemic syndrome with GCA [124–127].

There are several anecdotal case reports of this in GCA
in the literature [61, 67, 68, 124–138] Ocular hypotony
as a manifestation of anterior segment ischemia in
GCA has been reported [61, 128–133, 136]. Other
anterior segment manifestations of GCA include
“uveitis” [61, 139–143] (this may actually represent
protein and cells leaking from ischemic iris/ciliary
body vessels rather than genuine uveitis) or associated
with corneal changes [61, 133, 144], marginal corneal
ulceration [134], reduced corneal sensitivity [145], fall
of corneal temperature [146], necrotizing anterior
scleritis [147] scleritis and episcleritis [148], or neovascular glaucoma [44]. In our recent series of 170 GCA
patients [68] there was only one patient with anterior
segment ischemia and associated neovascular
glaucoma.

Pupillary Abnormalities
In GCA, the commonest abnormality is a relative afferent pupillary defect because of visual loss in one eye
due usually to A-AION and in some cases to PION or
CRAO. Anterior segment ischemia, by causing iris
ischemia, can also cause pupillary abnormality.
Development of Horner’s syndrome associated with
GCA has been reported [149–151]. Some have reported
development of tonic pupils from GCA [152–154] and
it has been postulated that may be due to ischemia of
the ciliary body [153].
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Extra-Ocular Motility Disorders
There are many anecdotal case reports of development
of diplopia in GCA due to involvement of the extraocular
muscle, with or without visual disturbance. The
reported incidence in larger series has been 10–15%,
e.g., Whitfield et al. [82] reported that in 12 out of 72
GCA patients, Caselli et al. [155] in only 2%, Jonasson
et al. [156] in 5%, and Glutz von Blotzheim and Borruat
[157] in 4 of 47 patients. In our series [68] of 170 GCA
patients, the incidence was 6% and all of them gave a
history of only transient diplopia and had no diplopia
on examination in our clinic; however, it is possible
that this may be an under estimate because if one eye is
blind or has severe visual loss, no diplopia may be
experienced in spite of extraocular muscle palsy. In one
woman in our series, however, a history of transient
diplopia was the only presenting symptom of GCA.
Meadows [10] stated that diplopia usually appears
during the active phase of arteritis, some weeks after
the headache, although occasionally headache and
diplopia may appear together as the first signs, or
extraocular muscle palsy may precede visual loss. It
has been suggested that unexplained diplopia in elderly
persons should raise a suspicion of GCA and lead to
a search for other manifestations of this disease [158].
According to some authors, the vertical eye muscles
are involved first and most often [92], while according
to others, there is usually sixth nerve palsy [159], or
third nerve [160], and still others have reported involvement of any one or all of the oculomotor nerves, with
sparing of the pupil [161] or, most frequently, limitation of up-gaze [162]. Cranial nerve palsy is often
reported as incomplete and may be unilateral or bilateral. Crompton et al. [163] reported a patient with
bilateral internuclear ophthalmoplegia (with horizontal
diplopia, weakness of adduction and abducting nystagmus) as the initial presenting sign of GCA. Rarely
there may be ptosis [162, 164].
There are two theories on the cause of diplopia in
GCA: neurogenic and myogenic. According to the
neurogenic theory, diplopia is generally thought to be
due to ischemia of one or more of the three oculomotor
nerves, or possible to brain-stem ischemia [10]. That
seems unlikely because the various oculomotor nerves
are supplied by fine nutrient vessels which cannot be
involved by GCA, which is basically a disease of the
medium-sized and large arteries; if there was involvement of big arteries in those regions, then one would
see far more extensive brain stem damage or other
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lesions which are not seen in these cases. The myogenic view seems more plausible; according to it,
diplopia is due to ischemic myopathy of one or more
of the extraocular muscles, as a result of arteritic occlusion of one or more of the arteries supplying the
extraocular muscles [24, 68]. Several authors have
suggested that ophthalmoplegia in GCA is due to ischemia of the extraocular muscles [162, 165, 166].
Sibony and Lessell [167] found transient oculomotor
synkinesis or aberrant regeneration in a patient with
GCA and ophthalmoplegia, and they argued that this
indicates that ophthalmoplegia was neurogenic rather
than myogenic in origin.
In an elderly patient with diplopia and an ill-defined
pattern of ophthalmoplegia, one should always rule out
GCA [168]. Complete or partial recovery with steroid
therapy within 24 h [161], up to some months, is generally the rule [10, 82, 154, 161–163].
I have heard from physicians who missed GCA,
arguing that the patient did not have diplopia, which
seems to have been stressed in some textbooks as an
important sign of GCA. This is unfortunate and
inaccurate.

Orbital Complications
These have been described in patients with GCA. They
mostly represent what has been called orbital pseudotumor (or “orbital inflammatory syndrome”) [67, 135,
169–176], associated with orbital pain, conjunctival
injection, chemosis, proptosis, orbital muscle enlargement, diplopia, and in some cases optic nerve sheath
involvement. Presence of proptosis with pseudotumor
or alone has been reported by several authors [159,
175, 177–179]. In addition to these, orbital infarction
with ischemia of all orbital structures [157, 180],
orbital apex syndrome [181, 182] or periorbital ecchymosis [183] have all been reported. In our recent series
of 170 GCA patients [68] we did not see any patient
with orbital complications.

Miscellaneous Ophthalmic Manifestations
There are rare reports of formed visual hallucinations
in GCA patients [184]. Nesher et al. [100] studied
31 consecutive patients with GCA, and reported that 4
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of the 5 patients who suffered permanent visual loss
experienced intermittent visual hallucinations over
a period of 1–10 days before the visual loss – the
patients were aware of the unreal nature of the visions.
Hallucinations disappeared within 2 weeks, but in one
patient, recurred 6 months later in association with further visual deterioration. Hallucinations are thought to
be due to temporal lobe involvement [185].

Cerebral Ischemic Lesions Producing
Visual Loss
Involvement of intracranial arteries is well known in
GCA, since this disease has often been called “cranial
arteritis”. Therefore, cerebral ischemic lesions can
produce visual loss; however, such an occurrence is
extremely rare. I have had only one such case among
about 300 GCA patients seen in my clinic. Graham
[161] reported cortical blindness in only one of 90
patients with GCA. Wiszniewska et al. [186] in a series
of 4,086 patients found stroke in 6 patients (0.15%);
the CT and MRI scans showed lacunar infarction in 3
patients, territorial infarction in 2 and both were normal in 1; and stroke latency ranged from 0 to 2 months.
González-Gay et al. [187] in a series of 287 consecutive biopsy proven GCA patients found vertebrobasilar
stroke in 7 (2.4%). Stroke in GCA may be due to
involvement of the posterior cerebral or calcarine or
carotid artery by arteritis [10]. This may result in homonymous hemianopia. Bilateral cortical blindness
rarely may develop due to infarction of both occipital
lobes [39, 188–190]; in this case there is a sudden
onset of bilateral blindness, with normal pupils and
fundi. In these cases, because of sparing of the area of
fixation, the central vision is sometimes preserved,
with tubular fields of a few degrees only. There may be
associated cerebral symptoms to point towards the
cerebral etiology of the visual loss. Liozon et al. [191]
have discussed the risk factors for development of irreversible cerebral ischemia due to GCA. Cid et al. [99]
reported that the presence of a strong acute-phase
response defines a subgroup of patients at very low
risk of developing cranial ischemic complications, and
conversely, a low inflammatory response and the presence of transient cranial ischemic events provide
a high risk of developing irreversible ischemic complications and require a prompt therapeutic intervention.
There is, however, controversy on this topic.
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Conclusions
Since GCA is a potentially blinding disease, its early
diagnosis and treatment is the key to preventing
blindness - visual loss due to GCA is preventable. If
a patient is older than 50 years, presents with a history of amaurosis fugax, diplopia or sudden visual
loss in one or both eyes, and has AION, PION, CRAO,
cilioretinal artery occlusion or other acute ocular
ischemic lesions, then the physician must first rule
out GCA by doing ESR and CRP evaluation on an
emergency basis – THIS IS ESSENTIAL. If there is
a high index of suspicion for GCA from these and
systemic findings, the patient should be started immediately on high doses of systemic corticosteroid
therapy. Temporal artery biopsy should be done as
soon as is convenient to confirm the diagnosis, but the
start of the treatment must not wait for result of the
temporal artery biopsy, because by the time that result
is available, the patient may suffer further irreversible
visual loss.
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Management of Giant Cell Arteritis
to Prevent Visual Loss

As has been emphasized in earlier chapters, the most
dreaded complication of giant cell arteritis (GCA) is
permanent visual loss in one or both eyes – and fear of
visual loss is exceeded only by fear of death. If GCA is
diagnosed early and treated immediately, aggressively and adequately with systemic corticosteroids,
blindness is entirely preventable; that makes GCA the
prime ophthalmic emergency. A study [1] further
emphasized that fact, when it found that a high proportion of patients with permanent visual loss had had
a delayed diagnosis and treatment; in that study 35%
had experienced systemic symptoms for an average of
10.8 months before visual loss and 65% had had premonitory visual symptoms for an average of 8.5 days.
This obviously raises two critical issues about the
management of GCA: (1) how to establish an early and
a definite diagnosis of GCA? and (2) what is the proper
treatment to prevent blindness? There is a voluminous
literature on both these topics; however, there is still
a good deal of controversy on both issues [2]. This has
been partly responsible for missing the correct diagnosis of GCA, inadequate management and unnecessary
blindness. In Chap. 11, I discussed how to establish an
early and a definite diagnosis of GCA.

Reasons for Disagreement
on Management of GCA to Prevent
Visual Loss
This is an important issue. I have investigated various aspects of GCA, particularly the visual loss due
to GCA, in our clinical studies since 1970 [3–21].
I have found that the most important reason for the
controversy has been the differing perspectives on
GCA as a disease, between rheumatologists and
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ophthalmologists (discussed in Chap. 11). This
difference in outlook is evident from most recent
reviews on the subject by rheumatologists [22, 23].
Most GCA patients are initially seen by rheumatologists, except those for whom the first manifestation
is loss of vision. Most rheumatologists essentially deal
with patients with rheumatological manifestations, while
ophthalmologists see GCA patients with tragic visual
loss in one or both eyes or with occult GCA (losing
vision without having any rheumatological or other systemic symptoms [14]). So for ophthalmologists GCA is
a blinding disease, whereas for rheumatologists it is a
less serious disease with mainly rheumatological complaints. Moreover, rheumatologists usually recommend a management which may be appropriate for
polymyalgia rheumatica (PMR) (with no risk of blindness), but falls well short of the kind of therapy required
to prevent blindness in GCA patients.

Corticosteroid Therapy in GCA
to Prevent Visual Loss
It is well established now that the only proven and effective treatment for GCA is systemic corticosteroids. This
is because in GCA an immune insult in the vascular wall
initiates a reaction in the artery that leads to structural
changes, intimal hyperplasia, and luminal occlusion
[24]. The mechanisms triggering the immune stimulation are unknown; however, the process is strictly
dependent on T cells [24]. It is also universally agreed
that if there is a reasonable index of suspicion of GCA,
high doses of systemic corticosteroid therapy should
be started IMMEDIATELY, as an EMERGENCY
MEASURE. There is, however, tremendous controversy
about the correct corticosteroid therapy regimen for
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patients with GCA, primarily because, as discussed
above (and discussed at length in Chap. 11), rheumatologists and ophthalmologists have very different perspectives on GCA. In the rheumatologic literature dealing
with treatment, it is not uncommon to find patients with
PMR and GCA mixed together. This has resulted in the
treatment of a collection of heterogeneous cases by
rheumatologists and not purely of GCA. We know that
the risk of visual loss, of prime importance in GCA,
does not exist in PMR. If a patient diagnosed as having
“PMR” loses vision, the original diagnosis was not correct. It is also well-established that patients with PMR
usually require much lower doses of corticosteroid therapy to control their disease than do those with GCA.
Therefore, the criteria for successful management with
corticosteroid therapy among rheumatologists and ophthalmologists are entirely different for the two groups of
patients – for rheumatologists the aim is essentially a
control of rheumatologic symptoms (with a proportion
of their cases having PMR) but for ophthalmologists it is
primarily the prevention of visual loss due to GCA.

also on the initial (i) mode of corticosteroid therapy,
i.e., oral or intravenous, and (ii) the dosage.

Controversy on Mode of Administration
of Corticosteroid Therapy in GCA
to Prevent Visual Loss
While corticosteroid therapy is well-established as the
treatment of choice in GCA to prevent visual loss, disagreement is still widespread about the initial dosage,
mode (oral or intravenous), tapering regimen, duration
of therapy, method of monitoring corticosteroid therapy, relapse on reduction of therapy, and side-effects
and their management. In view of these controversies,
we conducted a 27-year planned, longitudinal clinical
study of corticosteroid therapy in temporal artery
biopsy confirmed GCA patients to find answers to
these controversies [21]. In the following discussion, I
summarize the literature on various aspects of corticosteroid therapy in GCA, as well as the findings of
our study [21] on the subject.

Initial Dosage of Corticosteroid Therapy
A review of the literature shows that the reported initial dose of corticosteroid to control GCA has varied
widely among different studies. There is disagreement
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Intravenous Corticosteroid Therapy
Intravenous methylprednisolone as the initial therapy
has been investigated by several workers. Cornblath
et al. [25] found that results of high-dose intravenous
methylprednisolone treatment of patients with visual
loss from GCA were similar to the results of treatment
with oral corticosteroids. Chan et al. [26] in a retrospective study of 73 biopsy positive GCA patients (43
with worse initial visual acuity treated with intravenous methylprednisolone 100 mg for 2–5 days; the
remaining 30 treated with oral prednisolone 50–100 mg
daily) found that the visual acuity improved in 40% of
those treated with intravenous therapy, compared to
13% with oral corticosteroid. They concluded that
intravenous corticosteroid therapy may offer a greater
prospect of improvement than oral corticosteroid therapy. Chevalet et al. [27] evaluated the effect of an
initial intravenous pulse 240 mg methylprednisolone
followed by oral prednisone (0.7 mg/kg/day) versus
oral Prednisone therapy (0.7 mg/kg/day); they found
that the intravenous therapy had no significant long
term benefit in simple GCA and should be limited to
complicated forms. Salvarani et al. [22] recommended
that initial high-dose intravenous methylprednisolone
(1,000 mg every day for 3 days) can be tried in patients
with recent visual loss, although they found no documentation suggesting that it helps more than oral prednisone. Mazlumzadeh et al. [28] conducted a
randomised controlled trial of 27 GCA patients where
all patients were on 40 mg/day prednisone; in addition,
intravenous methylprednisolone (15 mg/kg of body
weight/day) was given for 3 days to 14, and not to the
remaining 13 patients. They concluded that initial
treatment of GCA with intravenous methylprednisolone pulses, in addition to the regular oral dose of prednisone, allowed for more rapid tapering of oral
prednisone and had long-term benefits, with a higher
frequency of patients experiencing sustained remission
of their disease after discontinuation of treatment. This
demonstrates the level of disagreement about the role
of intravenous corticosteroid therapy and the dosage.
In our study [21] of 145 temporal artery biopsy
confirmed GCA patients, there were 96 with and 49
without visual loss. In this study, the factors that

Initial Dosage of Corticosteroid Therapy

influenced the initial dosage, frequency, duration and
mode (intravenous or oral) of corticosteroid therapy
regimen included the following: (a) at the initial visit, a
history of amaurosis fugax before visual loss occurred;
(b) complete or marked loss of vision in one eye; (c)
early signs of involvement of both eyes; (d) severity of
GCA disease process, as judged from levels of systemic symptoms, erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP); (e) progressive visual
loss with or without corticosteroid therapy; (f) response
of ESR, CRP and symptoms to the corticosteroid therapy; and (g) other confounding factors such as other
systemic diseases. In view of these factors and also
because of the marked inter-individual variation in
response to corticosteroid therapy, we found that neither the mg/kg strategy for Prednisone nor any one
standard regimen advocated by some workers was a
valid approach to the management of GCA. My overall
strategy for the corticosteroid therapy regimen was:
the greater the visual loss or potential for visual loss,
the more aggressive the corticosteroid therapy, to prevent any further visual loss. In the light of these factors,
initially intravenous therapy was given to 46% with
visual loss and 8% without visual loss. Of the patients
who had initial intravenous therapy, a median of 3
doses (equivalent to 1,000 mg of Prednisone in 75%,
800–850 mg in 13%, 500 mg in 6% and 300–330 mg in
6%) were given every 8 h over a median of 24 h. The
initial intravenous dose in patients without visual loss
was not significantly different from those with visual
loss. After the initial intravenous corticosteroid therapy
or for those without intravenous corticosteroid therapy,
all patients were started on high-dose oral Prednisone.
The initial starting oral Prednisone dose was 55–60 mg
in 22%, 80 mg in 55% and 100–160 mg in 23%; this
was not significantly different in patients without and
with visual loss. At the end of the study, data analysis
showed that there was no evidence that intravenous
megadose corticosteroid therapy was more effective
than oral therapy in improving vision [19] or preventing visual deterioration due to GCA [20].

My Recommendation for Intravenous
Corticosteroid Therapy
Available evidence, therefore, indicates that there is no
difference in visual outcome in GCA between the
intravenous and oral corticosteroid therapy. In view of
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that, my current recommendation for intravenous
corticosteroid therapy is to give initially one intravenous mega dose (equivalent to 1,000 mg of Prednisone)
followed by high-dose (80–120 mg) oral Prednisone to
patients who present with: (1) history of amaurosis
fugax, (2) complete or marked loss of vision in one eye
or (3) early signs of involvement of the second eye.
This is because these patients have a high risk of further visual loss, and one must try to achieve a high
blood concentration of corticosteroids immediately
which is not possible with oral therapy.

Oral Corticosteroid Therapy
This is the most common mode of corticosteroid therapy in GCA. Almost all of the information is based on
the recommendations of the rheumatologists. There is
marked controversy about the starting dose of
Prednisone. For example, various authors have recommended an initial dose of Prednisone as low as 20 mg/
day or as high as 60 mg/day, lower doses being advocated for patients without ocular or cerebrovascular
symptoms of GCA [29, 30]. Myles et al. [31] stated that
patients with a starting dose of 20 mg of prednisolone or
less daily fared at least as well as those starting on
higher doses. It has been suggested that mean initial
dose of Prednisone of 0.7 mg/kg/day [27, 32] and the
mean maintenance dose of 10 mg/day [32] are adequate.
Wilke and Hoffman [30] commented that generally
patients who require prolonged corticosteroid therapy
of more than 15–20 mg Prednisone daily may constitute
a minority of all GCA patients. Kyle [29] advised giving
40 mg/day prednisolone although, according to her,
some may need 60–80 mg; she recommended a slow
reduction in corticosteroid dose, and a maintenance
dose of 7.5 mg prednisolone after 6–9 months. Salvarani
et al. [22] recommended giving an initial dose of
40–60 mg/day of Prednisone, and if the patient does not
respond promptly, the dose should be increased.
This marked variation in the starting dose of
Prednisone recommended by rheumatologists may be
partly due, as has been said, to their dealing with a
mixed population of GCA and PMR. It is wellestablished that patients with PMR require a much
smaller dose than GCA patients because they have
only rheumatic symptoms with no risk of visual loss.
By comparison, in GCA patients the primary objective
of corticosteroid therapy is prevention of visual loss.
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In our study [21] of oral corticosteroid therapy, the
median starting dose of Prednisone was 80 mg/day.
The starting dose was 80 mg/day in 44% of the patients,
³100 mg/day in 40%, and 55–60 mg/day (only 1
patient had an initial dose of 55 mg) in 16%. The
starting dose of Prednisone was significantly
(p < 0.0001) greater for those with visual loss (55–
60 mg/day in 8.3%, 80 mg/day in 36.5%, and ³ 100 mg/
day in 55%) than those without visual loss (60 mg/day
in 31%, 80 mg/day in 59%, and ³ 100 mg/day in 10%).
The various factors that influenced the dosage are discussed above. Doses of less than 80 mg Prednisone
were all started by the referring ophthalmologists and
the patients were usually left on those.

patients within 1 year. This prevented serious adverse
side effects related to GCA, indicating that less toxic
therapeutic measures are needed. In this study, relapses
or recurrences occurred in 47.5%, which means that
almost half of the patients received inadequate corticosteroid therapy and were at risk of losing vision with this
treatment regimen, i.e., this was not adequate therapy to
prevent blindness in GCA. Most recently a
rheumatologist group [23] advocated the following
regimen of tapering of corticosteroid therapy. “The initial dose of glucocorticosteroids is usually given for
2–4 weeks until all reversible signs and symptoms have
resolved and acute phase reactants are back to normal.
Then, the dose can be gradually reduced each week or
every 2 weeks by a maximum of 10% of the total daily
dose. The necessary duration of glucocorticosteroids
therapy is variable, but in most cases it can be discontinued within 1–2 years.”. Rheumatologists in general
recommend systemic symptoms as their guide in tapering down of corticosteroid therapy and its duration.
In sharp contrast to this view by the rheumatologists,
our 27-year long systematic, longitudinal study [21] of
145 temporal artery biopsy confirmed GCA patients to
prevent visual loss has provided totally different information. This study showed that there is a marked interindividual variation in the required tapering regimen,
maintenance dose required and the time it takes to reach
that goal among various GCA patients. Therefore, no
generalization at all is possible regarding tapering
down the Prednisone; it has to be individualized; likewise, there is no set formula or any other way to predict the maintenance dose required by a particular
patient. The cook-book formulae about tapering prednisone therapy in GCA offered by rheumatologists are
inadequate to prevent visual loss.
Table 13.1 shows the prednisone tapering doses and
the time it took to reach various levels, and Table 13.2
shows the lowest maintenance dose of Prednisone
achieved and the time it took to reach that level, as
seen in our study [21]. The median time to reach the
lowest maintenance dose of Prednisone at which the
ESR and CRP stayed stable or went lower was
48.7 months (95% CI: 34.6, 71.4 months). Comparing
patients with and without ocular involvement showed
no significant difference for (1) tapering and the time it
took to reach various levels (p-value between 0.33 and
0.69) and (2) to achieve the lowest maintenance dose
of prednisone achieved and the time it took to reach
that level (log-rank test p = 0.359).

Tapering Down of Corticosteroid
Therapy to Prevent Visual Loss
This is an even more controversial issue, and almost all
of the information is based on studies of rheumatologists who deal with both PMR and GCA; as mentioned
above, they not infrequently mix the two diseases in
their management with corticosteroid therapy. We
know that PMR is not associated with visual loss
whereas irreversible visual loss is the dreaded complication of GCA. Therefore, from the ophthalmic point
of view, it is extremely important to prevent visual loss
from GCA during the tapering phase and duration of
corticosteroid therapy.
Myles et al. [31] recommended tapering Prednisone
by 5 mg monthly to 10 mg and then by 1 mg monthly.
Proven et al. [33] retrospectively evaluated the course
of glucocorticoid therapy in residents of Olmsted
County, Minnesota, USA, by obtaining follow-up information of 120 GCA patients treated by different physicians. In this study, all responded rapidly to corticosteroid
therapy (median initial dosage 60 mg prednisone/day).
The dosage was later reduced according to the treating
physicians’ judgment. The median duration required to
reach 7.5 mg/day was 6.5 months and the median
duration required to reach 5 mg/day was 7.5 months.
Relapses or recurrences occurred in 57 (47.5%) patients.
For the 87 patients followed to discontinuation of
therapy and permanent remission of GCA (median of
22 months), the total median dose of prednisone was
6.47 g. They concluded that the prednisone dosage was
reduced to physiologic levels in three-fourths of the
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Tapering Down of Corticosteroid Therapy to Prevent Visual Loss

231

Table 13.1 Kaplan-Meier curve estimates of the median, 25th and 75th percentile of the length of time (months) to reach
a Prednisone dose of 40, 30, 20, 10, and £5 mg/day in 145 temporal artery biopsy confirmed GCA patients [21]
Prednisone dose
Median time (months)
25th percentile
75th percentile
(mg/day)
to reach dose (95% CI)
(95% CI) (months)
(95% CI) (months)
40

2.17 (1.81, 3.12)

1.12 (0.95, 1.48)

5.42 (3.91, 6.38)

30

5.19 (3.72, 6.38)

2.43 (2.07, 2.70)

10.32 (7.99, 13.68)

20

9.27 (7.36, 11.84)

4.41 (3.88, 5.95)

21.70 (13.18, 29.95)

10

26.66 (18.35, 38.01)

11.28 (9.67, 13.91)

50.33 (39.45, 73.12)

£5

58.59 (49.25, 78.87)

30.87 (23.41, 43.99)

95.84 (72.69, a)

Estimate could not be calculated from the data

a

Table 13.2 The Kaplan-Meier product-limit estimates of the cumulative proportion of GCA patients that attained the lowest oral
Prednisone dose at selected time points in 145 temporal artery biopsy confirmed GCA patients [21]
Total number that had
Percentage that had attained
Number of patients still
Duration of
attained lowest dose
lowest dose (95% CI)
being followed that had
corticosteroid use
not reached lowest dose
(months)
6

119

7

5.11% (1.41%, 8.81%)

9

107

11

8.37% (3.61%, 13.13%)

12

98

15

11.88% (6.20%, 17.56%)

18

82

21

17.64% (10.70%, 24.58%)

24

65

30

27.35% (18.80%, 35.90%)

36

44

41

41.07% (30.98%, 51.16%)

48

34

47

49.91% (39.13%, 60.69%)

60

26

51

55.85% (44.89%, 66.81%)

72

19

55

63.03% (51.80%, 74.26%)

84

12

59

72.07% (60.60%, 83.54%)

I have seen some patients whose corticosteroid
therapy could be tapered fairly rapidly and to a very
low maintenance dosage (as low as 1 mg Prednisone
daily) but others who took several years before the
optimum lowest maintenance dosage was achieved
(based on stable ESR and CRP levels), which is usually much less than 10 mg of Prednisone; but any
attempt to go below that dosage caused the ESR and
CRP to rise immediately. I have not found any sideeffects among those patients on the low maintenance
dose (£5 mg Prednisone) for years or even decades.
We have found that, unfortunately, most physicians
are not aware of the complexity of corticosteroid therapy management in GCA. Of the 145 patients in the
study and followed in my clinic, only 10 (7 without
visual loss, 3 with visual loss) were able to stop corticosteroid use completely and maintained this status

for at least 3 months. Table 13.3 gives details of these
ten patients.
The Kaplan-Meier curve showing the distribution
of continued use of corticosteroid therapy for patients
with and without visual loss in our study is shown in
Fig. 13.1. Comparison of these two distributions
showed that those with visual loss were more likely
to stay on corticosteroid therapy longer than those
without (log-rank test p = 0.05). At 2 years after start
of corticosteroid therapy, 98.36% (95% CI: 95.17%,
100%) of those with visual loss were still on corticosteroid therapy compared to 92.64% (95% CI:
84.56%, 100%) of those without visual loss. After
5 years, 92.47% (95% CI: 83.94%, 100%) of those
with visual loss and 86.11% (95% CI: 74.59%,
97.63%) of those without visual loss were still on
corticosteroid therapy.
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Table 13.3 Duration of corticosteroid therapy before stopping
that and the length of time been off corticosteroid therapy [21]
Length of time
Ocular
Duration
have been off
involvement
of corticosteroid
corticosteroid
use before
(months)
stopping
(months)

loss. The primary criterion invariably advocated by
rheumatologists is the use of systemic symptoms, and
only secondarily the levels of ESR and CRP. As discussed above, there are markedly conflicting recommendations about the tapering of corticosteroid
therapy, based almost invariably by rheumatologists
on a set cook-book formula for all individuals with
GCA. However, our study [21] showed that this onesize-fits-all regimen is totally inadequate to prevent
visual loss from GCA, because of the marked interindividual variation in the tapering regimen, the
maintenance dose required and the time the patient
takes to reach the goal of the lowest possible maintenance dose.
My experience of dealing with GCA patients over
the past 40 years has shown that the guiding principal
in monitoring and tapering down the corticosteroid
therapy and finding the maintenance dose is to achieve
the lowest levels of ESR and CRP (acute phase reactants) with the lowest possible dose of Prednisone. It is
frequently stated by rheumatologists that systemic
symptoms, rather than ESR and CRP, should be the
guide for tapering down or stopping corticosteroid
therapy; this can be a dangerous approach, because
these patients may lose vision without any warning
systemic or ocular symptoms, and moreover, 21.2% of
the patients with visual loss have the occult GCA [14].

No

8.5

95.6

No

9.7

12

No

21.7

21.6

No

29.5

17.5

No

34.6

16.0

No

68.6

22.5

No

142.0

48.4

Yes

13.4

129.1

Yes

31.8

61.2

Yes

37.8

43.9

Criteria Used for Monitoring
Corticosteroid Therapy
This is a key topic because it determines the tapering
regimen of corticosteroid therapy initially and during
follow-up, and the duration of therapy to prevent visual
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Fig. 13.1 The Kaplan-Meier
curve showing the distribution of continued use of
corticosteroid therapy for
GCA patients with and
without visual loss over
a period of 20 years
(Reproduced from Hayreh
and Zimmerman [21])

Distribution of Patients Still on Steroid Therapy

1.00

0.80

Log-rank test p=0.051
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Criteria Used for Monitoring Corticosteroid Therapy
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I have found a titration of the corticosteroid dosage
with the levels of ESR and CRP is the only safe and
reliable method for tapering down and follow-up of
corticosteroid therapy in order to prevent any further
visual loss. I have found no other parameter as sensitive
and reliable a guide as ESR and CRP to monitor treatment in these patients [17, 21].
1.	Initially, Soon after the Start of Corticosteroid
Therapy
Based on our study [21] I have found the only reliable method is by doing ESR and CRP. After the start
of high-dose corticosteroid therapy, both ESR and
CRP are repeated while the patient is on the high
dose, every 2–3 days. As shown in Figs. 13.2 and
13.6 both ESR and CRP progressively come down
till they reach a stable level. ESR takes longer than
the CRP to reach a stable level. The lowest levels of
ESR and CRP achieved by this method actually represent the baseline ESR and CRP for that individual.
After that, that level acts as the benchmark to maintain while subsequently tapering the therapy. I have
found that to be the only satisfactory means to

a

monitor corticosteroid therapy to prevent visual loss.
In my studies I have found that normal levels of ESR
and CRP, particularly of the ESR, vary widely (see
Chap. 11). Diabetics usually tend to have higher levels of both ESR and CRP than non-diabetics. The
tapering down of corticosteroid therapy should not
be started until both the ESR and CRP have reached
their lowest and stable levels.
In our study [21], the median ESR at first visit was
87 (interquartile range of 56–113) mm/h with minimum
of 4 mm/h and maximum of 150 mm/h. Those with no
visual loss had a significantly greater initial ESR
(median of 102 mm/h; interquartile range of
70–124 mm/h) than those with visual loss (median of
80 mm/h; interquartile range of 52–108 mm/h)
(p = 0.004). The median lowest ESR achieved after corticosteroid therapy was 9 (interquartile range of 5–15)
mm/h, with a minimum of 1 mm/h and a maximum
41 mm/h. Figure 13.3 gives the initial and lowest ESR
in patients with and without visual loss. The median
time to reach the lowest level of ESR with high dose
corticosteroid therapy was 24 days (interquartile range
of 15 days to 38 days). The median CRP at first visit
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Fig. 13.2 Graphs of C-reactive protein levels (left) and erythrocyte sedimentation rates (ESR – right) of six patients with GCA,
showing their initial responses to high dose corticosteroid therapy (Reproduced from Hayreh and Zimmerman [21])
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Fig. 13.3 Scattergram showing initial (before the start of corticosteroid therapy) and lowest (after high dose corticosteroid
therapy) erythrocyte sedimentation rates (ESR) of 145 GCA
patients without (49) and with (96) visual loss (Reproduced
from Hayreh and Zimmerman [21])

was 8.1 (interquartile range of 4–13.2) mg/dl, with minimum of 0.5 and maximum of 60.5 mg/dl. There was no
significant difference in initial CRP between those
without visual loss (median of 9.1; interquartile range
of 4–17.1) and those with visual loss (median of 6.8;
interquartile range of 3.1–11.7) (p = 0.207). The median
lowest CRP achieved after corticosteroid therapy was
0.2 (interquartile range of 0.1–0.4) mg/dl, with a minimum of 0.1 mg/dl and a maximum 6.6 mg/dl. The
median time to reach the lowest CRP with high-dose
corticosteroid therapy was 11 days (interquartile range
of 7 days to 21 days).
2. For Tapering Down Corticosteroid Therapy and
to Determine the Maintenance Dose of Therapy
After ESR and CRP have reached their lowest, stable
levels, Prednisone dosage is slowly decreased, guided
entirely by the levels of ESR and CRP. As a rule,
during follow-up, I repeat ESR and CRP for every
patient at every visit, and before deciding about
lowering the dose of Prednisone. The basic principle
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is to maintain, as far as possible, the previously
achieved low levels of ESR and CRP with the lowest
possible dose of Prednisone. Because of the tremendous variation in response of different patients, no
generalization is possible. I have found that one can
taper down Prednisone fairly fast in some, while it
takes a much longer time for others. For example, I
have found that some patients take many months or
even over a year to go down from a high dose of
80 mg Prednisone to about 40 mg Prednisone. If at
any stage of lowering Prednisone dose, the ESR and
CRP levels started to rise sharply (without any other
evident cause), the Prednisone dose is immediately
increased to the previous level and that lowers the
ESR and CRP to stable levels; thus, the Prednisone
dosage must be individually tailored, to maintain
stable ESR and CRP levels for that individual. The
patients should be advised to consult their physicians
for a regular physical check-up for any side-effects
of corticosteroid therapy. Initially, patients are followed at least every 2–4 weeks till the Prednisone
dose goes down to 40 mg daily, and thereafter at
slightly longer intervals, but never longer than every
4–6 weeks, till they reach a low, stable maintenance
dose, after which they are followed at least once
every 3 months. Finally, when they have been stable
for a long time on a small maintenance dose of
Prednisone, they can be followed every 6 months. To
prevent visual loss, as stated above, the follow-up
protocol has to be individualized, depending upon
the patient’s response to tapering of the corticosteroid therapy. In my study, where the patients have
been followed for many years or even decades, not a
single patient suffered any further visual loss after
the first 5 days from the start of high dose corticosteroid therapy.
3. Does a Reduction of 1 Mg of Prednisone Make a
Difference?
The answer is definitely “yes”, from my studies dealing with GCA and other rheumatologic and other conditions requiring systemic Prednisone. I have seen that
frequently. I have known several GCA patients who
were on a 1 mg of Prednisone maintenance dose for
2–3 years with stable ESR and CRP, but when I stopped
their Prednisone, there was an immediate rise of both
ESR and CRP to high levels, so that they had to resume
Prednisone therapy immediately to prevent visual loss.
I tried that experiment with them several times, with
exactly the same response. Thus, for them 1 mg

Duration of Corticosteroid Therapy

Prednisone was enough to control the disease. I have
also seen that happen to a patient with orbital myositis
and scleritis; lowering their Prednisone dose by 1 mg
resulted in a flare up of the disease. Like most physicians, I did not believe initially that that could happen,
but repeated experience has made me a firm believer
that in some cases 1 mg of Prednisone does make all
the difference. Therefore, while tapering down the
Prednisone dose in GCA, I have found that if going
down in steps of a higher dose results in a rise of ESR
and CRP, tapering down by a smaller dose can prevent
that from happening. Tapering down of Prednisone in
GCA is certainly laborious and time consuming in
some cases, but one has to individualize the tapering
regimen in each case.

Alternate Day Corticosteroid Therapy
Treatment with alternate-day corticosteroid therapy
has been proposed, to reduce the risk of adverse reactions related to this therapy. Hunder et al. [34], based
on a prospective study of 60 GCA patients, concluded that alternate-day therapy is associated with a
higher rate of treatment failure than is daily administration (70% vs 20%) and that it does not satisfactorily control symptoms in most patients and cannot be
recommended for those with severe disease.
Bengtsson and Malmvall [35] initially treated GCA
patients daily with corticosteroid, followed by a
gradual transition to alternate-day treatment, and
concluded that it was possible to maintain 67% of 27
patients on an alternate-day treatment regimen, but
the regimen was abandoned in 33% because of clinical symptoms on the “day off”. My experience of
dealing with about 300 GCA patients supports the
view that alternate day corticosteroid therapy is not
indicated at any stage.

Duration of Corticosteroid Therapy
Because of the frequent systemic side-effects of
chronic corticosteroid therapy, the total duration of
corticosteroid therapy in GCA has become highly controversial. The view among rheumatologists is that
stopping corticosteroid therapy after 2 years is
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reasonable [22, 23, 29, 31, 36–38] because they believe
that GCA is a self-limited disease, lasting less than a
year [37]. But repeat temporal artery biopsy has shown
evidence of active disease even after 9 years of corticosteroid therapy [32, 39–42]. Some have stated that
some patients have a “chronic relapsing course” and
might need low doses of glucocorticosteroids for several years [33, 43, 44]. Multiple reports in the literature
have concurred that GCA patients require corticosteroid therapy for much longer than 2 years. For example,
Fernandez-Herlihy [45] reported a mean duration of
corticosteroid therapy of 6 years. Andersson et al. [43],
on a follow-up of 90 GCA patients for 9–16 years
(median 11.3 years), found the mean duration of corticosteroid therapy 5.8 years (range 0–12.8 years), with
43% of them on therapy for 5 years, and 25% still
being treated with 1.25–10 mg of prednisolone daily
(median dose 5 mg) after 9 years. Gouet et al. [32], in
87 temporal artery biopsy positive GCA patients,
reported that although corticosteroid could be discontinued in 21 cases after 36 months on average, the
other patients could not be weaned off, even though
four of them had been on corticosteroid for more than
10 years. There are other reports of corticosteroid therapy being required in some patients for an indefinite
period [42, 43, 46, 47]. Graham [48], on a follow up of
GCA patients from 6 months to 12 years reported that
there appear to be two groups of patients who suffer
with the disease: those who respond well to treatment
and those who follow a chronic course despite treatment. Arashvand et al. [49] recently reported, in a retrospective study of 30 temporal artery biopsy proven
GCA patients, the duration of treatment in patients
with and without eye involvement. They found that the
mean duration in patients with eye involvement was
significantly (p = 0.0018) longer than in those without
eye involvement.
The findings of our study [21] showed that GCA
patients require corticosteroid therapy for much
longer than the 1–2 years suggested by some rheumatologists [23]. This is evident from the data in
Tables 13.1–13.3 above. The median time to reach the
lowest maintenance dose of Prednisone at which the
ESR and CRP stayed stable or went lower was
48.7 months (95% CI: 34.6, 71.4 months). For the
patients who attained the lowest corticosteroid dose,
the median lowest dose was 7 mg/day (interquartile
range of 1–16 mg/day). Only 10 of the 145 patients
followed in our study were able to stop corticosteroid
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therapy without a rise of ESR and CRP; Table 13.3
gives the duration of their corticosteroid therapy
before stopping. Thus, our data show that most GCA
patients require corticosteroid therapy virtually indefinitely. As discussed above, in our study [21] patients
with visual loss were more likely to stay on corticosteroid therapy longer than those without (p = 0.05)
(Fig. 13.1).
The invariable reason for giving GCA patients only
small doses of corticosteroids, for only a short time, is
the risk of systemic side-effects of prolonged corticosteroid therapy. But it is important to bear in mind
a very important basic fact from the patient’s point of
view: fear of going blind is next to the fear of death. If
the balance of risks and benefits of corticosteroid therapy is clearly explained to GCA patients, I have found
them willing to risk the side-effects rather than risk
going blind, especially if they have already suffered
some visual loss.
In GCA, as in most other rheumatological diseases, the corticosteroid therapy is purely suppressive
and not curative; the vast majority of patients require
a highly variable, carefully adjusted maintenance
dose for many years and perhaps the rest of their life
to prevent visual loss.

during corticosteroid tapering, with a mean 1.57
relapses per patient. In 56 patients free of treatment
(mean treatment duration: 40 months), a relapse of the
disease was observed in 48% of patients 1–25 months
after the end of the treatment. Proven et al. [33] reported
relapses in 47.5%. Hernandez-Rodriguez et al. [53]
reported that GCA patients with a strong initial systemic inflammatory reaction have higher and more
prolonged corticosteroid requirements (i.e., time taken
to achieve a maintenance dose of < 10 mg/day
Prednisone), and experience more disease flares during
corticosteroid therapy than patients with a weak systemic acute phase response. Wilke and Hoffman [30]
advocated that there should be a follow-up of at least
1 year after discontinuation of treatment to capture
relapses.

Relapses of GCA on Reduction
of Corticosteroid
Relapses or flare-up of symptoms on reduction or stoppage of corticosteroid therapy in GCA patients has
been commonly reported [32, 33, 43, 46–52].
Andersson et al. [43] recorded a relapse rate of about
50%, regardless of the time after diagnosis, when an
attempt was made to withdraw the treatment. Forty-six
per cent of the relapses occurred within 1 month and
96% within 1 year of the end of treatment. Most of the
flare-ups occurred during the first year of therapy and
in 55% of the patients on a prednisolone dosage of
5 mg or less. Weyand et al. [51], in a prospective treatment study with 60 mg/day Prednisone, found 60% of
the patients developed symptoms of recurrent disease,
while the Prednisone dosage was being reduced. They
concluded that smoldering disease activity may expose
GCA patients to the risk of progressive vascular disease. Hachulla et al. [52], in a study of 176 GCA
patients, reported a relapse in 62.4% of the patients
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Guiding Rules for Reduction
of Corticosteroid Therapy in Our
Study [21] to Prevent Relapses
The dose of corticosteroid therapy for GCA was
guided solely by the levels of ESR and CRP, NOT by
systemic symptoms. As discussed above, tapering
down of Prednisone from the initial high dose was not
started till the levels of both ESR and CRP had stabilized at a low level (Fig. 13.2). After that, tapering
down of the dosage of Prednisone was done very gradually, once again guided only by the ESR and CRP
levels. Any rise of ESR and CRP was a sign that the
dose of Prednisone was not adequate or the tapering
was done too soon – unless this rise was due to some
unrelated cause or intercurrent disease. ESR and CRP
rise quickly any time the corticosteroid dosage goes
below the optimal level in GCA patients, and that level
varies widely not only among various patients but also
in the same patient at different dosages (Table 13.1).
In the event of a rise of the levels of ESR and CRP, it
is essential to go up to the next higher level of
Prednisone dose or even higher. I found ESR and CRP
the most sensitive and reliable tests in monitoring the
activity of GCA [17, 21] and for tapering corticosteroid therapy. A close follow-up of these patients is
essential to monitor the dosage and side-effects of corticosteroid therapy. I have discussed my follow-up regimen above. On the regimen of treatment described
above, none of about 300 GCA patients, whom I have
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treated over the past 40 years had a relapse or lost any
vision – except for the following one unique patient
who did suffer a relapse.
I first saw this 78-year old woman in February 1998
with anorexia, weight loss and pains in shoulder and
hip, without any visual loss. Her temporal artery biopsy
was positive for GCA. She was treated with 80 mg
Prednisone daily to begin with and that was gradually
tapered down, guided by ESR and CRP levels, and she
went down to a 4 mg Prednisone daily maintenance
dose in September 2001 with stable ESR (4 mm/h) and
CRP (<0.5 mg). When seen in July 2003 for follow-up,
she complained of weight loss, anorexia and jaw and
ear pain for 3 months. At that time her ESR was
>100 mm/h and CRP 13.4 mg. She was started on
80 mg Prednisone once again. At next visit 3 weeks
later the ESR was 1 mm/h and CRP <0.5 mg. Prednisone
was gradually tapered down, guided by ESR and CRP
levels, and when last seen in March 2007 she was on
6 mg Prednisone with normal ESR and CRP. The reason why she had a flare up, after having been stable for
years on a small maintenance dose of Prednisone and
stable ESR and CRP levels, remained a mystery.
Thus, in my study, only one out of about 300
patients had a relapse for no apparent reason when she
was doing very well and was stable on a low maintenance dose of Prednisone for 22 months. This is in
sharp contrast to the high rate of relapses (from about
50% to two thirds of patients) reported in the rheumatologic literature [33, 43, 51, 52]. The implication is
that those patients relapsed because they either received
an inadequate dose of corticosteroid therapy, or the
therapy was stopped prematurely. During a relapse
a GCA patient is at potential risk of losing vision. That
is not acceptable from the ophthalmic and ethical point
of view, when the primary objective of corticosteroid
therapy in GCA is to prevent visual loss.

Role of Systemic Symptoms in Regulation
of Corticosteroid Therapy
Common advice in the rheumatologic literature is that
“alterations in treatment should be based on the clinical
picture, rather than on laboratory tests” [29] This can
be dangerous – patients may lose vision irrevocably
without any warning systemic symptoms of GCA;
moreover, 21% of the patients with visual loss never
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develop systemic symptoms of GCA at any stage, i.e.,
they have occult GCA [14]. I have seen GCA patients
who suffered relapses and lost vision, often in both
eyes, while their corticosteroid therapy was managed
by other physicians; it was invariably caused by a rapid
tapering down or even stopping of corticosteroid therapy, usually guided by physical symptoms rather than
by ESR and/or CRP. In my study, when a rise in ESR
and CRP occurred soon after the corticosteroid dosage
was lowered, there was NEVER a simultaneous corresponding change in the systemic symptoms of GCA.
So any reliance on systemic symptoms of GCA as a
guide to corticosteroid therapy exposes the patient to the
risk of blindness. Our study [21] showed that, as discussed above, ESR and CRP are the only tests to prevent relapse and loss of vision. No other cookie-cutter
formula is effective to prevent visual loss.
It is essential to follow these patients very closely
even after corticosteroid therapy is stopped, guided by
ESR and CRP levels. As previously discussed, I have
had a few patients who were on 1 mg of Prednisone for
2–3 years with stable ESR and CRP, and then stopped
taking 1 mg of Prednisone; they immediately experienced a rise of both ESR and CRP to high levels, so
that they had to go back immediately on Prednisone
therapy. I tried that several times in those patients, with
exactly similar responses. Thus, in their case 1 mg
Prednisone was just enough to control the disease –
something most physicians would find hard to
believe.

Is GCA a Self-Limited Disease?
The self-limited nature of GCA is often stressed in
text-books and by many physicians (particularly rheumatologists) who feel strongly that there is no need to
keep these patients on prolonged corticosteroid therapy, because of its side-effects. For example, Huston
et al. [37] stated that GCA lasts for less than a year.
Because of that belief, other rheumatologists believe
that stopping corticosteroid therapy after 2 years is
reasonable [22, 23, 29, 31, 36–38]. But, as discussed
above, repeat temporal artery biopsy has shown
evidence of active disease even after 9 years of corticosteroid therapy [32, 39–42], and there are multiple
reports which confirm that GCA patients require corticosteroid therapy for much longer than 2 years.
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Our study [21] has shown that most GCA patients
require lifelong corticosteroid therapy to prevent visual
loss. I have had patients who went blind after their
local physician had stopped corticosteroid therapy
after a year or two under the impression that GCA is
a self-limited disease, and also under the belief that
prolonged corticosteroid therapy is deleterious. In this
connection, it is pertinent to remind the reader that the
patients’ fear of visual loss is almost as great as the
fear of death, and they will always accept a mode of
therapy that prevents them from going blind, even at
the risk of a certain amount of side-effects. In GCA, as
in most other rheumatological diseases, the corticosteroid therapy is purely suppressive and NOT curative;
the vast majority of patients require a highly variable,
carefully adjusted maintenance dose, probably for the
rest of their life.

resistant GCA” is timidity; an initial dose of Prednisone
as low as 20 mg/day is totally inadequate to control
active GCA and prevent visual loss, although it may be
sufficient for PMR. I feel that the basis for this confusion may be, as discussed above, the mixing of PMR
and GCA patients in rheumatologic studies, with more
cases of PMR than of GCA.

Corticosteroid Resistant GCA
Rheumatologists often mention “corticosteroid resistant” GCA patients. For example, Wilke and Hoffman
[30] defined corticosteroid resistant GCA patients as
those who “after a few months of treatment, may
require daily Prednisone doses of 15 mg or more or the
very uncommon patient who does not respond to initial
therapy using 20–60 mg Prednisone per day”. Ghanchi
and Dutton [54] stated that failure to control arteritis
even with high doses of corticosteroid is not uncommon and relapses while on corticosteroid treatment
could indicate corticosteroid resistance. Chevalet et al.
[27] stated that corticosteroid resistance is a real risk
factor for GCA complications.
My experience of treating about 300 GCA patients
during the past 40 years does not support the concept
of “corticosteroid resistant GCA” at all. I have had
many patients referred to me by outside physicians
with that diagnosis but when I treated them with adequate doses of corticosteroid, every single one of them
immediately responded to corticosteroid therapy. The
problem is that, as stated above, the corticosteroid
dose, length of corticosteroid therapy and the maintenance dose required all vary tremendously among
GCA patients, as shown by the data in Tables 13.1–
13.3, and that no one set corticosteroid therapy regimen is successful for all GCA patients. The basic
reason for this misleading concept of “corticosteroid
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Visual Improvement with
Corticosteroid Therapy in GCA
A review of the literature reveals highly conflicting
information about visual improvement with corticosteroid therapy in eyes with visual loss due to GCA,
varying from claims of complete recovery or “dramatic
improvement” of visual acuity, recovery in almost half
of cases, or only a mild recovery of visual function.
The only way to pinpoint the reasons for these highly
variable claims of visual improvement is by critically
reviewing the details of the major reports of visual
improvement and the methods used to evaluate it.
It appears that Whitfield et al. [55], in 1953, were
the first to ask the question: “Has cortisone or ACTH
any power to restore sight when visual loss has
occurred?” They reported that out of 10 patients with
GCA related visual loss, 5 with partial visual loss for
£10 days showed some visual acuity and field improvement after treatment; but they warned that the degree
of change was relatively small and in no case was
normal sight restored. They gave no ophthalmoscopic
details, and in one case alleged only that visual acuity
and fields “showed considerable improvement”.
Bennett [56] reported visual acuity improvement in 2
of 9 eyes (in 6 GCA patients) from NLP to HM and
20/200.
The paper by Parsons-Smith [57] is invariably cited
as evidence for improvement in visual acuity with corticosteroid therapy; hence it deserves careful evaluation.
He concluded that: “ACTH given on the same day as
blindness has restored sight in every eye so treated
(my italics). ACTH may prove effective after a longer
period of blindness in cases of retrobulbar neuritis” (my
interpretation, “arteritic-anterior ischemic optic neuropathy” (AION) ). Unfortunately, this retrospective study
is hampered by drawbacks that confound the interpretation of the results and conclusions; for instance: (a) None
of the patients had temporal artery biopsy to confirm the
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diagnosis of GCA. (b) Improved visual acuity was
claimed in 13 of 25 patients with visual loss, whose
diagnoses were: “central retinal artery occlusion” (6),
“branch retinal artery occlusion” (1), “retinal hemorrhages and exudates” (4), “papilloedema” (7), “retrobulbar neuritis” (3), “optic atrophy” (2), “central retinal
vein branch thrombosis” (2). But a careful evaluation of
the fundus description in each eye reveals that most of
the eyes possibly had arteritic AION, then an unknown
clinical entity. The possibility of nonarteritic AION
cases (with better visual outlook – spontaneous visual acuity improvement in non-arteritic AION in about 40% – see
Chap. 17) having been included in this study cannot be
ruled out. We know that GCA is not a disease of veins,
so that central/branch retinal vein thrombosis could not
have been due to GCA. (c) No visual fields were plotted.
(d) The reliability of the recorded visual acuity in some
patients is subject to question. In the light of all these
limitations, the conclusions of this often cited study have
to be accepted with great reservations. Unfortunately,
the problems discussed here occur in many of the studies reporting visual improvement, obviously resulting in
controversy on the subject.
Cohen [40] reported 14 temporal artery biopsy confirmed GCA patients with arteritic AION and stated
that visual acuity improved by more than 2 lines in 7
eyes, concluding: “corticosteroids in high doses ….
seem to be able to improve the prognosis for retention
of useful vision and recouping some of the lost vision.”;
but on a review of his data, we found actual improvement in only 4 eyes. No other details were given,
except for one eye with an inferior visual field defect
in which visual acuity improved from 20/400 to 20/40
in about 2 weeks, where the possibility of patientlearned eccentric fixation causing improved vision
cannot be ruled out. Kearns (1973), discussing this
paper, questioned the claims of visual improvement in
this study and stated that “one should not expect real
improvement in vision” in these cases.
Russell [58] reported treating 11 GCA patients (15
eyes) with visual loss with corticosteroid and anticoagulants and stated that visual acuity improved “in one
patient (one eye)”. Graham et al. [42] retrospectively
reviewed 43 GCA patients with visual loss due to unilateral AION (33), bilateral AION (5), central retinal
artery occlusion (4) and branch retinal artery occlusion
(1), treated with 250 mg intravenous hydrocortisone
followed by 80 mg oral prednisone. They reported
some visual recovery in 3 AION eyes with a visual
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acuity of 20/200 and an altitudinal field defect; in all 3
cases treatment was started within 24 h of the visual
loss and improvement occurred within 48 h. In one of
the eyes, they reported visual acuity improvement
within 1 h of treatment from 20/200 to 20/30 which
seems unrealistic; in this eye and in others with altitudinal field defect, the possibility of simple eccentric
fixation causing apparently improved vision later on
cannot be ruled out.
Aiello et al. [59], in a retrospective study of 34
patients with visual loss due to GCA (25 of them with
a positive temporal artery biopsy), reported visual acuity improvement of more than 2 lines in 5 eyes. From
their Table 13.3, it seems that none of these five patients
had temporal artery biopsy done. Only one eye had
visual fields recorded. Again, the possibility of eccentric fixation and a less firm diagnosis as the reason for
the improvement cannot be ruled out. Moreover, spontaneous visual acuity improvement in non-arteritic
AION has been reported in about 40% (see Chap. 17).
Liu et al. [60], in a retrospective study of 41 GCA
patients (63 eyes) with visual loss, reported visual
improvement in at least one of the two eyes of 14
patients (13 had AION and 1 posterior ischemic optic
neuropathy (PION)), in 8 from worse than 20/200 to
between 20/25 and 20/80. The time interval between
the initial and the final improved visual acuity in AION
patients varied from 2 months to 3 years
(13.3 ± 9.9 months; median 10 months) and 1 day in
the PION patient.
Gonzales-Gay et al. [61] in a retrospective study
reported partial improvement of visual acuity in 12%
of 69 biopsy positive GCA patients with visual involvement. They concluded that after adjustment for the
treatment regimen (intravenous pulse methylprednisolone versus oral prednisone), early treatment (within
the first day of visual loss) was the only predictor of
improvement.
Kupersmith et al. [62], in a multicenter uncontrolled
study of 7 patients (9 eyes) with visual loss, concluded
that “patients with GCA related visual loss can improve
with treatment.” The authors claimed that 4 of the 9
eyes showed visual acuity improvement within 1 month
of starting corticosteroids; however, they found no corresponding central visual field improvement. Without
concomitant visual field improvement, visual acuity
testing artifacts could not be ruled out; moreover the
reported visual improvement was of such a low magnitude as to be of little practical importance [17].
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Foroozan et al. [63] in a retrospective study of 32
consecutive patients with biopsy-proven GCA with
visual loss from arteritic-AION or central retinal artery
occlusion reported improvement in visual acuity in
13% with visual loss from biopsy-proven GCA, and all
had arteritic-AION. Despite the improvement of visual
acuity in these patients, perimetry revealed marked
constriction of the visual field in each affected eye.
There is a problem with several reports claiming
visual recovery or visual improvement in the literature,
particularly after many months. For severely infarcted
nerve fibers in the optic nerve head to survive for
months and recover much visual function later on
seems unrealistic, if the mechanism is to be explained
as survival of optic nerve fibers. In some of these
reports there are claims of visual acuity improvement
without any visual field improvement. For a genuine
visual acuity improvement, there has to be improvement in the central visual field, otherwise the claimed
visual acuity improvement simply represents the
patient learning to use eccentric fixation to see better.
There are several more reports claiming visual
improvement with corticosteroid therapy, based on
only one or two cases, many of them with problems
similar to those mentioned above. Where adequate
information was provided in the case reports, the
improved visual acuity without concomitant improvement in visual field most probably represented learning to fixate eccentrically [64, 65].
The report by Matzkin et al. [66] illustrates another
problem in the literature on visual improvement with
corticosteroid therapy in GCA. These authors reported
visual improvement with megadose intravenous methylprednisolone in 2 eyes diagnosed with central retinal artery occlusion. A detailed review of the cases
offers a different interpretation of their results. One of
the two eyes in fact had a cilioretinal artery occlusion
and not central retinal artery occlusion, because the
ischemia involved only the inferotemporal retina and
there was a corresponding superior nasal quadrantic
field defect – a pattern inconsistent with central retinal
artery occlusion. In our natural history study [67] of
cilioretinal artery occlusion, the final visual acuity
was 20/40 or better in 100% without treatment.
Similarly in our natural history study of 260 eyes with
central retinal artery occlusion, there was spontaneous
visual acuity improvement in 22% [68]. Thus, it is
possible that the improvement in visual acuity reported
by Matzkin et al. [66] may simply represent natural

history and not the effect of the megadose intravenous
methylprednisolone.
Can claims of marked visual improvement with
corticosteroid therapy be reconciled with the very rare
visual improvement seen by others? For this reason,
we conducted a study [19] to investigate the incidence
and extent of visual improvement with systemic corticosteroids in patients with GCA in a large comprehensive study. Our study [19] was based on 84 consecutive
patients (114 eyes) with visual loss, all of whom had
GCA confirmed by temporal artery biopsy and were
treated by us with high-dose systemic corticosteroid
therapy. Visual loss was due to arteritic AION (91%),
central retinal artery occlusion (10.5%), cilioretinal
artery occlusion (10%), and/or PION (4%) – alone or
in different combinations. Improvement in visual
acuity (of ³2 lines) was present in 10.5% of 114 eyes,
but only 4% showed a corresponding central visual
field improvement. Thus, improvement in both visual
acuity and central visual field was found in only 5 (4%)
eyes – and of the 5 patients, 3 were treated with intravenous and 2 with oral corticosteroid therapy. There
was no significant (p = 0.672) difference in visual outcome among patients treated initially with intravenous
corticosteroid versus those treated with only oral corticosteroid. Comparison of patients with visual improvement in both visual acuity and fields versus those with
none suggested a shorter (p = 0.065) interval between
onset of visual loss and start of corticosteroid therapy
in the improved patients. Disparity between improvement in visual acuity and visual fields may be due to:
(a) deceptively poor visual acuity at the first visit due
to emotional upheaval from sudden visual loss, and (b)
the recorded visual acuity “improvement” may represent simply a patient’s learning by experience to read
the test chart better by eccentric fixation. Similarly,
Danesh-Meyer et al. [69] in a recent multicenter prospective case series of 34 consecutive biopsy positive
GCA patients, found that visual recovery is uncommon (5%) in patients who lose vision from GCA.
Recovery in visual acuity was not associated with
visual field or color vision improvement in this series.
According to the evidence-based classification
[70, 71], in the literature on visual improvement with
corticosteroid therapy in GCA related visual loss, there
is neither a Class I study (evidence provided by a randomized controlled clinical trial) nor a Class II study
(evidence provided by prospective matched group
cohort study), because from present knowledge it
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would be unethical to conduct such studies, since
corticosteroid therapy has proven to be the definitive
treatment to prevent blindness in GCA. Similarly, in
our study [19], although ideally we would have liked
to give an identical regimen of corticosteroid therapy
to all patients, this was often not possible, because the
corticosteroid dose was influenced by a number of
clinical factors, as discussed above. Most of the
reported studies are Class III type (based on a case
series subjected to a given intervention) or Class IV
type (based on an interventional case report). Class IV
studies, though possibly of interest, are mainly anecdotal in nature.

Why Is There Little Chance
of Improvement in Visual Loss
Due to GCA in Spite of High-Dose
Corticosteroid Therapy?
The answer to this question lies in understanding the
mechanism causing visual loss in GCA and the factors
influencing the optic nerve head circulation. The following pieces of information help to explain:
a.	Visual loss in the 84 patients (114 eyes) in our
study [19] was due to arteritic AION (91%), central retinal artery occlusion (10.5%), cilioretinal
artery occlusion (10%), and/or PION (4%) – alone
or in different combinations.
b.	GCA almost invariably causes occlusion of the
posterior ciliary artery, occasionally of the central
retinal artery, and rarely of the ophthalmic artery
[3, 6, 13, 72–76].
c.	As discussed in Chap. 3, the posterior ciliary arteries
are the main source of blood supply to the optic
nerve head, so that their occlusion causes ischemic
damage to the optic nerve head, resulting in arteriticAION. Histological studies [72–76] in arteriticAION have demonstrated infarction of the optic
nerve head, involving only a part or the whole of it
(see Figs. 12.3–12.8 in Chap. 12), depending upon
the number of posterior ciliary arteries supplying the
optic nerve head and the area supplied by each [77–
79]. In some eyes, the central retinal artery and the
posterior ciliary artery arise by a common trunk
from the ophthalmic artery (see Figs. 12.21 and
12.22 in Chap. 12) [77], so that occlusion of their
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common trunk results in both arteritic-AION and
central retinal artery occlusion, simultaneously [4,
13]. Since the posterior ciliary arteries also supply
the cilioretinal artery, occlusion of the former naturally results in occlusion of the latter (see Figs. 12.9,
12.10, 12.17 and 12.18 in Chap. 12) [9, 13].
d.	In a small number of eyes, arteries supplying the
posterior part of the optic nerve may become
involved, producing PION [13].
e.	The most crucial issue influencing the possibility of
recovery is the length of time the retina and optic nerve
can survive an acute ischemic insult, before they are
irreversibly damaged. This depends upon two factors.
(i) The Severity of Ischemia
In arteritic-AION there is almost invariably complete occlusion of the posterior ciliary arteries and
no blood flow in the optic nerve head (see fluorescein angiograms in Chap. 3), resulting in infarction
and severe damage (see Figs. 12.3–12.8 in Chap.
12). However, on fluorescein fundus angiography,
I have documented two rare exceptions to this:
(a)	I have occasionally documented some residual
circulation still present in the retinal and/or
posterior ciliary artery circulatory beds at the
patient’s first visit, within a day or so of the
visual loss. The mechanisms responsible for
this residual circulation in the optic nerve head
in complete occlusion of the posterior ciliary
arteries are discussed elsewhere [80–82].
(b)	In arteritic-AION eyes there is occasionally a
markedly delayed choroidal circulation, indicating that the posterior ciliary artery is
severely narrowed but not completely
occluded. Such a severe narrowing would
cause a marked fall of perfusion pressure in
the optic nerve head circulation. A further fall
of perfusion pressure during nocturnal arterial
hypotension [83–85] may result in only transient hypoperfusion or nonperfusion of the
optic nerve head and the restoration of blood
pressure to normal levels upon awakening
could restore some circulation in the optic
nerve head. These two conditions, with some
residual circulation, may help to explain true
neuronal recovery, resulting in visual improvement in a few eyes.
(ii) The Duration of Acute Ischemia
In our experimental acute central retinal artery
occlusion studies in elderly rhesus monkeys, central
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retinal artery occlusion of less than 100 min produced no apparent morphometric evidence of retinal or optic nerve damage, but central retinal artery
occlusion of 105 up to 240 min produced progressive damage, and central retinal artery occlusion of
240 min or more produced total optic nerve atrophy
and retinal damage [18, 86]. Thus the retina and
optic nerve can only survive severe acute ischemia
for a relatively short time. As mentioned above, histological studies in arteritic-AION have demonstrated infarction of the optic nerve head (see
Figs. 12.3–12.8 in Chap. 12). Hence, after a critical
period, acute ischemia results in permanent neuronal damage, with no chance of visual recovery.
By the time the vast majority of patients with visual
loss due to GCA are seen by an ophthalmologist,
they have already suffered permanent, irreversible
damage from infarction. Moreover, if the arterial
supply to the optic nerve head or retina is completely occluded, neither corticosteroid therapy nor
any other treatment can re-establish the circulation
and reverse the ischemic damage. Thus, in such
eyes there seems to be little scientific rationale for
any possibility of visual improvement with corticosteroid therapy. Indeed, most of the cases reported
in the literature show no visual improvement with
corticosteroid therapy, and in our study 96% of the
eyes belonged to this type. This was also stressed
by Kearns [87], Bengtsson and Malmvall [50] and
Thystrup et al. [88]. Therefore, it is vital to emphasize that the goal of corticosteroid therapy in GCA
is to help prevent visual loss, not to reverse it.

Is Intravenous Corticosteroid Therapy
More Effective than Oral Therapy in
Causing Visual Improvement in GCA
Patients?
A review of the old literature reveals widespread disagreement on the role of intravenous versus oral corticosteroid therapy in visual recovery in GCA. The
majority of the reported patients with visual loss due to
GCA in the various studies were initially started on
intravenous corticosteroids, followed by oral therapy.
Some authors have recommended intravenous therapy
[64–66] while others feel that oral therapy is as good
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and safer [60, 89, 90]. Liu et al. [60] treated 9 patients
with intravenous methylprednisolone and 5 with oral
prednisone, and noted a slight trend toward visual
improvement associated with intravenous corticosteroid in patients with visual loss.
As mentioned above, our study [19] showed no significant difference in visual outcome in patients treated
initially with intravenous corticosteroid versus those
treated with only oral corticosteroid.
The above critical review of the literature and discussion, combined with my experience of multiple
clinical studies during the past 40 years, seems to suggest that the major limitations of most studies about
the claimed visual improvement in GCA are;
(a) The recording of apparent “improvement” in
visual acuity which may be simply the result of
limitations inherent in testing visual acuity.
(b) The use of visual acuity improvement without
concomitant central visual field improvement as
the sole criterion for improved visual function.
(c) The omission of a consideration of the natural history of the visual outcome in a disease can result
in invalid claims. For example, Richard et al. [91]
reported that local fibrinolysis treatment in central
retinal artery occlusion resulted in visual acuity
improvement in 66% of 46 treated eyes. However,
my study [92] showed no real difference in final
visual acuity between Richard et al.’s [91] treated
central retinal artery occlusion and my [92]
untreated central retinal artery occlusion patients.
Unfortunately, claims of marked or dramatic visual
improvement with corticosteroid therapy reported in
the literature can mislead physicians and, even worse,
desperate GCA patients, into expecting significant
improvement in visual function with corticosteroid
therapy. This can have medicolegal implications.
Since there is little or no chance of recovery or
a cure for visual loss in the vast majority of GCA patients,
prevention of visual loss is crucial. Kearns [87] has correctly stated that GCA “ranks as the prime medical emergency in ophthalmology, there being no other disease in
which the prevention of blindness depends so much on
prompt recognition and early treatment.” Therefore, it is
essential to know what criteria are most helpful in early
diagnosis, so that the patients are treated promptly. I have
discussed those diagnostic criteria in Chap. 11.
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Visual Deterioration in GCA Patients
While on High Doses of Corticosteroid
A review of the English literature reveals many reports
of further visual loss after patients had started systemic
corticosteroid therapy [25, 31, 37, 40, 59–61, 66, 69,
93–114]
Liu et al. [60], in a retrospective review of the
records of 41 GCA patients with visual loss, found
worsening vision in 17%. Intravenous methylprednisolone was given to 25 patients, and the rest received oral
prednisone alone. Danesh-Meyer et al. [69], in a multicenter prospective case series of 34 consecutive biopsyproven GCA patients, found visual deterioration in
27% of the eyes within the first 6 days despite highdose IV corticosteroids. Loddenkemper et al. [114] retrospectively reviewed 90 consecutive patients with
biopsy positive GCA and found progressive visual loss
in 23% despite corticosteroid therapy. They found that
risk factors for progressive visual loss included older
age, elevated CRP and disc swelling.
In the reported studies, the total number of patients,
number of eyes involved, initial corticosteroid therapy
dose, time between start of therapy and visual deterioration, and dosage of corticosteroid therapy at the time
of visual deterioration are summarized in the Table 13.4
[20]. Most of these patients suffered further visual loss
during the initial stages while already on high doses of
corticosteroids, although a few experienced it only
when the corticosteroid dose was reduced later on, to
what may have been an inadequate level. In the literature, almost all of the reports on large numbers of
patients were based on retrospective retrieval of information from charts of patients seen over several years
by different physicians; the others are from a few
selected patients only. The inherent limitations of studies based on retrospective retrieval of information from
charts of a large number of patients, with data recorded
and collected over several years by different persons
with varying professional expertise, are well known.
To get more reliable information, we [20] conducted
a study from 1974 to 1999 in 144 consecutive temporal
artery positive GCA patients (271 eyes); of these
patients, 91 were seen initially with visual loss, while 53
patients were initially seen without any visual loss. The
objective of the study was to investigate: (1) the incidence and extent of visual deterioration in GCA patients
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taking high doses of systemic corticosteroids during the
early stages of treatment, (2) the various factors which
may influence that, and (3) whether intravenous megadose corticosteroid therapy was more effective than oral
therapy. In our study [20], after the start of the high-dose
corticosteroid therapy: (a) of the 53 who were first seen
in my clinic without any visual loss, none suffered any
visual deterioration on a long-term follow-up; and (b) of
the 91 patients who came with visual loss already in one
or both eyes, 9 patients (11 eyes) developed further
visual deterioration in spite of high doses of systemic
corticosteroids (intravenous megadose corticosteroid in
seven patients – 8 eyes, and oral in the rest). When visual
deterioration occurred, it almost invariably started
within 5 days after the start of high-dose systemic corticosteroid therapy, and was usually progressive over a
period of 1–3 days, after which the vision stabilized.
Among the eyes that had normal vision when high-dose
corticosteroid therapy was started, only one eye in our
series developed new visual loss. There was no significant difference between those treated with intravenous
corticosteroid therapy versus oral corticosteroids. Thus,
in this study, not one of the patients who did not lose any
further vision during the first 5 days of the start of highdose corticosteroid therapy, lost vision thereafter, with a
range of follow-up of 3.4 weeks to 20.2 years (Median
2.1 years). Therefore, during the first week of high-dose
corticosteroid therapy, one should give a guarded prognosis for any further visual loss, after which the outlook
is invariably good – provided the maintenance corticosteroid dose is adequate. (I have seen many other patients
belonging to this category who were not included in our
study [20] because they did not fulfill the inclusion and
exclusion criteria [20]).

Case Report – 1
The following unfortunate patient in my series is an
instructive example of relentless visual loss in both eyes
during the first 5 days in spite of aggressive high-dose
corticosteroid therapy. A 78-year-old white man noticed
blurred vision all over in the left eye when he got up one
morning; it progressively deteriorated during the day
(Day 1). He was seen that day at 1 p.m. by a local ophthalmologist, who recorded a visual acuity of hand
motions in the left eye and normal in the right eye.
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Table 13.4 Review of Literature Dealing with Giant Cell arteritis-Related Visual Deterioration While on Steroid Therapy (Reproduced from Hayreh and Zimmerman [20])
Corticosteroid therapy at the time
Initial corticosteroid
Time between
Number
Author(s) and
Year
Total GCA
of visual deterioration
therapy
start of therapy
of eyes
reference number
patients in
and visual
involved
study
Corticosteroid used
Dose (mg)
Corticosteroid used
Dose (mg)
deterioration
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On the second day (Day 2) he was seen in my clinic,
with a visual acuity of hand motions in a temporal island
in the left eye and 20/20 in the right eye. Fundus examination in the left eye revealed chalky white optic disc
swelling (typical of arteritic-AION), and a normal
fundus in the right eye (see Fig. 12.15a in Chap. 12).
He was admitted to the hospital, immediately started on
intravenous Dexamethasone sodium phosphate 150 mg
every 8 h and given 3 doses; he also had temporal artery
biopsy done which was positive for GCA. On Day 3, in
the morning he was started on 120 mg Prednisone oral
daily. The vision in both eyes was stable till Day 6 (while
he was still in hospital), when he woke up in the morning and found that he could not read; at that time his
visual acuity was counting fingers at 2 ½ feet in the right
eye and light perception in the left; he had suffered
visual deterioration in both eyes during the night. The
right optic disc had chalky white optic disc swelling (see
Fig. 12.15b in Chap. 12). Intravenous Dexamethasone
150 mg was again started immediately and repeated 6
hourly 4 times that day. On Day 7, in the morning his
visual acuity was hand motions in the right eye and no
light perception in the left. I felt that he had had sufficient intravenous corticosteroids, and so he was switched
to 120 mg Prednisone orally. On Day 8 in the morning
the visual acuity in the right eye was bare light perception and in the left no light perception. On Day 9 in the
morning it was no light perception in either eye, and this
did not change subsequently in spite of continued high
corticosteroid dosage orally. He was followed for over
4 years in my clinic (till his death), on a small maintenance dose of Prednisone (to prevent development of
other serious systemic ischemic disorders caused by
GCA, e.g., myocardial infarction or cerebrovascular
accident), without experiencing any change in vision.
Over the years I have had the experience of seeing
patients who had suffered further visual loss on either
rapid tapering of corticosteroid therapy (because of
their physician’s apprehension of side-effects of corticosteroid therapy) or completely stopping it under the
impression that GCA is a self-limiting disease and
there is no need to keep them on corticosteroid therapy
after about 1–2 years [23]. In discussion with other
ophthalmologists, I have heard of a number of similar
cases.
Rheumatologists who recommend tapering of corticosteroid therapy by systemic symptoms rather than
ESR and CRP, as discussed above, may be an unintentional cause of visual deterioration, due to an inadequate

dose of corticosteroid therapy or discontinuing it completely because of the absence of any systemic symptoms on tapering off the therapy. In this context, the
following recommendation of corticosteroid therapy in
GCA by rheumatologists [23] is relevant: “The initial
dose of glucocorticosteroids is usually given for
2–4 weeks until all reversible signs and symptoms have
resolved and acute phase reactants are back to normal.
Then, the dose can be gradually reduced each week or
every 2 weeks by a maximum of 10% of the total daily
dose. The necessary duration of glucocorticosteroids
therapy is variable, but in most cases it can be discontinued within 1–2 years.” Our study [21] of corticosteroid
therapy in GCA to prevent visual loss has shown the
cook-book regimen of therapy advocated by this group
is not at all valid and may be dangerous because of
marked inter-individual variability in response, dosage
required and duration by various GCA patients. My
experience of dealing with these patients for about
40 years has indicated that GCA patients, like other sufferers from rheumatologic diseases, generally require
adequate maintenance corticosteroid therapy for years,
most of the time for the rest of their lives, to keep the
disease under control.

Why Do a Few Eyes Develop Visual
Deterioration in Spite of High-Dose
Corticosteroid Therapy?
This is most probably due to two factors. To understand them, it is essential first to review briefly the
mechanism of visual loss in GCA.

Mechanism of Visual Loss in GCA
It is well-established now that the visual loss in
GCA is due to arteritic-AION in the vast majority of
cases [4, 13]. The mechanism is discussed at length
in Chap. 12.
Our study [13], as well as many others in the
literature [6, 115–118], has shown that many patients
give a history of having episodes of amaurosis fugax
before the development of visual loss in GCA. On doing
fluorescein fundus angiography in GCA patients with
amaurosis fugax, I have found evidence of markedly
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sluggish and impaired choroidal circulation in the
distribution of one or the other posterior ciliary artery.
In some GCA patients who had recently developed
visual loss in one eye, I also found early evidence of
sluggish and impaired choroidal circulation in the fellow eye with normal visual acuity; these angiographic
findings are due to low perfusion pressure in the posterior ciliary artery(s), caused by partial occlusion of
these arteries by an arteritic process in GCA. Thus,
fluorescein fundus angiography provides very useful
information about the mechanism of visual loss in GCA
and the factors that influence its progress (see below).
The following case report is an instructive example of
an initial misdiagnosis of amaurosis fugax, and immediate high-dose corticosteroid therapy preventing visual
loss in eyes presenting with amaurosis fugax.

Case Report – 2
On January 19,1999, a 74-year-old man noticed “flashing little butterflies” in his right eye at noon, lasting
5–10 min. On January 24, 1999, at 2 PM a curtain
moved over the temporal side and he could see only
grey for 10 min. When first seen on January 25, 1999 in
the general clinic of our department, his visual acuity
was 20/20 in both eyes and the ophthalmic evaluation
was normal. Differential diagnosis by the ophthalmologist was migraine, transient ischemic attack and posterior vitreous detachment. The ophthalmologist told the
patient that she was going to arrange for him to have
carotid Doppler and echocardiographic studies, as soon
as possible, to find the source of the embolism in case
it was transient ischemic attack. On January 27, 1999,
the ophthalmologist met me and casually mentioned
having seen this patient. When I heard about the history
of visual symptoms, I asked her to get the patient back
immediately to do ESR and CRP urgently, because a
74-year-old man with those symptoms needs those tests
to rule out GCA straight away, to prevent any further
visual loss. When seen that day, he related that he had
lost vision in that eye at 8 AM for about 10 min that
day, and on further questioning, gave a history of having had jaw claudication all along and temporal headaches. His ESR was 45 mm and CRP 7.4 mg. Although
his fundus was normal on ophthalmoscopy (Fig. 13.4a),
fluorescein fundus angiography revealed a markedly
delayed and impaired choroid circulation (Fig. 13.4b, c),
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indicating that the posterior ciliary arteries (the main
source of blood supply to the ONH) were markedly narrowed by the arteritic process, but not completely
occluded yet. All this was almost diagnostic of GCA,
which was later confirmed on temporal artery biopsy.
The patient was immediately admitted to the hospital
and started on intravenous Solu-Medrol 150 mg three
times daily for 3 days to prevent him from losing vision
permanently in that eye or even both eyes, and then
switched to 120 mg Prednisone daily orally. He had
another episode of visual loss that evening at 10 PM.
He had couple of episodes of short transient visual
blurring on January 28, 1999 and one minor episode on
January 30, 1999, but none after that. His episodes of
transient visual blurring occurred whenever the perfusion pressure in the ONH (in the posterior ciliary
arteries as well) fell below the critical levels for reasons discussed below. He has since been followed in
my clinic for about 12 years and has been doing fine
on a maintenance dose of 1 mg Prednisone, with ESR
1 mm/h and CRP <0.5 mg. The instructive part of this
case is that his initial amaurosis fugax was misdiagnosed as due to embolization and he was sent home
for later evaluation for embolization, when in fact he
was on the verge of going blind and needed immediate, aggressive high-dose systemic corticosteroid therapy to prevent visual loss. He has maintained 20/20
visual acuity in both eyes at all times, with no other
evidence of visual loss.

Factors Influencing Visual Loss
Progression
The following two factors, individually or in combination, may be responsible for the progression of visual
loss in spite of high-dose corticosteroid therapy.
1. The Latent Period between the Start
of Corticosteroid Therapy and Control
of the Arteritic Process in GCA
As is well-known, there is always a latent period
between the start of a therapy and its effectively controlling the disease process. Histopathological studies
of the ophthalmic and posterior ciliary arteries in
GCA patients with visual loss have shown a
granulomatous inflammatory reaction with giant cells
in the walls, intimal thickening and occlusion of the
lumen by organizing thrombi [72, 73, 119, 120].
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c

Fig. 13.4 (a). Normal fundus and optic disc of the right eye. (b and
c) Fluorescein fundus angiograms of the right eye. (a) During the
retinal arterial phase shows normal filling of the retinal arteries but

no filling of the choroidal and optic disc circulation at this stage.
(c) During the late retinal arterio-venous phase shows patchy filling
of the choroid
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Corticosteroid therapy, however aggressively given,
takes several days to stop the arteritic process in the
wall of the posterior ciliary arteries – findings in our
study suggest that that may be up to 5 days. One could
compare the situation to an emergency stop in a traveling vehicle; even “standing on the brakes” does not
stop the vehicle immediately but only after it has gone
for a variable distance, depending upon the speed it
was moving before. Therefore, it is apparent that if
the posterior ciliary arteries are already markedly narrowed by the arteritic process in their wall, (although
not enough to cause visual symptoms or visual loss),
starting high-dose aggressive corticosteroid therapy at
that stage may not stop the relentless progression of
the inflammatory process soon enough to avoid occlusion of the artery and consequent development of
arteritic-AION. Obviously, the earlier the treatment
is started, the better are the chances of preventing
blindness.
2. Role of fall of Perfusion Pressure in the Optic
Nerve Head (ONH)
Blood flow in the ONH depends upon the perfusion
pressure in its vascular bed. Perfusion pressure is equal
to mean blood pressure minus the intraocular pressure.
Therefore, a fall of blood pressure, a rise of intraocular
pressure or a combination of both can compromise the
ONH blood supply, resulting in visual loss. Marked
narrowing of the posterior ciliary arteries or of the
ophthalmic artery by arteritic process in GCA [72, 73,
119, 120] would result in a fall of blood pressure in the
vascular bed of the posterior ciliary arteries and the
ONH (as demonstrated on angiography in Fig. 13.4b, c).
In such a situation, the blood supply of the ONH may be
readily compromised by the following two factors,
resulting in ischemia of the ONH and consequent
development of either amaurosis fugax or arteriticAION:
(a)	Rise in intraocular pressure: Even a small rise
(e.g., on stooping down) may be enough to temporarily compromise the ONH blood flow and
precipitate amaurosis fugax, which is often
reported by GCA patients before the loss of vision
[6, 13].
(b) Fall of blood pressure: On enquiring the exact time
when these patients first discovered permanent
visual loss, I have often found that to be upon
awaking from sleep (for example, in the case report
with complete visual loss described above); we
know that during sleep there is a fall of blood
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p ressure (i.e., nocturnal arterial hypotension) [83,
85]. When the blood pressure in the ONH vessels
is already low, due to marked narrowing of the
posterior ciliary arteries (as discussed above), even
a normal fall of blood pressure during sleep is
enough to compromise the ONH blood supply,
resulting in ischemia, and development of arteriticAION. If these patients are on arterial hypotensive
therapy, particularly taking it at bedtime or in the
evening, that would aggravate the nocturnal
hypotension [6, 13] and make them more vulnerable to visual loss. Hence, it may be relevant to
check their hypotensive medication regimen. I
have also seen GCA patients developing amaurosis fugax when they suddenly stood up, because of
development of transient orthostatic arterial
hypotension.

Is Intravenous Megadose Corticosteroid
Therapy More Effective than Oral Therapy
in Preventing Further Visual Loss?
In our study [20], 6 of the 48 patients (13%) who were
on intravenous megadose corticosteroid therapy developed visual deterioration compared to 3 of 97 of
patients (3%) on oral therapy only. Of the nine patients
with progressive visual loss while on high-dose corticosteroid therapy, the fellow eye either did not suffer
any further visual loss or remained normal with intravenous megadose therapy in 4 and with oral corticosteroid therapy in 3; however, in one patient the fellow
normal eye went blind in spite of intravenous megadose therapy (as discussed in one of the case reports
above). Therefore, it seems that there was no evidence
from our study that intravenous megadose corticosteroid therapy was more effective than oral therapy in
preventing further visual loss; however, in our study
the patients who were started on intravenous therapy
were those who had worse visual acuity to start with
than did those on oral therapy, and that is a confounding
factor. Other authors have also reported progressive
visual loss in spite of intravenous megadose therapy
[25, 60, 66, 69, 108, 111, 113].
In spite of the lack of any definite evidence, in our
study or in the reported literature, that intravenous
megadose corticosteroid therapy is more effective than
oral therapy in preventing further visual loss in the
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already involved eye or in the fellow uninvolved eye,
one cannot rule out completely the possibility that in a
rare case it may help to prevent visual loss. Thus, to
give the benefit of the doubt to GCA patients, I still
recommend using it in those few patients who have: (i)
a history of amaurosis fugax but no visual loss at initial
visit (as in the case reported above), (ii) complete or
marked loss of vision in one eye, and (iii) early signs
of involvement of both eyes, “just in case” it may
prevent further, irreversible visual loss.

reported cases were most probably purely coincidental
occurrence, unrelated to GCA or corticosteroid therapy.
Moreover, tens of thousands of GCA patients are treated
with corticosteroid therapy. If there were a true association, it would be seen far more commonly.
Osteoporosis is a well-known major risk factor of
long term corticosteroid therapy. Lespessailles et al.
[125] based on a study of 121 women with a mean age
of 60.4 +/−14.3 years on long-term glucocorticoid
therapy concluded that there is compelling evidence
that bone mineral density is a major determinant of the
fracture risk in patients with glucocorticoid-induced
osteoporosis. Cacoub et al. [126] compared bone mass
loss due to deflazacort versus prednisone in long-term
treatment of 74 patients with GCA in a randomized
double blind comparative trial over a minimum of
12 months’ period. Their study showed that with older
patients who are at risk of osteoporosis taking longterm glucocorticoids, deflazacort did not result in less
bone loss than prednisone. Chevalet et al. [127] compared the clinical and therapeutic courses (corticosteroid response, corticosteroid amount, complications) in
people with GCA under and over 75 years, during the
first year of treatment, in a series of 164 patients. The
data were retrospectively analyzed (mean age:
73.3 years) for the two subgroups. They concluded that
even if corticosteroid response was identical in the
therapeutic course of GCA, rheumatic side effects
appeared more frequent in the elderly group (over
75 years).
Since osteoporosis is the major risk factor in long
term corticosteroid therapy, several suggestions have
been made to prevent or treat that. For example, Saag
et al. [128]. carried out two 48-week, randomized,
placebo-controlled studies of two doses of Alendronate
(Fosamax) in 477 men and women, 17–83 years of
age, who were receiving glucocorticoid therapy. They
concluded that Alendronate increases bone density in
patients receiving glucocorticoid therapy. The
American College of Rheumatology [129] recommended that glucocorticoid-induced bone loss should
be prevented. Supplementation with calcium and vitamin D at a dosage of 800 IU/day, or an activated form
of vitamin D (e.g., alfacalcidiol at 1 mg/day or calcitriol at 0.5 mg/day), should be offered to all patients
receiving glucocorticoids, to restore normal calcium
balance.
In view of the fact that osteoporosis is the major
risk factor in long term corticosteroid therapy, I advise

Side-Effects of Corticosteroid Therapy
in GCA and Their Prevention
As discussed above, the invariable reason for giving
GCA patients “too little, for too short a time” corticosteroid therapy is the common fear among physicians
about the risks of systemic side-effects of prolonged
corticosteroid therapy, particularly in the elderly. Kyle
and Hazleman [121] found that side effects were significantly related to an initial prednisolone dose of
more than 30 mg and to the cumulative prednisolone
dose. Patients taking a mean daily dose of 5 mg prednisolone or less were significantly less likely to develop
side effects. Nesher et al. [122] in a study of 43 consecutive prednisone treated GCA patients, on a mean
follow-up of 3 years found that 58% developed major
corticosteroid related complications. The most common were fractures and severe infections. But these
complications were age related, occurring twice as
often in patients older than 75 years as in younger
patients. Corticosteroid related side effects were also
dose related, occurring more commonly in patients
starting with doses of >40 mg/day Prednisone and in
patients taking high maintenance dosage.
There has been a rare anecdotal case report of development of iatrogenic central serous chorioretinopathy
in GCA patients treated with corticosteroid therapy
[123, 124], but in more than 40 years of treating about
300 GCA patients with corticosteroid therapy I have
never seen this complication. In addition to that, during
this period, I have also treated several thousand patients
with high-dose corticosteroid therapy for various ocular rheumatologic and other diseases and have yet to
see a case developing central serous chorioretinopathy.
Central serous chorioretinopathy is not a rare disease
and develops without any such association. The
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Corticosteroid Sparing Therapy in GCA

all my patients to take calcium and vitamin D, and also
to consult their physician about taking Alendronate
sodium (Fosamax) or Ibandronate (Boniva) to prevent
osteoporosis. Both Fosamax and Boniva are specific
inhibitors of osteoclast-mediated bone resorption.

Corticosteroid Sparing Therapy in GCA
High-dose corticosteroids are the mainstay of treatment
for systemic vasculitides, including GCA. However,
since corticosteroid therapy is associated with systemic
side-effects and complications, there has been a constant
search to find alternative therapies for the treatment of
various systemic vasculitides, including GCA. The
most common agent which has been studied is methotrexate. Others include Imuran (Azathioprine), Cyclos
porine A, Infliximab (Remicade), Enbrel (Etanercept),
Adalimumab (Humira), Cyclophosphamide, Dapsone,
and Chlorambucil.

Methotrexate
The use of methotrexate as a corticosteroid sparing
agent for treatment of GCA is often advocated. van der
Veen et al. [130] found no difference between their
methotrexate group and the placebo group concerning
time to achieve remission, duration of remission, number of relapses, or cumulative Prednisone doses, and
no corticosteroid sparing effect of methotrexate. Spiera
et al. [131] in a randomized, controlled, doublemasked trial comparing methotrexate (12 patients)
versus placebo (9 patients) in addition to corticosteroid
therapy in patients with newly diagnosed GCA, also
found no corticosteroid-sparing benefit. Similarly,
Hoffman et al. [132] in a multicenter, randomized,
double-masked, placebo-controlled trial of adjuvant
methotrexate treatment for GCA, found that their
results did not support the adjunctive use of methotrexate to control disease activity or to decrease the cumulative dose and toxicity of corticosteroids in patients
with GCA. There are, however, several problems with
this study, including the following. (i) In this study,
17% did not have positive temporal artery biopsy.
(ii) Corticosteroids were initially administered daily,
and after 4 weeks were tapered according to an alternate-day schedule. The study by Hunder et al. [34] has
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clearly shown that alternate therapy does not control
GCA satisfactorily. (iii) The relapse rate was >60%
and they excluded isolated elevation of ESR as a criterion for relapse, which means the relapse rate was most
probably higher than was claimed. All relapses were in
fact accompanied by elevations in ESR, which means
the disease was not under control. Most relapses
occurred after an alternate-day prednisone schedule was
initiated (51%) or after prednisone was entirely discontinued (34%). (iv) There was a high incidence of vision
loss, which occurred after treatment in both groups (5 of
47 in the corticosteroid plus placebo group, 4 of 51 in
the corticosteroid plus methotrexate group) and was
isolated to the first 6 months of follow-up (1–6 months).
Among the eight patients with delayed vision loss
(>1 month from initiation of therapy), prednisone had
been tapered and entirely withdrawn in 4. As mentioned before, in our study [20] not a single patient lost
any more vision after the start of high dose corticosteroid therapy and tapering guided by ESR and CRP. This
high incidence of relapses, associated with elevated
ESR and high incidence of visual loss in both wings of
their study clearly shows that the disease was not under
satisfactory control – after all the primary purpose of a
treatment in GCA is to prevent visual loss and that was
not satisfactorily achieved in this study. In the 1980s in
collaboration with our rheumatology department at the
University of Iowa Hospitals & Clinics, I did a preliminary study of methotrexate with prednisone in
GCA patients without any visual loss but the results
were inconclusive.
On the other hand, Jover et al. [133] in a randomized, double-blind, placebo-controlled trial, investigated the safety and efficacy of combined therapy with
corticosteroids and methotrexate in GCA in 42 patients
with new-onset biopsy positive GCA. They concluded
that treatment with methotrexate plus corticosteroid is
a safe alternative to corticosteroid therapy alone in
patients with GCA and is more effective in controlling
disease. Mahr et al. [134], based on an individual
patient data meta-analysis of three randomized placebo-controlled trials in patients with newly diagnosed
GCA, concluded that in GCA, adjunctive treatment
with methotrexate lowers the risk of relapse and
reduces exposure to corticosteroids. While metaanalyses often provide useful information, that is not
always the case, because their conclusions depend
upon the credibility of the studies included in the
meta-analysis.
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Thus, the evidence is equivocal but tends to indicate
that there is no real benefit in using methotrexate as a
corticosteroid sparing agent or to control GCA.

patients with newly diagnosed GCA that was in glucocorticosteroid-induced remission. In that study, infliximab therapy did not increase the proportion of patients
without relapse at week 22 compared with placebo
(P = 0.65), nor did it increase the proportion of patients
whose glucocorticosteroid dosages were tapered to
10 mg/d without relapse (P = 0.31). The incidence of
infection was 71% with infliximab and 56% with
placebo. Their conclusion was that using infliximab as
maintenance therapy in patients in glucocorticoidinduced remission of newly diagnosed GCA is of no
benefit and may be harmful.

Azathioprine (Imuran)
This is an immunosuppressive antimetabolite. De Silva
and Hazleman [135] used azathioprine to reduce the
maintenance prednisolone requirement of 31 patients
with PMR or GCA, and noted a statistically significant
difference (p < 0.05) in mean prednisolone dose
between the two groups at the end of 52 weeks, there
being a fall in corticosteroid requirement in the azathioprine treated group.

Cyclosporine A
This is a potent immunosuppressant, primarily through
its direct suppression of T-cells. Schaufelberger et al.
[136] conducted a 12-month, multicentre, prospective,
controlled, randomized, open study that was designed
to evaluate the corticosteroid-sparing potency of
Cyclosporin A. The patients were randomly assigned
to one of two treatment groups (Group A: corticosteroids alone, Group B: corticosteroids + Cyclosporin A).
There was a high rate of premature termination and
treatment modification due to adverse events that
appeared in the Cyclosporin A treatment group. Only
3 of 29 patients were treated without adverse events.
They concluded that their study, as well as a previous
study, clearly showed that Cyclosporin A has no corticosteroid sparing potency in GCA patients, primarily
because of extremely poor tolerability. Therefore, they
did not recommend Cyclosporin A either in early or in
longstanding GCA.

Infliximab (Remicade)
This is a chimeric IgG1k monoclonal antibody and it
neutralizes the biological activity of tumor necrosis
factor-alpha. Since this is present in the arteries in
GCA, Hoffman et al. [137] conducted a multicenter
clinical trial to evaluate the efficacy of infliximab in 44
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Enbrel (Etanercept)
This is a tumor necrosis factor antagonist. MartinezTaboada et al. [138] conducted a randomised, doubleblind, placebo controlled trial with etanercept in 17
patients with biopsy-proven GCA with side effects secondary to corticosteroids. They were given Etanercept
(n = 8) or placebo (n = 9) over 1 year together with corticosteroids. They concluded that the limited number
of patients included in this study did not allow them to
draw definitive conclusions.

Adalimumab (Humira)
This is a fully human recombinant IgG1, anti- tumor
necrosis factor-alpha monoclonal antibody. There is
one anecdotal case report of a patient who was treated
with adalimumab and success claimed [139].
I could not find any report specifically dealing with
the use of cyclophosphamide, dapsone, and chlorambucil in GCA alone.
Nesher and Sonnenblick [140], in a review of
corticosteroid-sparing treatments, concluded that no
definite recommendation can be drawn regarding the
use of corticosteroid-sparing agents in GCA. After a
review of the published reports dealing with the
addition of corticosteroid-sparing agents, Wilke and
Hoffman [30] stated that: “the small number of patients,
lack of controls, and brevity of these reports do
not allow even preliminary conclusions about the
advantages of addition of a second agent or about
what might be the alternative treatment of choice for
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corticosteroid-resistant GCA.” They concluded that
“studies in which a second agent has been added to
corticosteroid therapy have demonstrated that typical
GCA patients usually do very well with corticosteroids
alone ”. Cantini et al. [141] found that the data supporting the usefulness of corticosteroid-sparing effect
of methotrexate and anti-tumor necrosis factor-alpha
drugs are limited and non-conclusive.
Thus, all the available evidence so far indicates that
the best treatment option for GCA is corticosteroid
therapy. I have no personal experience of using any of
the above corticosteroid-sparing therapies, except in a
small preliminary trial of methotrexate mentioned
above.

Role of Aspirin in Management of GCA
Several studies have shown the presence of reactive
thrombocytosis in GCA, as discussed by us [142]. That
has led some to assume that aspirin or other anti-platelet aggregating agents might have a role in the management of GCA, the prevention of visual loss and other
ischemic lesions. Therefore, it is essential to discuss
the association between thrombocytosis in GCA and
ischemic complications. The role of an elevated platelet count and the possible association of thrombocytosis with ischemic complications has been debated in
the literature [103, 143–150]. For example, De Keyser
et al. [145] reported a correlation between thrombocytosis and ischemic lesions because their group with
ischemic complications (18 patients with visual loss,
stroke and transient ischemic attack) had a significantly (P < 0.01) higher prevalence of thrombocytosis
and a higher median platelet count than the group
without those ischemic complications (38 patients).
Similarly Liozon et al. [150] concluded that there was
a correlation between increased risk of vision loss and
higher platelet counts. However, a careful review of
the data and statistical methods in the latter study
reveals that in the analysis used to identify the independent risk factors for permanent vision loss, there
were 17 variables in the logistic regression model of
23 patients with permanent vision loss and 151 with no
vision loss. In such an analysis, the general rule is to
include no more than 1 independent variable per
10 subjects in the smaller of the 2 outcome groups
to derive a model that is reliable [151]. Therefore,
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Liozon et al.’s [150] analysis incorporated too many
independent variables in the logistic regression model
for the small sample size, and that resulted in a model
that is over-fitted. Thus, the conclusions derived from
their multiple logistic regression model may not be
valid. Those who believe in a possible relationship
between thrombocytosis and ischemic lesions in GCA
have proposed various mechanisms to account for it.
Bengtsson and Malmvall [143] speculated that the
arteritic process may adversely affect the prostacyclin
synthesis in the arterial wall, thereby disturbing the
balance between prostacyclin and thromboxane A2
release from the “activated platelets”, a substance
known to be a potent vasoconstrictor as well as a proaggregatory agent [152]. Gibb et al. [144] in one case
of fatal basilar artery thrombosis and GCA, found a
high platelet count (566 × 10 [3] m/l), and concluded
that ischemia could result from embolization of platelet clumps from inflamed intimal surfaces or by release
of thromboxane A2 by activated platelets producing
platelet aggregation and vasoconstriction.
In contrast to that, other authors have found no such
association between thrombocytosis and an increased
risk of ischemic complications in GCA [148, 149]. For
example, Cid et al. [147], in a study of 200 consecutive
biopsy-proved GCA patients, on comparing patients
with ischemic lesions (32 patients) versus those without ischemic lesions (168 patients), found no significant difference in platelet count between the two. Wu
[153] found none of the 11 patients with reactive
thrombocytosis had thrombotic or hemorrhagic complications. In our study [142] of 121 temporal artery
biopsy confirmed GCA patients, we also found no significant difference in the mean platelet counts between
GCA patients with vision loss (406 × 103ml) and those
without (425 × 103ml). It is relevant to point out that
permanent visual loss, as a complication of biopsyproved GCA, was much higher in our study than has
been reported in other GCA studies dealing with
thrombocytosis [103, 145, 147–150, 154–158].
Therefore, our study provides much more reliable
information on this issue than previous ones.
There are several studies dealing with treating GCA
patients with aspirin, with conflicting results. For
example, Nasher et al. [159] reviewed charts of 175
consecutive GCA patients. At the time of the diagnosis
of GCA, 21% were already taking low-dose aspirin
(100 mg/day). They evaluated “cranial ischemic complications” of GCA in those with and without aspirin
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therapy. Acute visual loss was present in 17%, stroke in
6% and both in 1%. They found that 8% of the aspirintreated patients developed “cranial ischemic complications”, compared with 29% of the non-aspirin-treated
patients (P = 0.01). Despite the use of corticosteroid
therapy, cranial ischemic complications developed in
9% of the 166 patients followed up for 3 months or
longer, and “cranial ischemic complications” developed in only 3% of the aspirin-treated patients, compared with 13% of the patients treated with prednisone
only (P = 0.02). They concluded that their data suggest
that low-dose aspirin decreases the rate of visual loss
and stroke in patients with GCA. Lee et al. [160]
investigated in 104 biopsy-proven GCA patients in a
retrospective chart review whether antiplatelet or anticoagulant therapy reduces ischemic complications in
patients with GCA followed for a mean period of
4 years. Long-term antiplatelet or anticoagulant therapy was given to 60% and none to 40%. They concluded that antiplatelet or anticoagulant therapy may
reduce the risk of ischemic events in patients with
GCA. Cantini et al. [141], based on a review, concluded
that the data supporting the usefulness of antiplatelet
agents and anticoagulants combined with corticosteroids to prevent ischemic complications in GCA are
limited and non-conclusive.
A study by Kaiser et al. [146] showed that it is the
degree of intimal proliferation that plays a role in the
development of ischemic lesions, and not an embolic
phenomenon. The lumen of arteries involved by GCA
is usually reduced by severe thickening of the intima,
and thrombus is often formed at the site of active
inflammation. Our fluorescein fundus angiographic
studies of GCA patients with arteritic-AION (due to
occlusion of the posterior ciliary artery), central retinal
artery occlusion and cilioretinal artery occlusion indicate that visual loss is primarily due to occlusion of the
involved artery by arteritis and associated thrombosis
and not due to embolism [4, 9, 13]. However, the possibility of detached microscopic clumps of platelets or
other material from the surface of a freshly forming
thrombus, producing retinal cotton-wool spots [13],
before the thrombus completely occludes the common
trunk of the posterior ciliary artery and central retinal
artery [161], cannot be ruled out. On the other hand, it
is important to bear in mind that such transient microscopic emboli are almost invariably too small to cause
occlusion of the main ocular arteries and produce the
devastating permanent visual loss of GCA. Thus, there

is no convincing evidence that ophthalmic ischemic
manifestations occur as a direct consequence of reactive thrombocytosis in GCA, particularly with the
rather moderate increases in platelets seen in GCA
patients.
It seems the whole controversy on the association of
thrombocytosis in GCA and ischemic lesions has
emerged from confusing essential thrombocytosis and
polycythemia vera with reactive thrombocytosis (seen
in GCA). It is well known that patients with essential
thrombocytosis and polycythemia vera have a high risk
of thrombotic involvement of major vessels and the
microcirculation [162]. However, reactive thrombocytosis associated with GCA is not the same thing as
essential thrombocytosis and polycythemia vera – the
latter two are chronic, progressive, myeloproliferative
disorders of insidious onset, with a much higher platelet
count. As discussed above, there is no convincing evidence that ischemic manifestations occur as a direct
consequence of reactive thrombocytosis in GCA, particularly with the rather moderate increases in platelets
[142]. So there is little justification for giving aspirin or
other platelet anti-aggregating agents to prevent visual
loss in GCA. Gonzales-Alegre et al. [149] also found no
evidence to support the idea of starting platelet aggregation inhibitors to prevent ischemic complications of
GCA. There is also no specific evidence that anticoagulants help to prevent blindness in GCA [57, 103].

Morbidity and Mortality of GCA Patients
on Corticosteroid Therapy
All GCA patients are treated with systemic corticosteroid therapy to prevent visual loss for variable length of
time. There is a common impression among physicians
that GCA patients on prolonged corticosteroid therapy
are at greater risk of morbidity and mortality than the
general population. Therefore, one often hears that
GCA patients should be on systemic corticosteroid
therapy for a minimum period. A review of the literature reveals conflicting information about that topic.
For example, Nesher et al. [122] in a study of 43 consecutive prednisone treated GCA patients, on a mean
follow-up of 3 years concluded that corticosteroid
treatment for GCA may cause major morbidity and
increased mortality, and that the therapeutic regimen in
GCA should be individualized, and the patient’s age,

Morbidity and Mortality of GCA Patients on Corticosteroid Therapy

severity of GCA, and coexistent medical conditions
should be considered. Crow et al. [163], in 44 cases,
concluded that GCA patients were more likely than
age- and gender-matched controls to die within the
first 5 years following diagnosis. Graham [164], in 90
biopsy proven GCA patients on a follow-up of 6 months
to 12 years, reported that those who required a high
maintenance level of corticosteroids (greater than
10 mg daily) experienced a significantly increased
mortality rate. Uddhammar et al. [165] in 136 GCA
patients, found that death due to cardiovascular disease
was increased, and increased mortality was related to
either the corticosteroid therapy itself or insufficient
control of inflammation.
In sharp contrast to those reports, Anderson and
Malmwall [43], on a follow-up of 9–16 years (median
11.3 years) of 90 GCA patients, neither found any
increase in morbidity in their patients compared to the
general population, nor did they see any significant
complications which they could attribute to the corticosteroid treatment. Gouet et al. [32] evaluated 87
temporal artery biopsy proven GCA patients – in 21 of
them corticosteroid therapy could be discontinued
after 36 months on average but the other patients could
not be weaned, even though 4 of them had been on
steroids for more than 10 years. They found that in the
long run the mortality rate of GCA patients was exactly
the same as in the general population. Gran et al. [166]
compared deaths among the 64 GCA patients and their
controls, and found no difference in mortality (RR = 1.2,
95% CI 0.55–2.74). The mean initial dose of prednisolone, the mean maintenance dose of prednisolone, and
the mean initial ESR and CRP did not differ between
survivors and those dying during the observation
period. Nuenninghoff et al. [167] in a study of 168
residents of Olmsted County, Minnesota, USA, found
that, overall, mortality in the whole group of patients
with GCA with large-artery complication was similar
to that in patients with GCA without large-artery complication. Pipitone et al. [168] found that mortality
rates of GCA patients are comparable to those of the
general population, but there is evidence for an
increased frequency of potentially life-threatening
ischemic events, such as myocardial infarction and
cerebrovascular accidents, especially early on in the
disease course. The risk conferred by the disease
appears to decrease with time, presumably as a consequence of glucocorticoid treatment, whereas it can
remain significantly elevated in patients whose disease
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activity is not sufficiently controlled by the treatment.
As discussed below, it is well-established that GCA
can result in myocardial infarction or strokes due to
involvement of the corresponding arteries. GonzalezGay et al. [169] concluded that although ischemic
complications, in particular irreversible visual loss or
aortic aneurysmal disease, may occur in patients with
GCA, most population-based studies have shown no
excess mortality in GCA and PMR. That was also
shown by our study [21] of 145 temporal artery biopsy
proved GCA patients. Among patients with visual loss,
17 were already diabetic (5 of them on insulin) when
they developed GCA and one patient developed it during follow-up, while among those without visual loss 3
were already diabetic (1 on insulin) and one developed
diabetes during follow-up. Giving long term corticosteroid therapy to these diabetics did not pose a problem
while their physicians regulated their diabetes as
before.
To place this controversy in proper perspective, one
has to go to the basic aspects of GCA. In this disease
systemic vasculitis causes vascular occlusion which is
the primary cause of major complications, e.g., visual
loss, myocardial infarction, cerebrovascular disorders
and other serious arterial occlusive diseases. Systemic
corticosteroid therapy is given to control vasculitis and
thereby prevent arterial occlusion. If vasculitis is not
controlled adequately because of insufficient corticosteroid therapy or stopping it altogether prematurely for
fear of corticosteroid therapy side-effects (a common
phenomenon in my experience), that can result in death
due to arterial occlusion causing myocardial infarction, cerebrovascular disorders and other serious arterial occlusive diseases. I have emphasized that patients
do suffer visual loss when they are not treated with
adequate amounts of corticosteroid therapy either initially or later on, or if corticosteroid therapy is stopped
altogether. Under such circumstances, it is the inadequate control of vasculitis and not the corticosteroid
therapy per se which is responsible for higher morbidity and mortality in GCA. Pipitone et al. [168] rightly
pointed out that there is evidence for an increased frequency of potentially life-threatening ischemic events,
especially early on in the disease course, and that risk
decreases with time, presumably as a consequence of
corticosteroid therapy controlling the vasculitis,
whereas it can remain significantly elevated in patients
whose disease activity is not sufficiently controlled by
the treatment. My studies in about 300 GCA patients
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fully support this view. A good control of vasculitis by
corticosteroid therapy is the most important consideration not only to prevent visual loss but also to reduce
morbidity and mortality from vasculitis involving other
large vessels in GCA. The only reliable guides to the
activity of the GCA are the levels of ESR and CRP
(particularly the CRP level) [21], and not the universally advocated systemic symptoms; that may be the
culprit in inadequate control of vasculitis, causing life
threatening complications, which are erroneously
attributed to corticosteroid therapy.
I must comment on a very important topic, the sideeffects of corticosteroid therapy. Many physicians are
uncomfortable treating patients, particularly the elderly,
with high-dose steroid therapy and on a long-term therapy. Over 45 years, I have treated not only 300 GCA
patients but also several thousand patients for a variety
of serious acute ophthalmic diseases, including scleritis,
orbital myositis, uveitis, retinal vasculitis and other acute
vision threatening eye diseases. Based on that clinical
practice, I find that corticosteroid therapy can be used
safely, provided patients are followed closely and meticulously. I find that there seems to be a good deal of misinformation, almost amounting to a phobia, about this
therapy in the medical community. No doubt corticosteroid therapy is associated with systemic side-effects,
which differ markedly from patient to patient; however,
in my dealings with these patients, I have found that the
side-effects can be adequately managed by close follow-up and proper medical care. There is also a prevalent impression among physicians that “no dose is safe”.
In my prolonged careful follow-up of these patients, I
have found that a small maintenance dose of about 5 mg
Prednisone or so, taken daily to keep the disease under
control, for as long as 10 or 15 years, never produced any
side-effect attributed to corticosteroid therapy. That is a
perfectly safe dose for prolonged maintenance treatment.
My studies, following these patients closely for the past
45 years, do not support the prevalent impressions about
the side-effects of very low-dose corticosteroid therapy.

older age, elevated CRP and disc swelling. GonzalesGay et al. [61], in a retrospective study, investigated
this in 239 biopsy positive GCA patients. Visual
involvement was observed in 69 patients. The predictors of permanent visual loss were amaurosis fugax,
jaw claudication, normal levels of liver enzymes, and
absence of constitutional syndrome. After adjustment
for the treatment regimen (intravenous pulse methylprednisolone versus oral prednisone), early treatment
(within the first day of visual loss) was the only predictor of improvement. In my experience, the most
important factors for permanent visual loss in GCA
are: (i) late diagnosis of GCA, (ii) consequently late
start of high-dose corticosteroid therapy, (iii) inadequate corticosteroid therapy, (iv) therapy guided only
by systemic symptoms and not ESR and CRP levels,
and (v) corticosteroid therapy stopped early altogether. I have seen that time and again.

Predictors for Permanent Visual
Loss in GCA
Loddenkemper et al. [114] retrospectively reviewed
90 consecutive patients with biopsy positive GCA and
found risk factors for progressive visual loss included
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Patient Education About Systemic
Corticosteroid Therapy in GCA
This is most critical in the management of GCA
patients. As a rule, before starting a patient on highdose corticosteroid therapy, I make sure to have full
discussion about the following aspects of the therapy
with them, to educate the patient about the disease and
treatment.
1. The first, most important point is that the whole
objective of treatment is to prevent any further visual
loss [20, 21] and that there is practically no chance
of recovering the existing visual loss [19, 21]. This
is critical for the success of corticosteroid therapy as
well as the patient’s compliance with the long-term
corticosteroid therapy. There is almost invariably an
impression among patients that intensive corticosteroid therapy (particularly the intravenous therapy)
is going to result in visual improvement. Since that
is not going to happen in the vast majority, the
patient who believes that will be disappointed and
may stop corticosteroid therapy, which is going to
put him/her at risk of further visual loss which is
preventable in GCA with the continued adequate
corticosteroid therapy. They may then go on having
further consultations with other ophthalmologists to
try to get visual improvement and waste a lot of

Unique Experience of Giant Cell Arteritis

2.

3.

4.

5.

money without achieving anything. Thus, it is essential to make it absolutely clear at the beginning that
the whole purpose of treatment is to prevent any
further visual loss and not to regain any lost
vision.
I also stress that during the first 5–6 days of starting
the high-dose corticosteroid therapy, there is a risk
of further visual loss in spite of the treatment. If
they do not know that and it happens, then that
could result in them thinking that they were not
treated properly (which could result in medico-legal
problems). I tell them that if they do not lose vision
during that the first week of the therapy and they
continue to take corticosteroid therapy in adequate
dose during follow-up, then I guarantee that they
will not lose any more vision. My guarantee has
never failed with any of the several hundred GCA
patients under my care over 40 years, as long as
they follow the regimen of corticosteroid therapy
discussed above.
I stress that most probably this may be a life-long
treatment, to prevent any visual loss, but at a much
lower and safer dose finally. This is also important
because most patients are under the impression that
they will need treatment only during the acute
phase, as with most illnesses
I also explain fully the various side-effects of short
and long term corticosteroid therapy, and how to
cope with those. This is also crucial, because if
side-effects do develop and the patient is not prepared for them, there is a high likelihood that the
patient will stop therapy, may not return for followup, and may suffer further visual loss. A patient
who is prepared for side-effects and knows that the
alternative to treatment is the risk of blindness is a
co-operative, successful patient. In GCA, as in
most other rheumatological diseases, the corticosteroid therapy is purely suppressive and not curative; the vast majority of patients require a highly
variable, carefully adjusted maintenance dose for
perhaps the rest of their life. I make them fully
aware of this fact. I have never had a patient so far
who opted to stop corticosteroid therapy because
of side-effects.
I point out that they must not suddenly stop or cut
down corticosteroid therapy on their own because
that can result in serious complications. With the
development of side-effects, they may do that, with
hazardous consequences both for visual loss as well
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as systemic complications. Therefore, a careful
regular follow-up with the physician is essential.
6. I tell them that I am always available in case there is
any question or problem.
Over the years I have had tremendous co-operation
and compliance from my GCA patients, some of whom
I have followed for 20 years or even longer.

Misconceptions About Preventing
Visual Loss in Arteritic AION and GCA
1. That to diagnose GCA, the patient must have systemic symptoms and signs of GCA. My study
showed that 21% of GCA patients have no systemic
symptoms and signs whatsoever and the only presenting sign is visual loss, i.e., occult GCA [14]
2. That to diagnose GCA, the patient must have
elevated ESR. As discussed above (also in Chap. 11),
it has been shown that normal ESR does not rule out
GCA.
3. That corticosteroid therapy can be tapered according to a set regimen [23]. As discussed above, it has
been shown that there is marked inter-individual
variation in the tapering regimen of steroid therapy
and NO “one size fits all”.
4. That steroid therapy can be regulated by using clinical symptoms and signs of GCA. That is not valid
to prevent visual loss. The only reliable method is
to use ESR and CRP as the guideline.
5. That steroid therapy can be stopped after 1–2 years
because the disease “burns itself out”. That is not
true at all. A vast majority of patients require lifelong steroid therapy to prevent visual loss.

Unique Experience of Giant Cell Arteritis
I have investigated and published on various aspects of
giant cell arteritis during the past 40 years. In April
2011, ironically, I myself was diagnosed to have occult
giant cell arteritis. The disease was originally suspected when testing revealed that I had an unexplained
elevated erythrocyte sedimentation rate and C-reactive
protein which were very high for me. This was confirmed on temporal artery biopsy, which showed
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c lassical pathological findings, i.e. presence of multinucleated giant cell (Fig. 13.5a), absence of internal
elastic lamina in the area of scar (Fig. 13.5b), and presence of epithelioid histiocytes in intima (Fig. 13.5c).

Figure 13.6 shows my erythrocyte sedimentation rate
and C-reactive protein response to 80 mg Prednisone
for 3 weeks – this response is an exact replica of what
I found in my studies (see Fig. 13.2).

a

b

Fig. 13.5 (a) It shows a high
magnification of a multinucleated giant cell inside the
internal elastic lamina.
(b) Elastic stain shows
absence of internal elastic
lamina (dark black wavy line)
in area of scar. (c) This shows
high magnification of
scattered epithelioid
histiocytes in intima
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Fig. 13.5 (continued)
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Fig. 13.6 Graphs of
C-reactive protein (CRP)
levels (Left figure) and of
erythrocyte sedimentation
rate (ESR) levels (Right
figure) showing their initial
responses to Prednisone 80
mg daily for 3 weeks and
then 70 mg daily. Y axis in
the left figure shows CRP in
mg and in the right ESR in
mm/hr Westergren
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Conclusions
GCA is the most important medical emergency in
ophthalmology, because of its high risk of visual loss,
which is preventable if these patients are diagnosed
early and treated immediately and aggressively. This
obviously raises two critical issues about management of GCA: (1) how can a definite diagnosis of
GCA be quickly established? and (2) what is the
proper treatment to prevent blindness? I have discussed both these issues in detail above, and the controversies surrounding them, in the light of findings of
my studies.
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My 27-year clinical study [21] dealing with corticosteroid therapy in GCA has shown that if there is a
reasonable index of suspicion of GCA, high doses of
systemic corticosteroid therapy must be started
IMMEDIATELY, as an EMERGENCY MEASURE.
It is not advisable to wait for the result of the temporal artery biopsy, because by the time it is available,
the patient may have lost further vision irreversibly in
one or both eyes. The temporal artery biopsy should be
done as soon as possible but not necessarily the same
day; starting the corticosteroid therapy does not interfere with the biopsy results. I have briefly described
the regimen of corticosteroid therapy in GCA patients
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which, in my study, I have found to be safe and effective in preventing visual loss. ESR and CRP are the
two most reliable and sensitive parameters to monitor
GCA activity and to regulate corticosteroid therapy,
and not the clinical picture or systemic symptoms of
GCA. Patients with GCA show marked inter-individual variation in the dose and duration of corticosteroid therapy required, so that therapy must always be
individualized and no generalization is possible. My
data show that most GCA patients require corticosteroid therapy almost indefinitely. The overall management of GCA is taxing and laborious, for both the
patient and the physician, and it requires the trust and
cooperation of all, including the patient’s local physician, because of the systemic side-effects of the prolonged corticosteroid therapy.
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Pathogenesis of Classical Non-arteritic
Anterior Ischemic Optic Neuropathy

Non-arteritic anterior ischemic optic neuropathy
(NA-AION) is the most common type of ischemic
optic neuropathy. Although findings of sudden onset
of segmental visual field defect, initially with optic
disc edema with a few peripapillary hemorrhages and
later on optic atrophy were reported in the very early
literature, the pathogenesis and management of
NA-AION had been the focus of continuing controversy. To explain its pathogenesis, multiple theories
have been postulated, varying from some degree of
logic to some quite preposterous. NA-AION was
referred to in the past as the “arteriosclerotic” variety,
to distinguish it from arteritic AION associated with
giant cell arteritis (GCA). It seems Uhthoff in 1924
first described three cases of the arteriosclerotic type
[1]. The next major description seems to be by Francois
et al. in 1956 [2]; they described this clinical entity
under the title of “vascular pseudopapilitis”, and
stressed the etiological importance of arteriosclerotic
small vessel disease.
To find a rational management for a disease, the
first essential is to understand its pathogenesis.
Therefore, to begin with, a detailed discussion of the
pathogenesis of NA-AION is crucial.

Histopathology of the Optic Nerve
in NA-AION
Pathological studies provide important information
about the pathogenesis of a disease. Unlike arteritic
AION due to GCA (see Chap. 12), there are only a few
histopathology reports of NA-AION, because, in contrast to GCA, it is not a systemic disease with a risk of
death. We have the following information available on
histopathology in NA-AION.
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Knox and Duke [3] reported a 55-year old man with
visual loss for 2 weeks who committed suicide while
in the hospital. The patient had occlusion of the left
common carotid artery and generalized arteriosclerosis.
Histopathology revealed edema of the temporal half of
the optic nerve head. The optic nerve just posterior to
the lamina cribrosa showed, in the temporal part, a
focal necrosis and swollen and fragmented nerve
fibers, with distension of the lamina cribrosa.
Lieberman et al. [4] described a 68-year old man who
had had no ophthalmologic examination and died of
septicemia; only postmortem information about his
eyes and optic nerve was available. The short posterior
ciliary artery (PCA) entering the choroid near the
center of the macula was occluded by fibrincontaining thrombus. There was no outer retinal or
retinal pigment epithelial change. The optic nerve
showed focal infarction 3 mm behind the lamina cribrosa in the region of a thromboembolic occlusion of
three discrete pial and pia-derived arterioles. There
was loss of astrocytes, nerve fibers and myelin, and a
mild infiltration of swollen histiocytes (Gitter cells) in
the infarcted region. In view of the lack of any prior
ophthalmic information, it is hard to determine the full
implications of their findings. They did not find mucopolysaccharide deposition in the area of infarction.
Guyer et al. [5] reported histopathological changes in
a patient with non-Hodgkin’s mixed-cell lymphoma
with bilateral ischemic optic neuropathy and retinal
vascular occlusions. Bilateral NA-AION developed –
in the left eye 2 weeks and right eye 1 week before
death. Histopathology revealed necrosis of the right
optic nerve head and the left optic nerve head had ischemic infarction. Both nerves showed fibrovascular pial
septal infiltration by tumor from the eyeball to the distal 2–3 mm of the intracanalicular portion. Tumor cells
were crowded in the extravascular area. The nerves
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were slightly swollen with ischemic necrosis and general loss of cellularity and myelin staining of all nerve
fiber bundles from the eyeball to the mid area of the
intracanalicular part; the infarcted area tapered to a
0.5 mm central area. The central retinal artery (CRA)
and central retinal vein of the right eye and CRA of the
left eye were occluded by thrombi with bacteria. Thus,
this patient had both anterior (AION) and posterior
(PION) ischemic optic neuropathies and central retinal artery occlusion in both eyes, as well as central
retinal vein occlusion in the right eye. Knox et al. [6]
described histopathological changes without differentiating them into arteritic and non-arteritic ischemic
optic neuropathy. The time interval between the onset
of ischemic optic neuropathy and histopathological
study in their cases varied from 1 day to as long as
3 years. The histopathologic criteria for a diagnosis of
ischemic optic neuropathy used by them were the
presence of localized ischemic edema, cavernous
degeneration, or an area of atrophy located superior or
inferior in the optic nerve. They combined that information with the cases reported in the literature till
1993, with a history of abrupt loss of vision [7–20].
They reported histopathological changes in 193 eyes
with ischemic optic neuropathy (a combination of
their own and those reported in the literature), but,
unfortunately, their study had a mixture of both arteritic and non-arteritic AION which makes it hard to
determine the reliability of its findings for NA-AION,
although in both types of ischemic optic neuropathy
the site of lesions is in the optic nerve head. They
found: “Cavernous degeneration was present in 69
nerves (36%). Mucopolysaccharide (MPS) was present in 37 cavernous lesions 1 month or longer after
loss of vision. Cavernous lesions were seen in three
eyes in which peripapillary retinal nerve fiber layer
hemorrhage had been observed prior to death. Atrophic
lesions, the most common pattern, were observed in
133 optic nerves (66.8%). More than one ischemic
lesion was seen in 38 optic nerves (19.7%). Bilateral
ischemic lesions were seen in 50 (35.2%) of 142 paired
eyes.” They concluded that “ischemic optic nerve
lesions are initially acellular and later show macrophage infiltration. Cavernous lesions with MPS are
present 4 weeks or longer after vision loss. The location of MPS posteriorly and along the internal margin
suggests that MPS is produced at the edges of lesions.”
They postulated that progressive vision loss in ischemic
optic neuropathy may be secondary to compression of

intact nerve from ischemic edema and cavernous
swelling, or a second ischemic lesion.
Ellenberger and Netsky [21] studied 40 optic nerves
in persons over the age of 45 years. They found diffuse
thickening of the PCAs and arterioles within the nerve.
They considered these changes due to atherosclerosis
and arteriosclerosis.

Histopathological Reports of a Case
by Levin and Colleagues [22, 23]
I find this case very interesting and instructive, requiring a detailed discussion. They reported histopathological findings in NA-AION in a 70-year old man.
The patient had peripheral vascular disease (including
femoral-popliteal grafting), coronary artery disease,
congestive heart failure, atrial fibrillation, hypertension
and renal failure. He had thrombolectomy for femoralpopliteal thromboembolism. The patient “experienced
sudden, painless loss of vision in the left eye the morning after thrombolectomy of an aortofemoral graft”.
On examination his visual acuity was 9/200 and there
was an inferior altitudinal field defect. He was diagnosed to have NA-AION [22]. He died 20 days after
the onset of NA-AION from complications of renal
failure, pancreatitis and hypercalcemia. The eye was
removed 12 h and 25 min after death, fixed in formalin
and serially sectioned [23]. This eye formed the basis
of the following two reports by that group.
1. Levin and Louhab [22] reported a loss of axons in
the superior part of the optic nerve and a moderate
amount of gliosis in this area. The cavernous spaces
contained hyaluronidase-sensitive Alcian blue-positive material, consistent with Schnabel’s cavernous
atrophy. Pial septa were intact. On the margin of the
infarct, areas of hypercellularity with relatively preserved axonal elements were present. No emboli
were seen in pial, PCA or CRA. They identified
retinal ganglion cells undergoing apoptosis, and
stated that the most likely explanation for the apoptosis is the injury to the retinal ganglion cell axon.
2. Tesser et al. [23], in the same optic nerve, on serial
sections, studied the three-dimensional anatomic configuration of the infarct in NA-AION. They identified
and reconstructed the area of axonal loss within each
section of the optic nerve. The loss was in the superior

Histopathology of the Optic Nerve in NA-AION

267

part of the nerve, encircling the CRA at its greatest
extent. Remaining areas of the nerve appeared healthy,
and, notably, the periphery of the uninvolved inferior
portion of the nerve was normal. Three-dimensional
analysis revealed two distinct areas of infarct at the
posterior extent of the lesion which coalesced toward
the center of the lesion and finally tapered as the infarct
reached the optic nerve head. Sagittal reconstructions
gave the appearance of a two-pronged fork posteriorly
connecting to a single “handle” anteriorly. The total
length of the nerve involved by the infarct was approximately 1.5 mm. Based on their findings they concluded that: “The morphology of this NA-AION
infarct is not consistent with disease of large or small
vessels and, more likely, represents a form of compartment syndrome that causes tissue ischemia.”
Unfortunately, while their findings are valuable, their
interpretation and conclusion are not correct. A full discussion of this important case is required to explain why
their conclusion is not valid and what new information
it provides us about pathogenesis of NA-AION.
To understand the mechanism of the development
of infarct in the axial part of the optic nerve in this
case, it is crucial to consider the following facts about
the blood supply of the optic nerve.
1. The location and distribution of the infarct was
exactly in the region of distribution of fine intraneural branches of the CRA supplying the superior
axial part of the optic nerve. In this connection, it is
essential to consider the role of the CRA in the

blood supply of the optic nerve. The CRA gives out
the following two sets of branches to supply the
anterior part of the optic nerve:
(a)	Pial Branches: Before entering the optic nerve,
the CRA during its intravaginal course (i.e. on
the pial surface of the optic nerve before entering
the optic nerve) gives pial branches in 100% of
cases [24, 25]. They contribute to the peripheral
centripetal vascular supply of the anterior part of
the optic nerve – invariably the inferior part and
less frequently the medial and lateral parts of the
optic nerve (Fig. 14.1).
(b)	Intraneural Branches: During its intraneural
course within the optic nerve, the CRA gives
one to eight branches in 75% of the cases [24,
25]. They constitute the centrifugal vascular
supply system of the axial part of the optic
nerve when those branches are present. There is
wide interindividual variation in the area supplied by these intraneural branches (Figs. 14.1
and 14.2).
2.	I have always stressed to my residents and fellows
that it is a patient who is coming to see an ophthalmologist and not an eyeball, optic nerve, retina,
cornea or other parts of the eye. What matters is not
only what is going on in the eye or the optic nerve,
but in the patient as whole. Unfortunately, that fact
is often completely ignored, resulting in misleading
information and wrong conclusions. This is of fundamental importance in this patient for the following reasons:
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Fig. 14.1 Schematic
representation of blood supply
of the optic nerve (Modified
from Hayreh [26]). A
arachnoid, C choroid, CRA
central retinal artery, Col. Br.
Collateral branches, CRV
central retinal vein, D dura,
LC lamina cribrosa, ON optic
nerve, PCA posterior ciliary
artery, PR prelaminar region,
R retina, S sclera, SAS
subarachnoid space
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Fig. 14.2 Course of the
central artery of the retina
(CAR) as seen from below,
before (*) and after its site of
penetration into the optic
nerve (ON). Its intraneural
(I/N) course is seen on
splitting open the optic nerve
anterior to the site of
penetration. It shows branches
of the central artery of the
retina – two (1, 2) before its
penetration (PPN) into the
optic nerve, and six (3–8)
during its intraneural course.
(b) is Camera Lucida drawing
of (a) for better clarity
(Reproduced from Hayreh [24])
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(a)	This patient [22, 23] had peripheral vascular disease, coronary artery disease, congestive heart
failure, atrial fibrillation, hypertension and renal
failure, and underwent thrombolectomy for femoral-popliteal thromboembolism. Following that,
his hematocrit dropped to a very low level and he
had four units of blood transfusion. The patient
developed visual loss in the left eye the morning
after thrombolectomy. That means he had severe
vasculopathic changes in all his arteries, including the CRA and its fine intraneural branches,
and several other vascular problems. He died
from complications of renal failure, pancreatitis
and hypercalcemia. The statement by the authors
that: “The morphology of this NA-AION infarct
is not consistent with disease of large or small
vessels” is not at all consistent with the presence
of widespread marked systemic arterial disease.
(b)	The patient “experienced sudden, painless loss of
vision in the left eye the morning after thrombolectomy of an aortofemoral graft”. For his
various cardiovascular problems, he must have
been prescribed various drugs which are potent
arterial hypotensives. Unfortunately the authors

gave no information about the medications or the
time those were taken. This information is
extremely pertinent in all NA-AION cases
because multiple arterial hypotensive drugs, particularly those administered in the evening or
before going to bed, are a potent source of nocturnal arterial hypotension (as was very well
demonstrated in my 24-h ambulatory blood pressure monitoring in more than 700 patients [27–
29]). In our study [30] on the time of onset of
NA-AION, we found that 73% discovered the
visual loss on waking up from sleep or the first
opportunity to use the vision critically thereafter,
while the remainder were not sure of the time of
onset, suggesting that more than 73% actually
developed NA-AION during sleep. It is well
established that during sleep there is nocturnal
arterial hypotension, which acts as the precipitating factor for the development of NA-AION in
persons with predisposing risk factors. This
patient had all the possible predisposing risk factors one can think of.
3.	There is a universal misconception that unless one
can demonstrate on histopathology the presence of

Histopathology of the Optic Nerve in NA-AION

actual occlusion, thrombus or embolus, optic nerve
damage cannot be attributed to the “disease of large
or small vessels”. This is not always true. I have
stressed time and again that NA-AION in the vast
majority is caused by transient hypoperfusion or
nonperfusion of the optic nerve head vascular bed
during sleep due to nocturnal arterial hypotension
in persons with various predisposing risk factors
[30–32]. This has been very well documented in my
fluorescein angiographic studies in NA-AION. (I
perform fluorescein angiography in all patients with
NA-AION). In arteritic AION there is occlusion
of the PCAs (see angiograms in Figs. 3.24, 3.25,
3.28–3.34, 3.36, 3.37, 3.43, 3.49 and 3.50; by sharp
contrast, in the vast majority of NA-AION eyes
there is NO actual occlusion of the vessels in the
optic nerve head but only transient hypoperfusion
(see Fig. 14.3).
In such a complex scenario, let us put all these factors together to understand what caused the development of infarct in the axial part of the optic nerve
and NA-AION in this case.
(a)	The patient had peripheral vascular disease
(including femoral-popliteal grafting), coronary
artery disease, congestive heart failure, atrial
fibrillation, hypertension and renal failure. He
had femoral-popliteal thromboembolism; thus,
he had severe generalized vasculopathy. There
must have been marked vascular changes in the
CRA as a part of that, and in its fine intraneural
branches supplying the axial region of the optic
nerve. Thus, the statement by the authors that
“The morphology of this NA-AION infarct is
not consistent with disease of large or small
vessels” is not accurate.
(b)	The patient must have been taking multiple
drugs for his coronary artery disease, congestive heart failure, atrial fibrillation, hypertension and renal failure. It is well-known that
most of those are powerful hypotensive drugs.
Their administration at bedtime causes a marked
degree of nocturnal arterial hypotension, as
demonstrated by our [27–29] 24-h ambulatory
blood pressure recording. This is further supported by the fact that he noticed his visual loss
the morning after thrombolectomy
(c)	In the vast majority of patients, NA-AION is
produced by transient hypoperfusion or nonperfusion of circulation in the optic nerve head
during sleep, caused by the fall of perfusion
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a

b

Fig. 14.3 Two fluorescein fundus angiograms at 6-s interval in
a patient with NA-AION. (a) During the retinal arterial phase of
the dye circulation (15 s after the injection of fluorescein), shows
no filling of the temporal, superior and inferior peripapillary
choroid and superior choroidal watershed zone (arrow), and the
optic disc, with normal filling of both the medial and lateral posterior ciliary arteries. (b) During the retinal arteriovenous phase
of the dye circulation (21 s after the injection of fluorescein),
there is complete filling of the peripapillary choroid (main
source of blood supply to the ONH) and the watershed zone.
These angiograms illustrate the most important point that in
NA-AION there is only delayed filling of the peripapillary choroid and the watershed zone and no occlusion of the PCA

pressure in the optic nerve head vessels below a
critical level without any actual occlusion of its
vessels [31–33]. Therefore, histopathology
would not show any occlusion of the fine vessels in the optic nerve head.
Thus, when all these facts are put together, a clear
picture emerges. In a highly vasculopathic person, morphological changes in the CRA and its fine intraneural
branches predisposed the optic nerve to ischemic damage. Under such circumstances, the sequence of events
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for development of NA-AION was most probably as
follows: nocturnal arterial hypotension ® fall of perfusion pressure below the critical level in the intraneural
branches of the CRA ® development of axial infarct in
the optic nerve ® NA-AION. There was no demonstrable histopathological vascular occlusion because there
was only transient hypoperfusion or nonperfusion during sleep and no actual occlusion caused by thrombosis
or embolism. In classical NA-AION, which is primarily
due to involvement of the PCA circulation to the optic
nerve, fluorescein fundus angiography has almost invariably shown hypoperfusion or nonperfusion in the peripapillary choroid or PCA watershed zones, but no actual
occlusion (see Fig. 14.3). Unfortunately, lack of knowledge of this complex scenario misled the authors.
I have entered into this lengthy discussion about the
mechanism of development of NA-AION in this
patient, because the histopathological report by Tesser
et al. [23]. shows for the first time that in some patients
NA-AION can be caused by ischemia of the axial part
of the anterior optic nerve supplied by the intraneural
branches of the CRA, although in classical NA-AION
it is due to circulatory impairment in PCA circulation
supplying the optic nerve head, which can almost
invariably be demonstrated on fluorescein fundus
angiography during the very early stages. By contrast,
unfortunately, it is not possible to get that information
clinically when it is due to impaired circulation in the
axial circulation supplied by the central retinal artery.

Site of Lesion in AION as a Whole
Information about this is best provided by a large number of histopathological studies dealing with arteritic
AION, discussed in detail in Chap. 12. Those studies
showed that the site of the lesion in AION is in the optic
nerve head, in the region supplied by the PCA circulation (see Chap. 3), as was also shown by the development of AION after experimental occlusion of the PCA
in rhesus monkeys [34]. Unfortunately, in NA-AION
there are only a few histopathological studies, which
are discussed above; however, they do show that the
area involved is the same as in arteritic AION. Based on
this information, one can conclude the following:
1. Like arteritic AION, the site of lesion in the classical NA-AION is in the area supplied by the PCA
circulation in the optic nerve head [31–33].

2.	However, as discussed above, the case reported by
Tesser et al. [23] shows for the first time that, in
some patients, NA-AION can be caused by ischemia of the axial part of the optic nerve supplied by
the intraneural branches of the CRA.

Historical Review of the Various
Hypotheses on Pathogenesis of NA-AION
Since I have been actively and closely involved with
investigation of the pathogenesis and other features
of NA-AION since 1969, I will discuss in detail the
progression of our knowledge about it. The following brief historical review of the literature is essential
to explain the evolution of our concept about the
pathogenesis of NA-AION over the decades. It
reveals multiple contradictory and thoroughly confusing views. There is voluminous literature. The
discovery in 1969 that the optic nerve head was primarily supplied by the PCA circulation [35] acted
as a watershed between the old concepts and the
new ones.
Historically, we can divide the literature about various theories postulated to explain the pathogenesis of
NA-AION into the following phases:
1.	Old literature on the pathogenesis of AION before
1969
2.	Literature on pathogenesis of NA-AION proposed
since 1969
(a)	Pathogenesis of NA-AION originally postulated by me in 1969
(b)	Pathogenesis of NA-AION proposed by Arnold in 2003
(c)	Pathogenesis of NA-AION proposed by Levin
and Danesh-Meyer in 2008
3. Multifactorial pathogenesis of non-arteritic AION
Following is a brief discussion of each of these
topics.

Review of Old Literature on the
Pathogenesis of AION Before 1969
The site of the lesion in AION was thought to lie in the
optic nerve, although some authors considered it to be
due to involvement of the retina. It was almost

Historical Review of the Various Hypotheses on Pathogenesis of NA-AION

universally agreed that it was due to interference with
the circulation of one of these structures. Skillern and
Lockhart [36], however, thought that AION in diabetes
was due to the toxic effect of prolonged hyperglycemia
and failure of glucose utilization, and did not consider
arterial circulatory disorders a significant factor.
Most authors, while describing a circulatory lesion
in the optic nerve, made vague, nonspecific statements
as to the exact lesion. It was considered to be a circulatory disturbance in the optic nerve [37, 38] due to
pathologic changes [39–43] or occlusive disease
[44–47] of the small vessels of the nerve. Occlusion of
the small nutrient vessels of the optic nerve was generally considered to be due to arteriosclerosis [1, 38–41,
43, 48–55]; others thought the change mainly affected
the CRA [56–59] although Igersheimer [41] and
Rintelen [43] were of the opinion that arteriosclerosis
of the CRA had little effect on the optic nerve. The
possibility that arteritis of vessels of the optic nerve
and retina was responsible was also mentioned [60].
Some authors stated that these small vessel changes
were located in the anterior retrobulbar part of the
optic nerve [12, 50, 61, 62]; while according to others
these were in the vessels of the optic disc [10, 63–65].
Meadows [66] mentioned that there was ischemic
damage to the optic disc and anterior portion of the
optic nerve.
Francois and co-workers [53, 67–70] and others
[47, 71, 72] postulated that AION was due to occlusion
of the “central artery of the optic nerve” (Fig. 14.4)
described by Francois et al. [70, 73–76]. My anatomic
studies on the blood supply of the optic nerve and

Fig. 14.4 Central artery of
the optic nerve, described by
Francois and Neetens [1].
CAON Central artery of the
optic nerve; CRA Central
retinal artery (Modified from
Fig. 9 by Francois and
Neetens [1])
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branches of the ophthalmic artery in 100 human specimens [24, 25, 77–80] and also other studies [81–84]
showed that there was no mythical “central artery of
the optic nerve” corresponding to the description mentioned by Francois et al. [70, 73–76]. Hence, occlusion
of the “central artery of the optic nerve” as the reason
for the development of AION is an exploded concept.
Miller and Smith [85] in 1966 described 11 cases
with NA-AION and called it “ischemic optic neuropathy”. They did not discuss its pathogenesis except for a
brief review of the literature on the subject. They felt
that in diabetics it was due to disease of the small
vessels in the optic nerve. Boghen and Glaser [86],
based on a retrospective study of 29 patients with what
they called “idiopathic ischemic optic neuropathy”
concluded: “At the present time neither the pathophysiology nor anatomical background of primary, nonarteritic ischaemic optic neuropathy is completely
understood. There is no conclusive evidence either
from previous reports or from the present study to
implicate the extracranial carotid system, and the roles
of arteriosclerotic vascular disease and hypertension
are uncertain.”
Interference with the blood supply to the retina was
considered the cause of AION by some workers [60,
87, 88] because CRA pressure fell, as judged by
ophthalmodynamometry. Uhthoff [1] and Smith and
Greene [60] thought it was due to the involvement of
vessels in both the optic nerve and retina.
It is interesting to note that Ellenberger et al. [21]
examined 40 optic nerves of people older than 45 years
for atherosclerosis and arteriosclerosis and found that

CRA

CAON
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changes in the optic nerve vessels were similar to those
seen elsewhere in the body, suggesting that the optic
nerve vessels were constantly involved in systemic
atherosclerosis and arteriosclerosis. In AION, vascular
changes in the optic nerve correlated slightly or not at
all with those in the retina [38, 40].
This brief historical review of the old literature on
the subject reflects the extent of confusion and controversy about the nature of the vascular basis of the
AION. It seems the major factor responsible for controversy was the lack of understanding and contradictory
views about the blood supply of the optic nerve head.

Review of Literature on Pathogenesis
of NA-AION Since 1969
My Postulated Pathogenesis of NA-AION
in 1969
Based on my studies, in 1969 I described the optic
nerve head as primarily supplied by the PCA circulation [35] I made the following observation at that time,
describing for the first time the pathogenesis of AION:
“lschaemic optic neuropathy with a pale oedema of the
optic disc is a well documented condition. It is seen
mostly in elderly persons. The retinal vessels are
normal for the age. There is a sudden complete loss of
vision or development of a variety of visual field
defects, e.g., central, altitudinal, or sectoral defects or
peripheral constriction. This is caused in most cases by
temporal arteritis but may be due to arteriosclerotic
occlusive disorder (Cullen, 1967 [89]). The pathogenesis of the pale oedema of the optic disc and the visual
loss in this condition has been debated by various
authors. The basic lesion is the occlusion of the posterior ciliary arteries, which produces infarction not only
of the disc but also of the retrobulbar part of the optic
nerve by virtue of their distribution to the prelaminar
and lamina cribrosa regions of the optic disc and the
adjacent optic nerve. In patients with cilio-retinal arteries, the retinal area supplied by these vessels is also
seen to be involved. The infarction of the optic disc
leads to the pale oedema. The area of the disc involved
depends upon the extent of PCA involvement, i.e. the
occlusion of the main PCA produces extensive infarction of the disc, but involvement of one small branch
leads to a sectoral lesion. The lesion may progressively

involve more and more of the peripapillary choroid.
The literature contains many histopathological reports
showing the involvement of the posterior ciliary arteries by temporal arteritis and infarction in the optic
nerve. The pale oedema involving only the optic disc
can be produced only by occlusion of the ciliary arterial supply to the disc and not by an occlusion of the
central retinal artery; the latter would produce a generalized oedema of the retina.”
Based on my experience of dealing with a large volume of both arteritic and non-arteritic AION patients
since 1969, the only modification I would make to the
above description is about the stress I laid on “pale
optic disc edema” at that time, which was mainly
because many of the cases that I had seen at that time
were of arteritic AION; however, my subsequent studies showed that that does not hold true for NA-AION,
as discussed regarding the clinical features of NA-AION
in Chap. 16.

Pathogenesis of NA-AION Proposed
by Arnold in 2003
Arnold [90], in 2003, proposed a hypothesis about the
pathogenesis of NA-AION, based on a review of the
literature dealing with: (1) histopathology, (2) electron
microscopic cast, (3) optic nerve head blood flow, (4)
various risk factors, (5) vasospasm and impaired regulation, and (6) cellular mechanism. He [90] concluded
as follows. “(1) structurally crowded optic discs are
predisposed; (2) laminar and retrolaminar regions are
the most common locations for infarction; (3) there is
a flow impairment in the prelaminar optic disc during
the acute phase; (4) lack of consistent choroid flow
impairment and retrolaminar location of infarcts suggest vasculopathy within or distal to the paraoptic
branches of the posterior choroid arteries; (5) diabetes
is the most consistently identified vasculopathic risk
factor; (6) impaired autoregulation of the disc circulation by atherosclerosis, with possible contribution from
serotonin and endothelial-mediated vasospasm may
play a role; and (7) progression may be caused by secondary cell death after the initial ischemic insult or
compression from cavernous degeneration and mecha
nical axonal distortion.”
On first glance, these conclusions seem quite valid.
Let us critically review the various parameters on
which the conclusions by Arnold [90] are based. To
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base conclusions simply on a review of the literature is
likely to involve some serious flaws, because of shortcomings in the originally published studies.
1. Histopathological Studies
These studies are in the vast majority of arteritic AION
cases (see Chap. 12), and only a rare one of NA-AION
of embolic nature, but almost none are of the most
common, typical NA-AION (see above). Infarction of
the retrolaminar optic nerve head is described almost
invariably in AION with occlusion of the PCA (due to
GCA or embolism). Cavernous degeneration is seen
when there is infarction, as documented in eyes with
arteritic AION or following experimental occlusion of
the PCAs [34]. As discussed above, no doubt histopathological studies in arteritic AION have given valuable information about the location of the ischemic
lesion in the optic nerve head when there is severe
ischemia caused by complete occlusion of the PCA;
however, the severity of ischemia is different between
the two types of AION – severe in arteritic AION and
mild to moderate in NA-AION. Occlusion of the PCA
in arteritic AION (see Figs. 3.24, 3.25, 3.28–3.34,
3.36, 3.37, 3.43, 3.49 and 3.50), and also in an occasional eye with emboli going to the PCA (see Figs. 3.27
and 3.35), is well documented on fluorescein fundus
angiography [91] and histopathological studies (see
Chap. 12). By sharp contrast, fluorescein angiographic
studies in NA-AION during waking hours have clearly
shown NO similar occlusion of the PCA or its branches
supplying the optic nerve head; there is simply a slow
and delayed filling of the vascular bed in the peripapillary choroid and/or the choroidal watershed zone, and
of the optic disc [31–33, 91] (Fig. 14.3 above; also see
Figs. 3.39, 3.41, 3.45, 3.52, 3.54, 3.57, 3.58 and 3.59).
This is due to low perfusion pressure in them and that
would be aggravated by nocturnal arterial hypotension
during sleep (the most common time when NA-AION
develops [30]) in persons with predisposing risk factors. This results in mild to moderate ischemia of the
optic nerve head in NA-AION. This differentiation is
extremely critical, because the severity of the ischemia
determines the severity of the ischemic damage, and
that in turn determines the extent of visual loss and
visual recovery. This is very evident from the fact that
in arteritic AION there is practically no visual improvement (see Chap. 12) while in NA-AION about 40%
show visual improvement (see Chap. 17). Thus, histopathological studies, apart from giving us the information about the location of the ischemic lesions, really
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do not give us full information about in vivo conditions
and the pathogenesis of typical NA-AION.
2.	Electron Microscopic Cast Studies Of the Optic
Nerve Head Vessels
No doubt these casts are impressive to look at, but one
must be extremely careful in applying findings from
the postmortem casts to the in vivo circulation. We
have an excellent example of that flaw in the choroidal
vascular bed. Since Federick Ruysch [92] in 1737 first
described findings based on evaluation of casts of the
choroidal vascular bed, a large number of studies have
evaluated corrosion casts of the choroidal and optic
disc vascular bed (examined both by light and electron
microscopy); without any exception, all of them have
concluded that the entire choroidal and optic disc vascular bed, including the choriocapillaris, forms a freely
communicating and uninterrupted vascular bed, with
interarterial and arteriovenous anastomoses. That has
been the classical teaching for almost two and a half
centuries, because of those universal findings. However,
my in vivo experimental [93–96] and clinical fluorescein angiographic studies in the early 1970s [31, 32,
91, 97, 98], dealing with the PCAs and the choroidal
vascular bed, showed the old view to be totally invalid
in vivo, because angiographic studies showed clearly
that the PCAs all the way up to the choriocapillaris
have a strictly segmental distribution, with no anastomoses whatsoever between the adjacent segments at
any level, i.e. the PCAs are end-arteries [99]. The
finding of that pattern, after almost two and a half centuries, explained for the first time why inflammatory,
metastatic and degenerative diseases of the choroid are
localized in nature. That is an excellent example of the
utterly misleading nature of the cast findings as being
applied to the in vivo situation. This shows that one has
to be extremely cautious of applying the findings from
the corrosion casts of the optic nerve head to in vivo
blood flow pattern.
3. Optic Nerve Head Blood Flow Studies
As discussed in detail in Chap. 6, dealing with measurements of the optic nerve head blood flow, all the
methods used so far to measure the optic nerve head
blood flow have serious flaws, so that we have currently
NO method to measure the blood flow in the optic
nerve head reliably [100]. So all the methods upon
which Arnold [90] based his conclusions are flawed to
provide reliable information. His argument that “lack
of consistent choroid flow impairment and retrolaminar location of infarcts suggests vasculopathy within or

274

14

Pathogenesis of Classical Non-arteritic Anterior Ischemic Optic Neuropathy

distal to the paraoptic branches of the posterior choroid
arteries” is flawed, because, as discussed above, in
NA-AION, fluorescein angiography done during the
day usually shows delayed filling only in the peripapillary choroid and/or the choroidal watershed zone and
the adjacent optic disc, but no evidence of complete
occlusion of the PCA [31–33, 91]. We have no means
to determine the blood flow in the paraoptic branches
of the PCA, which play an important role in the blood
supply of the optic nerve head (see Chap. 3) nor to
determine the blood flow in the optic nerve head during
sleep, the time when NA-AION usually develops.
There is another serious flaw in measuring optic
nerve head blood flow during waking hours. It has
been demonstrated by 24-h ambulatory blood pressure
monitoring that the extent of fall of blood pressure is
directly proportional to the depth of sleep, so that blood
pressure during waking hours has little relevance to
that occurring during deep sleep [27, 28]; thus angiographic findings or any other mode of evaluation of the
optic nerve head blood flow during waking hours gives
us no reliable information at all about the state of circulation during sleep.
4.	Various Risk Factors for Development
of NA-AION
NA-AION is a multifactorial disease. As discussed
below, one can divide these risk factors into two categories: (a) predisposing risk factors and (b) precipitating risk factor(s). There is an invariable tendency to
blame one risk factor as the villain, which is totally
mistaken in a multifactorial scenario. A person with
only predisposing risk factors may go through life
without ever developing NA-AION. Moreover, we do
not have the technology and means yet to detect each
and every risk factor, as discussed below. One of the
arguments often put forward by those who believe the
pathogenesis of NA-AION is not yet known is that
some patients with NA-AION are apparently perfectly
healthy and have no known cardiovascular risk factors
and yet develop NA-AION – the fallacy of this concept is discussed below.
5. Vasospasm and Impaired Autoregulation
As discussed in Chap. 5, impaired autoregulation
seems to play an important role but as yet we have no
means to evaluate that in the human. We did assess it
in rhesus monkeys [101] but that is not possible in the
human. Whether, and (if so) how much vasospasm
plays a role in development of NA-AION is not clear,
except that it is theoretically possible in some cases,

e.g., development of NA-AION in migraine or in
persons with atherosclerotic carotid artery disease
associated with release of serotonin [102]. Athero
sclerotic carotid artery disease is not present in all
patients with NA-AION.
6. Cellular Mechanism
Arnold [90] mentions a study where experimental
optic nerve ischemia was associated with elevated levels of glutamate in the overlying vitreous [103]. Some
time ago, the presence of elevated glutamate was
claimed in experimental glaucoma eyes but that study
was found to be flawed [104]. Kwon et al. [105], in
their study on the evaluation of vitreous glutamate
following experimental CRA occlusion in primates,
found no elevation of glutamate at all in the vitreous,
in spite of massive ischemic cell damage caused by
CRA occlusion. That would totally contradict the finding that experimental optic nerve ischemia causes elevated levels of glutamate in the overlying vitreous.
Arnold [90] states that “progression may be caused
by secondary cell death after the initial ischemic insult
or compression from cavernous degeneration and
mechanical axonal distortion.” Unfortunately, we do
not have any scientific evidence in support of this statement. The mechanism of the progression of initial
visual loss in NA-AION is discussed at length elsewhere [106] (see Chap. 16); it does not support the
view of Arnold [90].
In conclusion, one has to evaluate the theory by Arnold
[90] on the pathogenesis of NA-AION in the light of
the above limitations and multiple problems.

Pathogenesis of NA-AION Proposed
by Levin and Danesh-Meyer in 2008
Levin and Danesh-Meyer [107] put forward a new
hypothesis about the pathogenesis of NA-AION. They
hypothesized “that obstruction of venous outflow,
rather than arterial hypoperfusion, is the causative
mechanism of NAION. Vasodilating arteries secondarily block venous outflow in a tight compartment and
thereby cause venous engorgement. In the anterior
optic nerve head, the central retinal artery and vein
share a common adventitial sheath. In a disc at risk,
prolonged arterial dilation within the fibrous sheath
would decrease optic nerve drainage to the central
retinal vein via its tributaries, resulting in optic nerve
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head engorgement, hyperemia, and, ultimately, NAION.”
According to them [107]: (1) “NAION (non-arteritic
AION) often does not have clinical characteristics of
an arterial disease.” (2) “NAION does not have patho
physiological characteristics of an arterial disease.” (3)
“Risk factors for NAION are not specific to arterial
disease.” They hypothesized that in NA-AION “in
many cases the ischemia results from venous congestion.” They have put forward several speculations in
support of their hypothesis, discussed below.
I [108] find that the hypothesis by Levin and
Danesh-Meyer [107] is based more on arm-chair
philosophy than well-established scientific facts
dealing with NA-AION and central retinal vein
occlusion (CRVO). My views, on the contrary, are
based on my extensive, multifaceted studies on the
blood supply of the optic nerve conducted since
1955 (see Chap. 3), on the anatomy of the optic
nerve (see Chap. 2), and experimental and prospective clinical studies on various aspects of NA-AION
(on more than a 1,000 patients) and CRVO (more
than a 1,000 patients).
Levin and Danesh-Meyer [107] stated that
NA-AION is not an arterial disease, in that (they said)
it does not have the clinical and pathophysiological
characteristics of an arterial disease, nor risk factors
specific to arterial disease. But they have overlooked
some well-established, fundamental facts about the
clinical, pathophysiological and risk factors involved
in the pathogenesis of NA-AION, confirmed time and
again by a whole host of studies in the past (discussed
at length elsewhere [32, 33].). It seems the authors
[107] have a poor understanding of the basic facts
about the anatomy of the optic nerve, vascular and
venous system of the optic nerve, and pathogenesis
and clinical features of CRVO and NA-AION, which
have misled them to postulate a hypothesis with no
scientific validity at all.
Very briefly, there is no scientifically valid evidence
in support of any of the following main statements by
the authors:
1. They [107] stated: “The degree of visual impairment
of NAION shows a similar pattern to venous occlusive disease of the central nervous system.” Based
on my basic, experimental and clinical (in about
1,500 cases) studies dealing with retinal venous
occlusive disease and associated changes in the optic
nerve, I find that statement without foundation.
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To explain their hypothesis, they [107] apply the
concept of “cytotoxic and vasogenic edema” from
the brain to the optic nerve. This is completely
invalid for several reasons. The morphology, vascular pattern and many other basic aspects of the optic
nerve are totally different from those of the brain.
For example, unlike the brain, in the optic nerve
behind the prelaminar region, the blood vessels lie
in the fibrous septa of the optic nerve, separated
from the nerve fiber bundles. There is no grey matter in the optic nerve. The so-called “congestion” of
the venous tributaries in the septa is incapable of
causing edema or ischemia of the axons in the nerve
fiber bundles and optic disc edema. Thus, to apply
automatically findings from the brain to the optic
nerve in this case is to ignore the known facts.
2. The authors [107] stated that there is “occlusion of
CRV tributaries”. They [107] further state that “the
clinical picture of CRV occlusion probably reflects
occlusion of the CRV anteriorly and resultant hemorrhage and leakage of capillaries within the retina
that drain into retinal veins.” My prospective studies on central retinal vein occlusion absolutely contradict this statement. Almost all central retinal vein
occlusion eyes develop optic disc edema, but in my
study of more than a 1,000 eyes with CRVO none
developed NA-AION attributable to CRVO. If the
hypothesis of the authors were valid, the vast majority should have suffered associated NA-AION.
3. They [107] stated that “Increased venous pressure
from sleep apnea or recumbency during sleep may
contribute to a cascade of events leading to
NA-AION.” It seems the authors are not aware that
in obstructive sleep apnea there is actually an
increase in sympathetic activity, vasoconstriction
and increase in blood pressure during sleep [109].
4. According to them [107], “Vasodilation of the CRA
can compress the CRV and its tributaries within
their shared sheath. This mechanism would explain
NAION in the setting of prolonged hypotension,
nocturnal hypotension, shock, or phosphodiesterase-5 inhibitor erectile dysfunction drugs, all
of which are characterized by arterial dilation.”
There is no evidence whatsoever that there is dilation of the CRA in these conditions. It seems the
authors are not aware of the various factors that
influence the blood flow in the optic nerve head
(see Chap. 5) and the role arterial hypotension plays
in that [110].
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5.	They [107] contend that “Decreased venous outflow within the anterior optic nerve would not be
expected to cause the hemorrhagic retinal findings
of CRVO or delayed retinal venous filling because
there are significant collateral venous drainage
pathways from the retina.” All of my central retinal
vein occlusion studies contradict this statement.
6. They [107] state that “Cilioretinal artery occlusion,
which often occurs in conjunction with CRVO, may
be the result of a congested CRV causing secondary
cilioretinal artery compression”. This is an invalid
statement. In our study [111] of 38 such eyes, we
discussed fully the mechanism of cilioretinal artery
occlusion in central retinal vein occlusion.
7.	Levin and Danesh-Meyer [107] reasoned that
“Although diabetes predisposes to both arterial and
venous disease, it also is associated with capillary
endothelial leakage and would be expected to produce
more vasogenic edema for a given amount of venous
pressure elevation.” A study dealing with 931 eyes
with NA-AION (306 in diabetics, and 625 in nondiabetics) lends no support to this speculation [112].
8. Their [107] explanation for development of incipient NA-AION is not valid. The pathogenesis of this
condition is discussed at length elsewhere [113] and
in Chap. 15, which contradicts their statement.
It seems the authors’ [107] arguments are primarily
based on their concept of what happens in the brain.
In Medicine, there has been a frequent tendency to
carry over findings from disease of one organ to
explain pathogenesis and management in another
organ, irrespective of the fact that there are morphological, physiological, pathogenetic and other major
differences between the two; this is true of the optic
nerve and brain as well. We have several examples
where applying findings from other organs has resulted
in misconceptions and mismanagement of diseases.
Following are just two examples in ophthalmology:
(a)	In the past it was taken for granted that the pathogenesis of central retinal vein occlusion was similar to that of deep vein thrombosis in the leg, and
therefore anticoagulants or antiplatelet therapy
was the treatment of choice in retinal venous
diseases. This ignored the basic fact that the morphology of retinal veins, retinal tissue and the
pathogenesis of retinal venous occlusion [114] are
totally different from those of deep vein thrombosis and the calf tissues – an eye is not a leg! In my
studies on eyes with retinal vein occlusion, I found

a significant increase in retinal hemorrhages in
persons on these therapies, and that usually causes
destruction of the retinal tissue and consequently
poorer visual outcome [115]. Thus, use of these
agents for treatment of retinal vein occlusion per
se is contraindicated [115–118].
(b)	There is a common perception among ophthalmologists and neurologists that NA-AION and cerebral stroke are similar in nature pathogenetically
and in management. This has resulted in major
controversy on the pathogenesis and management
of NA-AION. The following evidence, however,
indicates that NA-AION, when compared to cerebral stroke, is pathogenetically a distinct clinical
entity [33, 119].
(i)	Difference in Association with Smoking:
There is a huge volume of literature showing
a significant association between smoking
and cerebrovascular accident [120] (a thromboembolic disorder). Two large prospective
studies have shown no association between
smoking and NA-AION [121, 122].
(ii)	Difference In Response To Aspirin: While
the beneficial effect of aspirin in cerebrovascular accident (usually a thromboembolic
disorder) is well-established, NA-AION studies have shown that aspirin has no beneficial
effects in NA-AION [119, 121, 123, 124]
(being a hypotensive disorder).
(iii)	Difference in Association with Thrombophilic
Risk Factors: While an association has been
reported between thrombophilic risk factors
and cerebrovascular accident, no such association has been found between NA-AION
and thrombophilic risk factors, for the same
reason [125–128].
(iv)	A Hypotensive Disorder: As discussed below,
our findings show that NA-AION is primarily
a hypotensive disorder and not a thromboembolic disorder, in the vast majority of cases.
(v)	Seasonal Differences in Onset of NA-AION
and Stroke: As discussed below, there is
a distinct difference in the seasonal variation in the onset of NA-AION and vascular
accidents, such as myocardial infarction and
cerebrovascular accident. Our study [30]
showed that NA-AION onset was significantly more frequent in the Iowa (USA)
Summer (or the hot months, with temperature
in the 60 s to low 90° Fahrenheit) than in the
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Winter (or the cold months, when the maximum temperature is usually much below
freezing) (p = .0030). This is in contrast to the
reported incidence of systemic vascular accidents, such as myocardial infarction and cerebrovascular accidents which are higher during
winter than other seasons. Thus, there is a
distinct difference in the seasonal variation in
onset of NA-AION and systemic vascular
accidents. Moreover, in our study [129] there
was no evidence that NA-AION patients are
at increased risk of developing subsequent
cerebrovascular disease, myocardial infarction or mortality.
This shows that it is serious mistake to equate
NA-AION with stroke and other systemic vascular
accidents.
This dangerous practice of explaining pathogenesis
and recommending management by extrapolating findings from one organ to another has the potential to
introduce serious errors, as is the hypothesis postulated
by Levin and Danesh-Meyer [107].
In conclusion, venous occlusion plays no role
whatsoever in development of NA-AION. Their [107]
comparison of arteritic and nonarteritic AION in support of their hypothesis is misleading on several issues.
NA-AION is a multifactorial disease caused by arterial insufficiency to the optic nerve head due to a
combination of various systemic and local risk factors
[32, 33]. The hypothesis by Levin and Danesh-Meyer
[107] introduces an invalid concept on the subject of
pathogenesis of NA-AION. Without solid facts, an
hypothesis is simply a speculation. Thomas Henry
Huxley said: “The great tragedy of Science – the slaying of a beautiful hypothesis by an ugly fact” [130].
The hypothesis must be backed up by all the facts, and
in the case of the hypothesis by Levin and DaneshMeyer [107], it is not.
In responding to my critique of their hypothesis
[108], Levin [131] cited my previous publications to
refute my criticism of their hypothesis. Unfortunately,
he made irrelevant and misleading statements about
the subject under discussion and cited my paper out of
context. Following are some examples of that.
1. He [131] stated that I [108] “doubt our suggestion
that congestion from CRVO could cause secondary
ciliary retinal artery occlusion. Yet his theory is
similar, only differing in the location of the block
due to the congested vein: “Sudden occlusion of the
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central retinal vein results in a marked rise of
intraluminal pressure in the entire retinal capillary
bed; when that intraluminal pressure rises above
that in the cilioretinal artery, the result is a hemodynamic block in the cilioretinal artery.” [111]. This is
like comparing apples and oranges because cilioretinal artery occlusion with central retinal vein occlusion is a totally different clinical entity from what
they discussed in their hypothesis.
2.	Levin [131] rhetorically asked, “Does he (Dr.
Hayreh) seriously doubt that diabetes is a risk factor
for NAION at a young age, given the wide evidence
to the contrary?” Hardly, in fact I [132] was the first
to describe clinical findings of NA-AION in young
diabetics, and more recently published a large series
[112] showing that. He [131] has taken my comments totally out of context.
3. Levin [131] stated that “attempts to produce NAION
by posterior ciliary occlusion have failed to establish arterial hypoperfusion as the underlying
pathophysiology. The published photograph of the
optic nerve head from Dr Hayreh’s 1972 experimental occlusion of the PCAs demonstrates pallid
swelling of the optic nerve head more similar to
arteritic ischemic optic neuropathy than NAION.
This result supports our reasoning that from a clinical point of view, NAION has more similarities
with venous infarction than arterial infarction.” This
statement is seriously inaccurate and demonstrates
a profound lack of basic knowledge of the (admittedly complex) subject. This is because my [34]
experimental occlusion of PCA in rhesus monkeys
(cited by Levin) produced ischemic optic neuropathy by cutting off the blood supply to the optic nerve
head i.e. that produced ischemic damage. For the
first time, that study showed that the optic nerve
head was indeed supplied by the PCA, confirming
my previous anatomical studies, and that its occlusion causes its ischemia. There is ischemia in both
arteritic and non-arteritic AION – it is simply the
severity of ischemia which is different between the
two types of ischemic optic neuropathy (as discussed
above). In many of my publications, based on fluorescein angiographic studies of NA-AION and
A-AION patients, 24-h ambulatory blood pressure
monitoring studies and clinical studies of NA-AION
and A-AION, I [32, 33] have stressed repeatedly
that in NA-AION there is a transient non-perfusion
or hypoperfusion of the optic nerve head circulation
due to nocturnal arterial hypotension since visual loss
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is first discovered on waking in the morning or first
opportunity to use central vision [30], and not
occlusion of the PCA (Fig. 14.3 above; also see
Figs. 3.39, 3.41, 3.45, 3.52, 3.54, 3.57, 3.58 and
3.59), while in A-AION there is occlusion of the
PCA (see Figs. 3.24, 3.25, 3.28–3.34, 3.36, 3.37,
3.43, 3.49 and 3.50).
4. Levin [131] stated that “Dr Hayreh asserts that
because the optic nerve is different from the brain,
having pial septa but not gray matter, it cannot have
cytotoxic edema, vasogenic edema, or venous congestion. We agree that the optic nerve is different
from the brain and does not contain neuronal cell
bodies. But neither does the liver”. Again to cite the
liver when considering the optic nerve is like
equating apples and orange because the anatomy,
physiology, blood supply, circulation and everything
else of the liver, brain and optic nerve have nothing
in common at all. It makes no sense whatsoever to
state that the two would behave in similar fashion.
This clearly shows that their hypothesis has no scientific basis, but is based on armchair philosophy and
inadequate knowledge of a highly complex subject. It
is unfortunate that such unscientific hypotheses result
in unnecessary confusion and controversy and do not
serve the cause of Science.

Multifactorial Pathogenesis
of Non-arteritic AION
I am going to discuss this at length. In 1974, I [133] first
discussed the multifactorial pathogenesis of NA-AION,
based on my studies on the blood supply of the optic
nerve head, and experimental and clinical studies at that
time. Since then, a tremendous amount of additional
information has emerged. The concept of the pathogenesis of NA-AION presented below is based on the cumulative information provided by various studies reported
in the literature on NA-AION, as well as on various
studies conducted by me on the following subjects:
(a) arterial blood supply of the optic nerve head, (b)
experimental studies in rhesus monkeys, and (c) multifaceted clinical studies in a large cohort of NA-AION
patients seen in my clinic over a period of 40 years.
NA-AION is due to acute ischemia of the optic
nerve head [31, 34, 91, 133–135], whose main source

of blood supply is from the PCA circulation, as
discussed in Chap. 3 (Fig. 14.1). Therefore, NA-AION
represents an ischemic disorder of PCA circulation in
the optic nerve head. As discussed in Chap. 3, the optic
nerve head has marked inter-individual variation in its
blood supply and blood flow patterns, and the optic
nerve head blood flow is influenced by a whole host of
factors (see Chap. 5); all those exercise a profound
influence on the pathogenesis and clinical features of
NA-NAION.
Three misconceptions concerning NA-AION are
being perpetuated:
1. That NA-AION is “presumably due to ischemia”
[136]. With the currently available information, based
on clinical and experimental findings, we can now
say with confidence that all the available evidence
shows that it is definitely an ischemic disorder.
2.	That NA-AION, like arteritic AION is due to complete occlusion of the PCA. As discussed above and
below, there is no evidence at all of complete occlusion of the PCA in NA-AION in the vast majority
of cases [32, 33, 91]. There is only delayed filling of
the peripapillary choroid and/or the choroidal
watershed zone and the optic disc on fluorescein
fundus angiography (Fig. 14.3; also see Figs. 3.39,
3.41, 3.45, 3.52, 3.54, 3.57, 3.58 and 3.59).
3. That AION represents acute ischemia of only the
prelaminar region [136]. Histopathological studies on
the optic nerves in arteritic [14, 15, 137] and nonarteritic [138] AION, as well as in experimentally produced AION in monkeys [34, 135, 139], show definite
involvement of a variable length of the retrolaminar
region (depending upon the extent of supply by the
PCA in this region), in addition to the prelaminar and
laminar regions of the optic nerve (Fig. 14.1).
Following is a detailed discussion of the various
aspects of the highly complex pathogenesis of
NA-AION, based on the currently available evidence.

Mechanism of Vascular Insufficiency
in the Optic Nerve Head in NA-AION
First of all, it is essential to understand the basic mechanism of vascular insufficiency in the optic nerve head
in NA-AION. As discussed in Chap. 3, the optic nerve
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head is primarily supplied by the PCA circulation. In
NA-AION, unlike arteritic AION (see Chap. 12), it is
important to understand that it is not essential for the
PCAs to be completely occluded to produce NA-AlON.
In fact, in the majority of eyes there is never a complete occlusion of the PCAs (Fig. 14.3; also see
Figs. 3.39, 3.41, 3.45, 3.52, 3.54 and 3.57–3.59) [32,
33, 91, 99, 140].
To understand the mechanism of vascular insufficiency in the optic nerve head in NA-AION, one has to
consider the factors which influence the blood flow in
the optic nerve head, discussed at length elsewhere
[110, 141] and in Chap. 5. Briefly, circulation in the
optic nerve head depends upon the perfusion pressure
and vascular resistance in its vessels. The perfusion
pressure depends upon the difference between the
intraocular pressure and mean blood pressure in the
PCAs [142]. Thus, an imbalance in the perfusion pressure can be produced by either lowering the blood
pressure or raising the intraocular pressure or a combination of both. On lowering the perfusion pressure in
the intraocular blood vessels, the susceptibility of the
various intraocular blood vessels to obliteration varies
considerably:
(a)	The vessels in the prelaminar part of the optic
nerve head: These are most susceptible to obliteration and are usually the first to be affected.
(b)	The peripapillary choroid: This is either equally
or slightly less susceptible to obliteration
(Fig. 14.5). The obliteration of the peripapillary
choroid itself would in turn involve the blood
supply to the prelaminar region of the disc and
retrolaminar optic nerve as well (Fig. 14.1), particularly in arteriosclerotic individuals. The choroidal watershed zones [98] (between the territories
of distribution of the medial and lateral PCAs)
behave like the peripapillary choroid in the event
of a fall of perfusion pressure in the PCA circulation. When the watershed zone is related to the
optic disc [98], that results in poor or absent filling of the adjacent optic disc also (see Figs. 3.10,
3.38–3.41, 3.44, 3.45, 3.51b and 3.52–3.59).
(c)	The rest of the choroidal circulation: This is also
susceptible to obliteration but much less so than (a)
and (b).
(d)	The retinal circulation: Because of the presence
of autoregulation in it, it does not show any obliteration unless the intraocular pressure is higher
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Fig. 14.5 Fluorescein fundus angiogram of a cynomolgus monkey (after experimental central retinal artery occlusion to unmask
PCA supply in the optic disc and choroid) at 70 mmHg intraocular pressure. It shows selective complete obliteration of the peripapillary choroidal and prelaminar vessels (Reproduced from
Hayreh et al. [142])

than the perfusion pressure in the CRA. Thus, the
retinal circulation is the last to be obliterated.
In the light of these observations, it is evident that once
the perfusion pressure in the PCAs falls, the optic
nerve head circulation is the first to be involved, then
the peripapillary choroid and the watershed zone, and
the rest of the choroid last of all. In these cases the
PCAs may still be patent and showing normal filling of
the choroid in spite of poor circulation in the peripapillary choroid, watershed zone and optic nerve head
(Fig. 14.3; also see Figs. 3.10, 3.38–3.41, 3.45, 3.52,
3.54–3.59); that has misled people into believing that
in NA-AION, because of normal filling of the choroidal vascular bed, there is no reason why vascular insufficiency in the PCA circulation has any role to play in
the pathogenesis of NA-AION, unless the PCA is completely occluded. As mentioned above, the peripapillary choroid and choroidal watershed zones [98] are
most susceptible to obliteration when the perfusion
pressure falls in the PCA circulation, and the peripapillary choroid plays an important role in the blood supply of the optic nerve head (see Chap. 3). Thus, the
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determining factor for the production of NA-AION is
the level of the perfusion pressure in the PCAs and
not the absence or presence of complete occlusion of
the PCA. This is demonstrated very well by fluorescein fundus angiography which provides most useful
information about the circulation in NA-AION. In it
fluorescein fundus angiography usually reveals absent
or delayed filling of the optic disc, watershed zones
and peripapillary choroid, with almost normal choroidal circulation [32, 33, 91, 99, 140] (Fig. 14.3; also see
Figs. 3.10, 3.38–3.41, 3.45, 3.52, 3.54–3.59).
The other very important factors to consider, when
interpreting filling of the PCA circulation on fluorescein angiography in these cases, are:
1. The time-lapse between the onset of NA-AION
and fluorescein angiographic examination: This
is because, even in eyes with complete absence of
filling of the PCA circulation at the onset of the disease, a slow restoration of circulation starts to
occurs fairly soon, so that a significant filling defect
is no longer seen after a few days or weeks [93, 134,
140]. Thus, the fact that no filling defect appears in
the PCA circulation on fluorescein angiography
does not prove that there has been no earlier filling
defect.
2. Fluorescein angiography performed during waking hours: The other confounding factor, as discussed above, is that fluorescein angiography is
performed during waking hours when the blood
pressure is normal, but NA-AION usually develops
during sleep [30] when there is nocturnal arterial
hypotension which results in a fall of perfusion
pressure. Thus, angiography during waking hours
does not give correct information about the state of
circulation during deep sleep.
These are serious limitations in the usefulness of fluorescein angiography for evaluating the optic nerve
head circulation; unfortunately, the vast majority of
ophthalmologists are not aware of them. It is still,
sadly, almost invariably stated in the literature that
NA-AION is due to occlusion of the PCA. This is
simply inaccurate.
This imbalance between the blood pressure in the
PCA circulation and intraocular pressure was also
pointed out by Foulds [63, 143]. The fall in perfusion
pressure in the optic nerve capillaries may be due to
several causes, local, systemic or ocular. The role
played by systemic arterial hypotension (particularly

nocturnal arterial hypotension) was revealed by our
24-h ambulatory blood pressure monitoring studies
[27, 28, 30, 32, 33]. It is further confirmed by the fact
that the vast majority of NA-AION patients first notice
visual loss on waking up in the morning [30]; so that
nocturnal arterial hypotension is an important precipitating factor. Drusen in the optic nerve head could produce NA-AION by direct pressure on the vessels.
NA-AION may start as a sectoral change (due to
segmental optic nerve head ischemia), but may soon
progress to involve more of the optic nerve head; this
is because of the following two factors: (a) In eyes
with NA-AION, there is usually no optic disc cup,
which results in limited space in the prelaminar region
and crowding of the axons. (b) In NA-AION there is
axonal swelling, which produces segmental optic disc
edema. A combination of these two factors must compress the small blood vessels in the parts adjoining the
edematous part in a crowded situation, resulting in
ischemia of those parts of the optic nerve head.
Thus, NA-AION is a manifestation of ischemia of
the optic nerve head caused by interference with its
circulation, as a result of multiple factors influencing
the circulation (see Chap. 5). It is the complexity of
this mechanism which is responsible for the confusion
and controversy about the role of the PCA circulation
in the development of NA-AION.

Multifactorial Pathogenesis of NA-AION
Etiologically and pathogenetically, NA-AION cases
can be broadly classified into two groups [31]:
1. Due to Embolic Lesions of the Arteries/Arterioles
Feeding the Optic Nerve Head
Embolic occlusion of the PCAs (see Figs. 3.27 and
3.35) or of the optic nerve head arterioles seems to
occur only occasionally, but this impression may be
erroneous because of our inability to see the emboli in
these vessels on ophthalmoscopy, as compared with the
ease with which we can see emboli in the retinal arterioles. Only fluorescein angiography can help in that
determination [91]. As a routine I perform fluorescein
angiography in all new NA-AION and arteritic AION
patients, so that I have done that in more than a 1,000
cases during the past 40 years; while in arteritic AION
I have invariably found evidence of occlusion the PCA
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(see Figs. 3.24, 3.25, 3.28–3.34, 3.36, 3.37, 3.43, 3.49
and 3.50), and I have found that only rarely in NA-AION
(see Figs. 3.27 and 3.35). Multiple emboli in the vessels of the anterior part of the optic nerve have been
demonstrated histopathologically in NA-AION [4].
2. Due to Transient Nonperfusion or Hypoperfusion
of the Nutrient Vessels in the Optic Nerve Head
As discussed above (see Chap. 5), the blood flow in the
optic nerve head depends upon the perfusion pressure
in its vessels. A transient nonperfusion or hypoperfusion of the optic nerve head can occur due to a transient fall of perfusion pressure in its vessels, which in
turn, in susceptible persons, produces NA-AION. It is
extremely important to remember that in this mode of
development of NA-AION there is NO actual occlusion of the PCA (Fig. 14.3; also see Figs. 3.39, 3.41,
3.45, 3.52, 3.54, 3.57, 3.58 and 3.59). Almost all
NA-AION cases belong to this group. In view of this,
the common assertion in the literature that PCA occlusion causes NA-AION is simply not correct.
A fall of the perfusion pressure below the critical level
in the capillaries of the optic nerve head may be caused
either by a marked fall in mean blood pressure, e.g., in
shock, nocturnal hypotension [27, 28] during sleep at
night or a nap during the day, severe internal carotid
artery and/or ophthalmic artery stenosis or occlusion
[144, 145], and other causes, or by a marked rise in the
intraocular pressure [146] (as in acute angle closure
glaucoma); or by a combination of the two (e.g., in
neovascular glaucoma associated with ocular ischemia
due to internal carotid artery [144, 145] and/or ophthalmic artery stenosis or occlusion). The optic nerve
head damage, which may be mild to marked, depends
upon the severity and the duration of the transient ischemia, but is usually less extensive and less severe than
in thrombotic/embolic cases. Available clinical evidence indicates that certain segments of the optic nerve
head (e.g., the upper part) are more vulnerable to ischemia than others. Since the ischemia caused by hypoperfusion is mostly due to transient non-perfusion,
usually during sleep, without an organic block in the
vessels, fluorescein fundus angiography done during
the day may reveal minimal or no filling defect or
delay in filling in the optic disc and/or peripapillary
choroid or choroidal watershed zone, either throughout its vertical length (Fig. 14.3; also see Figs. 3.39,
3.41, 3.52, 3.54, 3.57 and 3.58) or only in one-half of
it (see Figs. 3.45, 3.52, 3.54, 3.57–3.59). In the
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embolic type, by contrast, fluorescein angiography,
during the first few days after the onset of NA-AION,
shows gross filling defects in the deep vessels of the
optic disc and adjacent choroid, depending on the distribution pattern of the occluded artery [31, 32, 91, 98]
(Figs. 3.27 and 3.35).

Risk Factors for Development of NA-AION
All the available evidence indicates that NA-AION is
multifactorial in nature and its many risk factors can
be divided into two main categories:
1.	Predisposing Factors: These may be systemic or
local in the eye and/or optic nerve head (see
below), and they make the optic nerve head susceptible to ischemic disorders.
2.	Precipitating Factor(s): These act as the final
insult (“last straw”), resulting in ischemia of the
optic nerve head and NA-AION. Nocturnal arterial
hypotension is an important factor in this category
[27, 28, 30].

Serious Difficulties in Determining Risk Factors
for NA-AION
Controversy on the pathogenesis of NA-AION has
arisen largely because of the difficulty in determining
these risk factors (discussed elsewhere [147]). A common argument put forward by those who believe that
the pathogenesis of NA-AION is not known, or who
even question that it is ischemic in nature, is that some
patients with NA-AION are apparently perfectly
healthy, have no complaint of any kind, and routine
physical examination (including electrocardiography
done in the clinic) show no abnormality, and have no
known risk factor. Therefore, it is argued how can one
explain the development of NA-AION in such persons? I have heard this argument repeatedly during
discussions on NA-AION. In view of that, they argue
that surely there must be some other mechanism rather
than vascular disturbance responsible for the development of NA-AION? This has led to controversy and in
postulating new and unsupported theories about the
pathogenesis of NA-AION (as discussed above). But
unfortunately, it is not always possible to detect all

282

14

Pathogenesis of Classical Non-arteritic Anterior Ischemic Optic Neuropathy

risk factors in patients with NA-AION, for several
reasons; following are some examples:
1. A totally asymptomatic person, who looks perfectly
healthy and feels fine and whose routine physical
evaluation does not reveal any systemic, ocular or
optic nerve head abnormality is not necessarily without risk factors. A recent experience of my own is
instructive here [147]. I made an appointment totally
casually to see a cardiologist just to find, out of curiosity, about my entirely asymptomatic fluctuation of
heart rate, some days in 70 s and other days as high
as 100/min; i happened to have noticed that for some
time on occasional feeling of my pulse but I was
totally asymptomatic. Most persons would consider
that of no consequence since pulse rate fluctuates
from time to time in all persons. Out of academic

interest, the cardiologist felt I should wear a Holter
monitor for a few days to find more about that. Since
I was totally asymptomatic, feeling fine and perfectly normal, and working about 80 h a week on my
research and clinical work, I was reluctant to go
through that hassle of Holter monitoring; however
finally I went along with the advice of the cardiologist. It was a great surprise when next day I was
asked to go to the cardiology clinic urgently because
the electrocardiogram on the Holter monitor that
night showed that I was having, every few minutes,
recurrent and prolonged periods of complete asystole during sleep, some lasting as long as about 10 s
(with a flat electrocardiogram – Fig. 14.6); occasionally the asystoles were also recorded during the
day. That required urgent pacemaker implantation
to prevent me from going into cardiac arrest. Had I

Fig. 14.6 Three segments of electrocardiogram recorded by Holter monitor (at 12.50 AM, 2.07 AM and 2.10 AM) showing variable
periods of cardiac asystole. In the segment at 2.07 AM, cardiac asystole lasted for 9.8 s with flat electrocardiogram
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Fig. 14.7 Ambulatory blood pressure and heart rate monitoring
records (based on individual readings) over a 24-h period, starting
from about 11 AM, in a 58-year old woman with bilateral NA-AION,
and on no medication. This shows that during the day blood pres-

sure is ideal; however, the systolic blood pressure dropped from
about 140 mmHg during the day to 90 mmHg on going to sleep,
and diastolic blood pressure dropped from about 80 mmHg to low
40 s during sleep. (Reproduced from Hayreh et al. [28])

not made an appointment to see a cardiologist out of
simple curiosity, and had he not ordered the Holter
monitor for asymptomatic heart rate fluctuation,
which could normally have been considered of no
significance, it is quite possible that I would have (1)
died during sleep from cardiac arrest, (2) developed
stroke, or (3). NA-AION. Everyone would have
wondered how it could have happened to a perfectly
healthy and active person like me. This is also shown
by the fact that from time to time athletes suddenly
die of cardiac arrest while playing. That was an
extremely important lesson about unknown risk factors. It shows that being to all appearances perfectly
healthy does not preclude the possibility of having
unknown serious risk factors.
2.	In my 24-h ambulatory BP recording in about 700
patients, I found time and again that though there
was no hypotension during waking hours, in some

cases it dropped markedly during sleep to very low
levels, for no apparent reason, even in persons who
are not on any medication [27, 28]. For example,
the blood pressure recording in Fig. 14.7 is from a
patient who had NA-AION first in one eye and then
in the second eye and was not on any medication.
This shows that during the day the blood pressure
was ideal; however, the systolic blood pressure
dropped from about 140 mmHg during the day to
90 mmHg on going to sleep, and diastolic blood
pressure dropped from about 80 mmHg to low 40 s
during sleep. Thus, daytime blood pressure is no
guide at all to the nighttime blood pressure. That
has misled everyone into believing that NA-AION
patients may have normal or high blood pressure
but never any arterial hypotension. That is why
many persons believe nocturnal arterial hypotension plays no role in the development of NA-AION
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(see below, the role of nocturnal arterial hypotension in NA-AION).
3.	It has been suspected that derangement of autoregulation of the optic nerve head blood flow plays an
important role in various types of circulatory disorders of the optic nerve head (See Chap. 5). Our
study [101] in atherosclerotic and hypertensive rhesus monkeys showed marked derangement of autoregulation in the optic nerve head, but that required
enucleating the eyes and optic nerves, and doing
elaborate autoradiographic studies done by experts
in the field in Sweden. That is obviously not possible in the human. Thus, we do not have the technology currently to detect this and many other risk
factors; they may be suspected, but not confirmed.
4. Evaluation of the optic nerve head blood flow is
crucial in understanding the pathogenesis and management of various ischemic disorders of the optic
nerve head, including NA-AION and glaucomatous
optic neuropathy. This is similar to the evaluation of
intraocular pressure in the management of glaucoma. As discussed in Chap. 6, in spite of enthusiastic claims made by some advocates of various
methods to measure the optic nerve head blood
flow, the hard fact is that we have no method as yet
that provides us with reliable information about
that very important factor which plays a vital role
in the development of NA-AION [100].
These are some examples of serious pitfalls in determining risk factors. Thus, the axiom should be that if
we do not find any evident risk factor, that does not
necessarily mean that patient has no risk factor hiding in his body.

Known Risk Factors
A tremendous amount of literature has accumulated on
the subject. Following is a brief summary.

Systemic Diseases Associated with NA-AION
and Risk Factors
Table 14.1 summarizes the data on various systemic
diseases in patients with NA-AION reported in the literature from 1969 to 1990. In 1994, we [129] reported

our findings of systemic diseases associated with
NA-AION in a large prospective study, based on 406
patients with NA-AION, systematically investigated
for that. It gave a detailed prevalence of arterial hypertension, diabetes mellitus, and various types of
cardiovascular, endocrinal, cerebrovascular, renal,
rheumatologic, infectious, and other diseases and
hematologic abnormalities, according to three age
groups (young <45 years, middle-aged 45–64 years,
elderly ³ 65 years, and total number). Compared with
the prevalence reported in the general population,
young (<45 years), middle-aged (45–64 years) and
elderly (³65 years) patients with NA-AION showed a
significantly higher prevalence of arterial hypertension
(p < 0.02), diabetes mellitus (p < 0.01), and gastrointestinal ulcer (p < 0.02). Also, middle-aged and
elderly patients showed a significantly higher prevalence of ischemic heart disease (p < 0.01) and thyroid
disease (p < 0.01). Middle-aged patients exhibited significantly higher rates of chronic obstructive pulmonary disease and cerebrovascular disease (p < 0.01). In
our study, NA-AION patients with both arterial hypertension and diabetes mellitus had a significantly higher
incidence of cerebrovascular disease (p < 0.01). Of the
406 patients in this study, 10% reported no previous or
current systemic disease at first visit to our clinic; 32%
of the patients had no major systemic disease, including arterial hypertension, diabetes mellitus, cardiovascular disease, cerebrovascular disease, or migraine. Of
the individuals in the young, middle-aged and elderly
groups, 77%, 88% and 95% respectively reported one
or more previous or current systemic disease.
A review of the various studies dealing with the
prevalence of systemic diseases in NA-AION shows
that the differences in prevalence of various systemic
diseases among different studies depend upon the
sample size, referral pattern and study design. For
example, Repka et al. [150] (Table 14.1) excluded all
young patients, presumably under the impression that
NA-AION did not develop in young persons (which
we now know is not correct [32, 33, 112, 122, 129]).
The systemic diseases which showed a significant
association in our study [129] fall into the following
three classes:
1. The diseases which produce vascular changes in
the optic nerve head vessels must have a role to
play in the pathogenesis of non-arteritic NA-AION.
These include arterial hypertension, diabetes mellitus, hyperlipidemia, ischemic heart and other
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Table 14.1 Systemic diseases in patients with non-arteritic anterior ischemic optic neuropathy (Reproduced from Hayreh et al. [129])
Foulds et al.
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[143]
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et al. [149]
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Multifactorial Pathogenesis of NA-AION
285

286

14

Pathogenesis of Classical Non-arteritic Anterior Ischemic Optic Neuropathy

c ardiovascular diseases, and thyroid disease (probably because of hypothyroidism’s known association with hyperlipidemia).
2. In contrast to that, other diseases showing significant association may in fact have nothing to do
with the development of non-arteritic NA-AION
itself but simply represent another manifestation or cause of diseases common to both. For
example, cerebrovascular disease may fall in this
category.
3.	In still others, e.g., gastro-intestinal ulcers and
chronic obstructive pulmonary disease, in spite of
a significant association, we do not know exactly
how they relate to NA-AION. One can only speculate. It is possible that gastro-intestinal ulcers, by
recurrent bleeding, may play a role in development
of AION [158]. Also it is known that gastro-intestinal ulcers are more common in persons with Type
A behavior pattern and in smokers [159–163] –
both of these factors would make a person more
prone to cardiovascular disorders (see below),
which may be a common denominator. In chronic
obstructive pulmonary disease, smoking and its
vascular sequelae combined with poor oxygenation may be related to the development of
NA-AION. Furthermore, I have seen, periodically,
NA-AION patients with a Type A behavior pattern, who have commented that episodes of stress
or agitation produce either temporary or permanent visual deterioration. A few patients even
attributed the onset of NA-AION to such an episode. The possible mechanism by which a Type A
behavior pattern can produce NA-AION is discussed below.
In that study [129], we had examined a number of
patients undergoing hemodialysis who developed
NA-AION, and the most likely cause seems to be arterial hypotension associated with hemodialysis.
Systemic lupus erythematosus and other collagen vascular diseases are well-known causes of ischemic vascular accidents, and the high incidence of increased
erythrocyte sedimentation rate and high antinuclear
antibody titer in the our series may suggest such diseases. There is evidence indicating that vasospasm in
migraine may be responsible for the development of
NA-AION in some individuals, particularly young
people who are otherwise perfectly healthy. Similarly,
systemic diseases associated with embolism, such as

cardiac and valvular disease, carotid artery disease,
and hematologic disorders, can produce NA-AION by
microembolization to the optic nerve head.

Systemic Diseases of Fortuitous Association
with NA-AION
It is worth adding a note of caution; some of the systemic diseases recorded in patients with NA-AION, in
the various studies, may be no more than purely coincidental findings, with no direct bearing at all on the
etiology of NA-AION.
Guyer et al. [151] reported information on the influence of systemic diseases on mortality and morbidity in
NA-AION patients. It appears from their discussion that
any patient with NA-AION not found to have hypertension, “presumed atherosclerosis” (i.e. with cerebrovascular or cardiovascular event), diabetes mellitus or
migraine was classified as “idiopathic” (28.5% of the
200 cases). Using the same criteria, in our study [129]
32% were classified as idiopathic. On collating the prevalence of major systemic vascular diseases seen in our
study and that reported by Guyer et al. [151] according
to the three age groups, ischemic heart disease was twice
as common in the middle-aged and elderly and three
times as common in the young in the series of Guyer
et al. [151] as it was in ours [129]. Guyer et al. [151] had
about twice as many young patients with arterial hypertension and diabetes mellitus as our [129] study did. It
would seem that the referral pattern of patients to Guyer
et al.’s group [151] had a much higher incidence of cardiovascular disease than in the unselected population
seen by us [129].This could explain the differences in the
morbidity results of the two studies discussed below.
There is no evidence in our study [129] that patients
who experience an attack of NA-AION are at an
increased risk for subsequent cerebrovascular disease
or cardiac disease (myocardial infarction). These findings are in sharp contrast to the report of Guyer et al.
[151] who found a significantly higher incidence of
subsequent cerebrovascular (p = 0.006) and cardiovascular disease (particularly myocardial infarction)
(p<.001) than in their controls. This would suggest that
this may be partly due to the type of patient population
seen in that study. Our study [129] also found no
significant increase in incidence of cerebrovascular
disease or myocardial infarction in NA-AION patients
with arterial hypertension. However, our study [129]
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did concur with Guyer et al. [151] on the finding that
patients with NA-AION in the presence of hypertension do not have an increased mortality rate over that
which would be expected from an age, sex and race
matched group.
We [129] found no significantly increased incidence
of cerebrovascular disease or myocardial infarction or
significantly increased mortality in NA-AION patients
with diabetes mellitus. Guyer et al. [151] did not have
enough NA-AION patients with diabetes mellitus or
with both diabetes mellitus and arterial hypertension to
examine these two subgroups. In our study [129],
NA-AION patients with both hypertension and diabetes mellitus did not have statistically significantly
increased mortality or statistically significantly
increased incidence of myocardial infarction; however,
they did have a statistically significantly increased
incidence of cerebrovascular disease (p < 0.01). Given
these results, we did not find strong evidence that
NA-AION patients in any of these four subpopulations
are at increased risk of developing myocardial infarction. Evidence of an increased risk of subsequently
developing cerebrovascular disease was confined to
the NA-AION patients with both hypertension and
diabetes.
Since the publication of our study [129], three more
studies have been published on the subject. Of the 420
patients who were found to be eligible for the Ischemic
Optic Neuropathy Decompression Trial [164], 47%
had arterial hypertension and 24% diabetes mellitus.
In the 406 patients in our prospective study [129] the
prevalence of arterial hypertension was 43% (26% in
young, 41% in middle-aged and 49% in the elderly)
and of diabetes mellitus 23% (21% in young, 21% in
middle-aged and 26% in the elderly) – these are comparable. Jacobson et al. [165] on multivariate analysis
in a case control study of 51 NA-AION patients older
than 45 years found only diabetes (odds ratio 5.0,
95% confidence interval 1.4–17.3, P = .01) a significant risk factor. Preechawat et al. [166] in a retrospective study of NA-AION patients younger than 50 years
found that anemia and type I diabetes were associated
significantly with fellow eye involvement.
In addition to the diseases mentioned in the above
discussion, NA-AION patients may also have a
number of other systemic diseases which may directly
or indirectly act as risk factors for the development
of NA-AION [129, 134], and these include the
following:
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Vasculitis
This may be due to systemic collagen vascular diseases
(e.g., systemic lupus erythematosus [167] and polyarteritis nodosa), herpes zoster [168], and other causes.
AION has been seen in association with these disorders. Some would like to call AION in this group arteritic AION, because it is caused by vasculitis.
Conventionally, arteritic AION is invariably considered to be due to GCA. To avoid that confusion, in my
description I have grouped this in the NA-AION
category.
Malignant Arterial Hypertension
Patients with renovascular malignant arterial hypertension, toxemia of pregnancy and renal disease can
develop NA-AION [169].

Pathogenesis of NA-AION in Malignant
Arterial Hypertension
There are strong indications from the available evidence that the renin-angiotensin-aldosterone system
plays an important role in the development and maintenance of malignant arterial hypertension. Angiotensin
II is a powerful vasopressor substance. Since choriocapillaris are very leaky, the plasma, along with the
angiotensin and other vasopressor agents in it, leaks
freely into the choroidal interstitial fluid; there it causes
vasoconstriction and/or occlusion of the choroidal vessels, seen clearly on fluorescein fundus angiography
[170] and in pathological studies [171] in all these eyes.
Moreover, ischemic choroidal lesions (e.g., “Elschnig’s
spots,” retinal pigment epithelial lesions, and serous
retinal detachment) are almost a universal finding in
these eyes [170]. The leakage of the angiotensin and
other vasopressor agents into the choroidal interstitial
fluid and the vasoconstriction and occlusion of the
choroidal vascular bed caused by them would produce
ischemia of the optic nerve head by two mechanisms:
1. As a part of the choroidal vascular involvement, the
peripapillary choroid is also involved. As discussed
in Chap. 3, the peripapillary choroid is the main
source of blood supply to the optic nerve head
(Fig. 14.1). Vasoconstriction and occlusion of the
peripapillary choroid would secondarily cause
ischemia of the optic nerve head.
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2. In addition, the angiotensin from the choroidal
interstitial fluid would diffuse into the optic nerve
head through the Border Tissue of Elschnig, which
is freely permeable. The angiotensin in the tissues
of the optic nerve would produce vasoconstriction
and occlusion by direct action on the capillaries and
other vessels in the optic nerve head; this was also
suggested by the experimental studies of Sossi and
Anderson [172]. Pathologic studies in these eyes
showed swollen endothelial cells and degenerated
pericytes with obliterated lumen of vessels in the
optic nerve [173].
Ischemia of the axons results in axoplasmic flow stasis, which accumulates proximal to the ischemic site
and results in the axonal swelling at the optic disc [139,
173, 174]. Pathological studies in these eyes revealed
that optic disc swelling was essentially due to ischemic
hydropic swelling of the axons [173]. Thus, studies
strongly indicate that the optic disc edema (swelling)
in accelerated arterial hypertension is due to ischemia
of axons in the optic nerve head. This represents
NA-AION. This has been suggested by other authors
[175–177] although their hypotheses about its mechanism were very different. Ischemic damage to the
axons in the optic nerve head finally results in optic
atrophy.

Dangers of Precipitous Reduction of Blood Pressure
in Malignant Arterial Hypertension
In any discussion of NA-AION in malignant arterial
hypertension, from the clinical management point of
view, it is important to stress the dangers to the optic
nerve head of a rapid therapeutic reduction of blood
pressure in such patients. There are a number of reports
[178–182] describing patients with malignant hypertension who had their blood pressure lowered precipitously to prevent severe neurological and cardiovascular
complications, and suffered immediate and permanent
blindness or severe visual loss. In all these cases the
optic nerve head was infarcted (i.e. NA-AION) and
later developed marked optic atrophy. The findings
were of severe bilateral NA-AION in all cases. In addition, these patients may develop acute ischemic neurologic lesions [180–183]. It has been postulated that
under such circumstances, acute ischemia of the brain,
spinal cord, and/or optic nerve head is due to failure of

Blood Flow
Autoregulation Range
Hyperten

Normal

Present

Absent

Absent

Present

Absent

Absent

Perfusion Pressure

Fig. 14.8 A diagrammatic representation of blood flow autoregulation range at different perfusion pressures in normal persons and in hypertensives (Hyperten). “Absent” and “present”
denote absence or presence of the autoregulation (Reproduced
from Hayreh [184])

autoregulation of blood flow in the respective organs.
It has been shown in the cerebral blood flow in patients
with malignant hypertension of some duration that, as
an adaptive phenomenon, the range of the autoregulation shifts to a higher level than in normal persons
(Fig. 14.8) [185–193]. As discussed in Chap. 5, this
adaptation makes the individual less tolerant to low
blood pressure, while at the same time it improves his
tolerance of high blood pressure. As previously discussed, the optic nerve head in patients with malignant
hypertension and very high blood pressure is already
ischemic, due to various microvascular changes; any
sudden reduction of blood pressure under such conditions inflicts further ischemic insult and makes the
optic nerve head especially vulnerable to severe acute
ischemic damage. This results in bilateral infarction of
the optic nerve head. In view of this, the most important precaution to be taken in patients with malignant
hypertension is that blood pressure should be lowered
slowly over many hours or even days, giving time for
the autoregulation of the blood flow to adapt itself to
the falling blood pressure.
Systemic Arterial Hypotension
Most important in this category is nocturnal arterial
hypotension [27, 28] and its role is discussed below. In
addition, acute arterial hypotension from other causes
(e.g., during surgical procedures, renal hemodialysis,
massive hemorrhages, etc. [129].) is also responsible
for the development of NA-AION in a number of
patients. Development of unilateral or bilateral
NA-AION has been reported in patients undergoing
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prolonged cardiovascular or spine and neck procedures
in orthopedic surgery [194–204]. In the literature
NA-AION has been mixed with PION or not differentiated into the two types. It has been stated that
NA-AION is more prevalent among cardiac surgery
patients and PION among spine and neck procedures
[205]; however, development of arterial hypotension in
patients undergoing head and neck surgery has been
reported. PION predominates especially among those
who have spine and neck orthopedic procedures on
their backs, lying face-down; in them arterial hypotension combined with pressure on the eyeball (associated
with elevated IOP) results in development of NA-AION,
and they discover visual loss on recovering from anesthesia [206]. The mechanism of development of ischemic optic neuropathy in these cases is discussed in
Chap. 20.

Role of Nocturnal Arterial Hypotension
in Development of NA-AION
I have discussed this at length elsewhere [27, 28, 30].
Typically, patients with non-arteritic and often those
with arteritic AION complain of discovering visual
loss on waking in the morning [30]. In our series [30],
among 871 NA-AION eyes (925 episodes), where the
patients could give some information on the time of
onset of visual loss, in at least 73% of episodes, the
visual loss was discovered upon awakening (from
sleep during the night or a nap during the day) or soon
after, when the patient had the first opportunity to use
vision critically. In the remaining 27% episodes of
NA-AION, although the patients became aware of the
visual loss later on during the day, they could not say
definitely when it occurred, or rule out the possibility
that it had been there since awakening. The time when
a patient becomes aware of visual loss is extremely
variable, depending upon the location, severity and
type of visual field defect, the occupation of the patient,
and, above all, perceptiveness of the patient in detecting a visual problem. For example, in my study, a
patient with superior visual field loss first noticed the
visual field defect while hunting, when he tried to
shoot a flying duck, but was sure that his vision had
been normal the previous day; another patient, a physician, was not aware of any visual loss, in spite of fairly
marked visual loss in the inferior nasal sector of one
eye, till it was discovered during an ophthalmic
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examination. Thus, in view of these limitations, the
time of discovery of visual loss reported by a patient
has to be placed in its true perspective.
In the NA-AION Decompression Trial Study [164],
it was reported that 42% (174 of 418) of patients
recalled that the onset of visual loss occurred within
2 h of awakening; that much lower than in our study
[30]. However, it is well-known that to get the correct
information, the right person has to ask the right question in the right manner. It is quite possible that the
discrepancy between our study [30] and the multicenter study [164] arose because their data were collected by many individuals, not always well-informed
neuro-ophthalmologists, whereas in our study, if the
patient did not offer that spontaneously, I regularly
elicited it by careful non-suggestive questioning. In
addition, our [27, 28] 24-h ambulatory blood pressure
monitoring studies independently showed a significant
correlation between progressive visual loss in NA-AION
and nocturnal arterial hypotension.
The time of first discovery of visual loss in NA-AION
is a very critical piece of information because it points
to the time of development of NA-AION and also
indirectly to its pathogenesis. As mentioned above, our
study [30] indicated that NA-AION most often develops
during sleep, and there must be something happening
during sleep which precipitates it. Our 24-h ambulatory blood pressure monitoring studies [27, 28] in
patients with NA-AION revealed a marked interindividual variation in the amount of fall of blood pressure
during sleep. We have discussed elsewhere the role of
nocturnal arterial hypotension in the pathogenesis of
NA-AION [27, 28, 30, 32, 129]. The graph shown in
Fig. 14.9, based on our study, shows the mean hourly
systolic and diastolic blood pressure in hypertensives
and normotensives over a 24 h period, starting at
10 a.m. and continuing till 10 a.m. next day. Figure 14.7
shows an actual blood pressure recording from a patient
with bilateral NA-AION. There is a steep drop in blood
pressure on falling asleep at night and recovery to normal on waking in the morning.
Our study [27] showed that arterial hypertensives taking oral hypotensive therapy have a significant (p = 0.004)
association between progressive visual field deterioration
in NA-AION and nocturnal hypotension. We [28] also
found that among the hypertensives on oral hypotensive
drugs, the mean minimum night-time systolic blood pressure was significantly lower in the patients with visual
field deterioration than in those without visual field
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Fig. 14.9 Mean hourly
systolic and diastolic blood
pressure over a 24-h period
in patients with normal
blood pressure (normotensive) and hypertension
(hypertensive) (Reproduced
from Hayreh et al. [27])
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deterioration (p = .040, 106.0 ± 3.5 vs. 119.5 ± 3.9 mmHg).
They also showed a significantly larger mean percentage
drop in systolic, diastolic and mean BP compared with
similar patients with no visual field deterioration (systolic: p = 0.026, 39.0 ± 1.6% vs. 32.4 ± 1.6%; diastolic:
p = .023, 45.6 ± 1.7% vs. 38.6 ± 1.9%; mean: p < 0.0001,
47.5 ± 1.8% vs. 36.4 ± 2.0%). Normotensives and hypertensives without medication showed only a small

difference between those with and without progressive
visual field deterioration for these variables.
The fall of blood pressure during sleep is a physiological phenomenon but it is much influenced by
many factors, including drugs such as beta-blockers,
calcium-channel blockers (Fig. 14.10), angiotensin
converting enzyme inhibitors, Hytrin (Terazosin
hydrochloride) used in enlarged prostate to reduce
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Fig. 14.10 Ambulatory blood pressure monitoring records
(based on individual readings) over a 24-h period, starting from
about 10 AM in a 63 year-old woman who developed normal
tension glaucoma while on Verapamil hydrochloride for
migraine (Reproduced from Hayreh [184]). (a) This record

shows when she was taking Verapamil 160 mg morning and
bedtime and 80 mg at noon, there was a marked degree of nocturnal arterial hypotension. (b) This record shows a marked
improved in nocturnal arterial hypotension on stopping the bedtime dose

nocturia, phosphodiesterase type 5 and other similar
compounds– particularly the number and amount of
drugs taken and the time of day they are taken. For
example, when these drugs were taken at bedtime,
they produced a far more marked degree of nocturnal
hypotension than when taken in the morning because
they aggravate the naturally occurring fall of blood
pressure during sleep (Fig. 14.10). There are, however, some patients who develop marked nocturnal
hypotension even without any medication (this is presumably due to defective cardiovascular autoregulation), as can be seen in Fig. 14.7, a blood pressure
tracing of a patient with bilateral NA-AION and progressive visual loss.

Landau et al. [207], based on a study of only 24
patients (13 from Switzerland and 11 from New
York) with NA-AION, claimed that a “patient with
AION typically notices blurred vision in the
affected eye within 1 or 2 h of arising in the morning”, (i.e. similar to the onset of many of the myocardial infarctions) and not first thing in the
morning, and that nocturnal arterial hypotension
does not play any role in the development NA-AION.
The authors stressed that the pathogeneses of myocardial infarction and NA-AION are similar, and
added that that “helps to explain why patients with
AION have a high incidence of myocardial infarction.” [207] We pointed out elsewhere [208] multiple

292

14

Pathogenesis of Classical Non-arteritic Anterior Ischemic Optic Neuropathy

flaws in that study. These include: (a) flawed data
collection, analysis and interpretation of the ambulatory blood pressure monitoring data, (b) no information on the short-term fluctuations of blood pressure
which are critical in NA-AION, and (c) that our study
[129] in 406 NA-AION patients showed no evidence
of an increased incidence of myocardial infarction in
NA-AION patients on follow-up as compared to the
age-sex matched general population (see above). We
believe that these and other faults in the study invalidate the conclusions of Landau et al. [207].
To place the role of nocturnal arterial hypotension
in proper perspective in the pathogenesis of NA-AION,
very briefly: as discussed above, our studies show that
NA-AION is a multifactorial disease, with many risk
factors acting in various combinations, some acting as
predisposing factors, making an optic nerve head susceptible to ischemia, and others as precipitating factors inflicting the final insult and resulting in
development of NA-AION. In such a multifactorial
scenario, any particular factor or combination of factors may be present in one case and not in another, or a
factor may play a major role in one case and only a
subsidiary role in another. The predisposing factors
may be systemic or local in the optic nerve head [32,
129]. When an optic nerve head has been rendered vulnerable to ischemia by these conditions (in disparate
combinations in different individuals), nocturnal
hypotension may act as the precipitating factor to produce ischemia and NA-AION [27, 28, 30] – “the straw
that breaks the camel’s back”. In a normal, healthy
optic nerve head with normal autoregulation, a similar
fall of blood pressure during the night may have no
deleterious effect at all. The very potent drugs, e.g.,
beta-blockers, calcium channel blockers, angiotensin
converting enzyme inhibitors and other drugs, which
are now available to treat hypertension and prescribed
commonly, have begun to emerge as an important risk
factor for arterial hypotension (particularly nocturnal
hypotension – see Fig. 14.10), especially when used
aggressively and/or given at bedtime. Historically, it is
interesting to note that before 1960 almost the only
treatment for arterial hypertension was diuretics and
NA-AION was a rare clinical entity at that time.
The first beta-blocker drug was marketed in the early
1960s, and since then a plethora of new potent arterial
hypotensive drugs have emerged to treat arterial hypertension; also since then, the incidence of NA-AION
has progressively increased, so that it is now a common

condition. In view of all this evidence, it seems
NA-AION may be occurring as an iatrogenic disease
in some persons. There may be a paradoxical phenomenon: arterial hypertensives on excessive medications
to lower their blood pressure developing arterial
hypotension; a combination of arterial hypertension
and hypotension can play an important role in either
the development or the progression of NA-AION [29].
This brief discussion, then, gives some idea of the
great complexity of the mechanisms of development of
NA-AION and the role of nocturnal hypotension in it.
A whole host of systemic and local factors acting in
different combinations and to different extents may
derange the optic nerve head circulation, with some
making the optic nerve head susceptible to ischemia
and others acting as the final insult. Nocturnal hypotension seems to be an important precipitating factor in
the susceptible patient. Thus, nocturnal hypotension is
one of the variables to produce NA-AION, and its role
must be placed in the overall context of the disease
process and not taken in isolation.
Some patients develop NA-AION during the daytime, not associated with a nap. This may be due a
variety of causes, including the following:
(a)	Embolism into the PCA circulation (the main source
of blood supply to the optic nerve head [91, 133])
can produce NA-AION which can develop any time
of the day. The eyes with the usual type of NA-AION
generally have no optic disc cup [106, 157], but
those of an embolic nature generally have the normal cup size. On fluorescein fundus angiography, in
these cases, we have seen complete occlusion of a
PCA (with negative temporal artery biopsy) [91]
(see Figs. 3.27 and 3.35). The source of the embolus
may be the carotid arteries, aorta or the heart.
(b)	Our experimental study [102] in atherosclerotic
monkeys has shown that serotonin in atherosclerosis can produce vasospasm of the PCA, resulting in
its occlusion and development of NA-AION. We
speculate that the vasospasm is produced by the
release of serotonin by platelet aggregation on atherosclerotic plaques.
Atherosclerosis and Arteriosclerosis
As a part of generalized atherosclerosis and arteriosclerosis, the internal carotid artery, ophthalmic artery,
PCAs and other nutrient arteries to the optic nerve may
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be involved and contribute to the development of
NA-AION by several mechanisms.
1.	It can cause marked stenosis or occlusion of the
ocular or internal carotid arteries, resulting in
hypoperfusion which makes a person vulnerable to
NA-AION.
2.	Embolism from an atherosclerotic plaque going to the
PCA can result in the development of NA-AION [91].
3.	Our experimental study [102] in atherosclerotic monkeys showed that release of serotonin from platelets on
an atherosclerotic plaque can produce transient spasm
and that can result in the development of NA-AION
[209]. As mentioned above, serotonin liberation from
platelet aggregation on the atherosclerotic plaques
may also play a role in some cases [102].
Migraine and Other Vasospastic Disorders
There are anecdotal case reports of NA-AION associated with migraine [129, 210–214]. In our study [129],
17 (4%) of 406 NA-AION patients gave a history of
migraine; according to age group, migraine was
reported by 7% of the young, 6% of the middle-aged
and 2% of the elderly. It seems reasonable to assume
that there is an association between NA-AION and
vasospastic disorders. One case in particular seems
interesting from this point of view: A woman with a
strong history of migraine since the age of 26 years,
first developed NA-AION in her right eye at age 27
and in the left eye at 31; she had one recurrence of
NA-AION in the right eye (10 years after the initial
episode) and two recurrences (first 7 years and the second 20 years after the initial episode) in the left eye
over a period of 25 years follow-up. Each episode was
associated with an attack of migraine. This was
strongly suggestive of NA-AION due to migraine.
Internal Carotid Artery Disease
This can contribute to development of NA-AION either
by embolism or by lowering the perfusion pressure
because of stenosis or occlusion. The most common
cause of carotid artery stenosis or occlusion and consequent development of NA-AION is atherosclerotic
change in the artery. Rarely it may be due to other conditions, e.g., pulseless disease [215] or internal carotid
artery hypoplasia [216]. Ocular ischemic syndrome is
due to carotid artery occlusion or marked stenosis and

293

can result in development of NA-AION [144].
Development of NA-AION has also been reported following carotid dissection [217–221]. Fry et al. [222]
evaluated 15 consecutive patients with NA-AION for
cervical carotid artery stenosis and compared them with
30 age- and sex-matched asymptomatic patients and
also with 11 age- and sex-matched patients experiencing transient monocular blindness. They found no difference in the mean stenosis of the internal carotid
artery between patients with NA-AION and asymptomatic patients, whereas patients with transient monocular
blindness had significantly more stenosis in the cervical
carotid arteries than control subjects (p < 0.0001), and
also than patients with NA-AION (p < 0.0001). There
was also no difference in the percentage of patients with
stenosis ³ 30% between NA-AION and asymptomatic
patients, whereas 10 of 11 patients with transient monocular blindness had stenosis ³ 30%, significantly more
than patients with NA-AION (p < 0.0001) and asymptomatic patients (p < 0.0001). They concluded that
NA-AION is not a marker for atherosclerotic carotid
artery stenosis. I find that while their conclusion may be
valid for carotid artery stenosis of ³30%, which is considered minimal stenosis and does not cause any hemodynamic problem, that is not true for high grade stenosis
(>70%) which can lower the perfusion pressure in the
eye and optic nerve head, and thus becomes a risk factor
for development of NA-AION, as seen by us in ocular
ischemic syndrome [144, 145]. Thus, the degree of
stenosis of the internal carotid artery is the crucial factor in determining its role in NA-AION.
Cardiac Valvular Diseases
These include mitral valve disease, mitral prolapse,
aortic valve disease, artificial heart valve, rheumatic
heart disease, and other valvular diseases [129]. I have
seen some NA-AION patients having mitral valve prolapse, mostly in young patients; it is impossible to state
whether there is a cause-and-effect relationship
between it and NA-AION. The most likely mechanism
of development of NA-AION in these patients is
microembolism to the optic nerve head.
Defective Cardiovascular Autoregulation
Patients who develop orthostatic arterial hypotension
would seem to have this disorder. It is known that
diabetics have defective autoregulation. This can be
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a factor, by producing arterial hypotension. That may
play a role in development of NA-AION in some
cases.
“Type A” Behavior Pattern
As mentioned above, I have seen patients in whom the
type A behavior pattern seems to play some role in the
development of NA-AION [32, 129]. The following
mechanism may be responsible for that. Increased levels of plasma catecholamines have been well established in persons with a Type A behavior pattern under
stress [223, 224]. Leakage of catecholamines into the
optic nerve head (as in malignant arterial hypertension,
discussed above) can cause vasoconstriction [169],
resulting in optic nerve head ischemia.
Sleep Apnea Syndrome
I was the first to point out in 1996 that sleep apnea
may be a risk factor in the development of NA-AION
[32]. Since it is associated with cardiovascular disorder, there is every reason to suspect that it may act as
a risk factor in NA-AION. Since then an association of
sleep apnea with NA-AION has been reported by
several authors [225–231]. In sleep apnea syndrome
there are recurrent episodes of upper airway flow stoppage during sleep; these episodes may be partial or
complete. Cardiovascular disorders associated with
sleep apnea are well documented. For example,
Sommers et al. [109] in their study of obstructive sleep
apnea, concluded that patients with obstructive sleep
apnea have high sympathetic activity when awake,
with further increases in blood pressure and sympathetic activity during sleep. These increases are attenuated by treatment with continuous positive airway
pressure (CPAP).
The prevalence of sleep apnea syndrome in
NA-AION is in not known as yet because there has
been no large study with proper evaluation of sleep
apnea in consecutive NA-AION cases. The extreme
example is that of Palombi et al. [227], who, in a study
of 27 consecutive newly diagnosed NA-AION patients,
found 89% exhibited a sleep apnea syndrome. They
concluded that sleep apnea is the most frequent disorder associated with NA-AION. That high prevalence is
not supported by other studies and may be due to
referral bias. For example, Behbehani et al. [226], in a
prospective review, identified patients who developed

NA-AION while being treated for sleep apnea syndrome with CPAP. Of the 108 patients in the series,
one had bilateral sequential NA-AION and two had
unilateral NA-AION despite treatment with CPAP for
sleep apnea syndrome. All the patients were being
treated with CPAP for a period ranging from 4 months
to 6 years before the onset of NAION. They concluded
that CPAP did not prevent the development of
NA-AION in sleep apnea syndrome patients.
In my experience of dealing with more than a 1,000
NA-AION patients, I have found only a few who gave
a history of sleep apnea on questioning, which was
confirmed to be genuine by a sleep study.
Hematologic Disorders and Thrombophilia
There are many reports, mostly anecdotal, claiming
an association of various hematologic abnormalities
with NA-AION, e.g., various types of anemia, sickle
cell disease, sticky platelet syndrome, polycythemia
vera, Henoch-Schönlein purpura, factor V Leiden,
activated protein C, homozygosity for the C677T
methylenetetrahydrofolate reductase mutation, anti
phospholipid syndrome and other hematologic abnormalities [232–246].
Several studies have investigated the role of thrombophilia in NA-AION. There is conflicting and con
tradictory information in those studies, and other
problems. A number of studies over the years have
claimed that thrombophilia does play a role in the
development of NA-AION. For example, Acheson and
Sanders [233] described seven cases in which there
was an associated thrombophilic (prothrombotic) state;
four had deficiencies of the physiological anticoagulants proteins C and S and antithrombin III, and two
had anti-phospholipid antibody (lupus anticoagulant)
syndromes. One other patient had reduced levels of the
physiological fibrinolytic agent tissue plasminogen
activator (t-PA). In five patients other risk factors for
small vessel occlusive disease were also present, and
four had recurrent episodes of ischemic optic neuropathy in the same eye. They stated that the visual prognosis of these patients may be improved by anticoagulation
with warfarin. Glueck et al. [237] evaluated 12
NA-AION patients and 36 healthy, normal race-, sex-,
and age-matched controls by polymerase chain reaction-complementary DNA assays of gene mutations
associated with coagulation disorders and serologic
coagulation measurements. They claimed that they
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found among the 12 NA-AION patients, 7 (58%) had
at least 1 gene mutation in the C677T MTHFR,
G1691A V Leiden, or G20210A prothrombin gene,
compared with 5 of 36 controls (14%) (P = .002). Of
the eight women with NA-AION, five (63%) first
experienced the condition while taking hormone
replacement therapy (n = 4) or during pregnancy (n = 1),
with superposition of estrogen-induced thrombophilia
on heritable thrombophilia and hypofibrinolysis.
Kuhli-Hatternbach et al. [245] stated that they found
increased levels of factor VIII and lipoprotein (a) in
NA-AION patients. Giambene et al. [246] reported
plasma levels of homocysteine and lipoprotein (a), as
well as low vitamin B6 levels, significantly higher in
patients with NA-AION compared with controls, with
no significant difference in MTHFR C677T polymorphism between the two groups.
However, there are studies which have shown no
association between NA-AION and thrombophilic
risk factors. For example, Salomon et al. [125], in 61
patients with NA-AION found no association with
Protein C, protein S, antithrombin III, lupus anticoagulant, and three prothrombotic polymorphisms
(i.e., factor V G1691A, factor II G20210A, and methylenetetrahydrofolate reductase [MTHFR] C677T).
Also that group [247] found no association between
NA-AION and angiotensin converting enzyme and
angiotensin II type 1 receptor. Similarly, Biousse
et al. [248] in 14 patients with NA-AION found
homocysteine within normal limits in all of them, and
mutation positive and mutation negative patients for
MTHFR C677T did not differ with respect to clinical
data concerning risk factors for NA-AION. Both
studies concluded that there was no association
between NA-AION and thrombophilic risk factors.
Often there are other problems with the studies
claiming an association between NA-AION and
thrombophilia, For example, Pianka et al. [234] and
Stanger et al. [240] combined NA-AION with retinal
vascular occlusions in their study on thrombophilia,
which is unwarranted because retinal vascular occlusions (thromboembolic disorders) and NA-AION
(hypotensive disorder) are not only totally different
pathogenetically but also as clinical entities. It is like
mixing apples and oranges.
I [128] recently discussed the role of thrombophilia
in NA-AION. I pointed out that to evaluate whether
thrombophilia has any role in development of
NA-AION, one has to consider the following facts.
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1. Thrombophilia is an inherited or acquired predisposition to thrombosis [249]. Therefore, thrombophilic factors cause circulatory disorders by causing
thrombosis. The primary reason for considering
NA-AION as due to thrombophilia (i.e. due to
thrombosis) is by equating it to cerebral strokes.
As discussed above, NA-AION is a hypotensive
disorder and NOT a thrombotic disorder, while
cerebral stroke is a thromboembolic disorder. Thus,
NA-AION and stroke pathogenetically are two different clinical entities.
2.	The principal clinical manifestation of thrombophilia is venous thromboembolism [249]. NA-AION
is not a venous thrombotic disorder but an arterial
ischemic disorder.
3.	Aspirin, which is effective in thromboembolic disorders, has been shown to have no protective effect
in NA-AION [121, 123, 124].
4. As mentioned above, Salomon et al. [125] and
Biousse et al. [248] found no association between
NA-AION and thrombophilic risk factors.
If testing of NA-AION patients reveals the presence of
one or more abnormal thrombophilic factors, that does
not automatically imply a cause-and-effect relationship; it may be purely a coincidental finding. That may
be the explanation for some of the reported positive
findings.
I conclude that, in the light of the above facts, there
is no rational scientific basis for believing that thrombophilia has any role to play in NA-AION in the vast
majority of cases, since NA-AION generally is not a
thrombotic disorder but a hypotensive disorder. Of
course, the possibility that thrombophilia may be
involved in a rare case cannot be ruled out – in Medicine
there is no such thing as “never”. That raises the important question whether all patients with NA-AION
should be tested for thrombophilia, as advocated by
some [246]. To quote Heit [249] “Currently, there is no
single laboratory assay or simple set of assays that will
identify all thrombophilias. Consequently, a battery of
complex and potentially expensive assays is usually
required. Many of these laboratory analyses are
affected by other conditions (e.g., warfarin reduces
protein C and S levels) such that the correct interpretation of the results can be complicated and always
requires clinical correlation.” Leiden mutation of the
factor V gene is associated with a procoagulant state,
especially in the venous bed, and its association with
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arterial thrombotic disease remains unclear. Thus,
testing patients with NA-AION for thrombophilia is
unwarranted, unless there is a medical or family history of thrombosis. The latter is well demonstrated by
Glueck and Wang [244] in a 12-member, 3-generation
family. They investigated them by using polymerase
chain reaction measures for thrombophilia (G1691A
factor V Leiden, G20210A prothrombin gene, C677TA1298C methylenetetrahydrofolate reductase, platelet
glycoprotein and hypofibrinolysis [plasminogen activator inhibitor-1 4G4G]). This extended family was
associated with variegated thrombotic events, including ocular ischemic disorders (amaurosis fugax,
NA-AION), transient ischemic attack, ischemic stroke,
deep vein thrombosis, pulmonary embolus, and mesenteric artery thrombosis. This is a rare occurrence.
Role of Seasonal Variations in the Development
of NA-AION
Apart from the relationship between the time of day and
the onset of NA-AION, we investigated the role of seasonal variations in the development of NA-AION [30].
This is because seasonal variation has been reported in
the incidence of vascular accidents, such as myocardial
infarction and cerebrovascular accident. For example,
temperature has been reported to be closely correlated
with both myocardial infarction and cerebrovascular
accident, with both of the latter more common in winter
than in other seasons [250–252]. Bull and Morton [251]
found a nearly linear fall in death rate as the minimum
temperature rose between −10oC and +20oC, but above
20oC deaths rose steeply with the rise in temperature
and below −10oC deaths again rose steeply as temperature fell, especially in the elderly; this was also reported
by Rogot and Padgett [253]. Bull and Morton [251]
found a stronger association of death rates with temperature in the old than the young, probably because of
their failure to adapt physiologically to temperature
change. Fersini et al. [254], in patients with transient
ischemic attacks, showed a seasonal pattern of disease
onset in early spring, with a peak in March–April, and
isolated peaks in January and October.
In order to explain the seasonal variations of myocardial infarction, cerebrovascular accidents and possibly
other vascular accidents, a number of studies have been
conducted to find the effects of temperature variations
on hematologic and other vascular changes in the body
which could be contributory to development of vascular

accidents. For example, Bull et al. [255] noted a positive
correlation between temperature and factor VII, antithrombin III and cholesterol and negatively with fibrinolytic activity. Keatinge et al. [256] reported that
exposure to cold increases packed cell volume, platelet
count, mean platelet volume, both whole blood and
plasma viscosity, arterial BP, and cholesterol. They
speculated that the larger than normal platelets seen in
these patients may be either due to cold induced activity
of sympathetic nerves releasing sequestered large platelets or by production of large new platelets. Large platelets aggregate and adhere more readily to blood vessels
than small platelets [257, 258]. Several other changes
produced by cold exposure will tend to induce thrombosis, e.g., an increase in the number of red blood cells
promotes platelet adhesion [259–261], and increased
blood viscosity facilitates clotting of blood after the formation of a platelet thrombus [256]. Stout and Crawford
[262] in subjects aged 75 and over, found significant
seasonal effects for fibrinogen, plasma viscosity and
HDL cholesterol. Plasma fibrinogen concentrations
were 23% higher in the coldest 6 months compared with
summer months. Fibrinogen significantly and negatively
related to core body temperature and all measures of
environmental temperature; they felt that this variation
was large enough to increase the risk of myocardial
infarction and cerebrovascular accident during winter.
Buchanan and Riglar [263] reported high titers of anticentromere antibodies in Raynaud’s phenomenon and
patients with a high titer of anti-centromere antibodies
had a higher risk of developing thrombotic vascular
disease. Reilly et al. [264] reported a significant circannual variation in a large number of hematologic parameters in the elderly. Exton-Smith [265] reported that
exposure to low environmental temperature more readily produced orthostatic hypotension or hypothermia in
old than in younger persons, as a consequence of
impaired physiological thermoregulatory mechanisms
in the elderly. Brennan et al. [266] and Keatinge et al.
[256] reported an increase in blood pressure with cold.
We [30] investigated seasonal variation of the onset
of NA-AION for 839 episodes. The data showed that
NA-AION onset was significantly (p = .0030) more
frequent in the Iowa (USA) Summer (the hot months,
with temperature in 60 s to low 90 s degrees Fahrenheit)
than in the Winter (the cold months, when the maximum temperature is usually much below freezing),
with Spring/Fall or the mild months intermediate. That
study suggests that factors other than hematologic
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abnormalities may be playing an important role in the
development of NA-AION. Moreover, in that study,
there was no evidence that NA-AION patients are at
increased risk of developing subsequent cerebrovascular disease, myocardial infarction or mortality [129].
We have no explanation for this seasonal variation in
development of NA-AION.
The reason for all these discrepancies is that myocardial infarction and cerebral strokes are thromboembolic
disorders while NA-AION is a hypotensive disorder and
NOT a thromboembolic disorder in the vast majority of
cases. It is this highly prevalent misconception of equating NA-AION with cerebral stroke (see above) that is
the primary reason for the confusion and controversy on
the pathogenesis and management of NA-AION.

Ocular Conditions Associated with NA-AION
and Risk Factors
The association of NA-AION with a number of ocular
and optic nerve head conditions has been reported by
various studies. These conditions include:

Absent or Small Cup in the Optic Disc
In 1974, based on my [267] study in AION, I reported
that seven of ten eyes with NA-AION had no optic
disc cup and the remainder only a small cup. That

observation since then has been confirmed by many
large studies [106, 157, 268–271]. It is unfortunate
to find that tremendous stress has been placed upon
the importance of a small or absent cup (the catchphrase is “disc at risk” [272]) in NA-AION [272–
274], leading to almost a universal impression in the
ophthalmic community that a small or absent cup is
actually the primary factor in the development of the
disease. I have met persons without any visual complaint who have been alarmed by ophthalmologists
telling them that they were at risk of developing
NA-AION simply because they have no cup or a
small cup. In view of that, it is important to place
this subject in proper perspective; to do that one has
to look at the overall pattern of the cup/disc (C/D)
ratio in the normal general population versus that in
NA-AION patients.
C/D Ratio in Normal General Population
Information about the C/D ratio in persons without
NA-AION is provided by four general population
based studies [154–157, 275] (Table 14.2).
The Framingham Eye Study [154, 275], in a survey
of a general population without any visual complaint,
evaluated the C/D ratio in 5,054 eyes of persons of all
ages on ophthalmoscopy. Mean horizontal C/D ratio
was 0.250 (SD 0.159) and mean vertical C/D ratio
0.255 (SD 0.166). There was no evidence that the C/D
ratio changes significantly with age.

Table 14.2 Comparison of C/D ratio in patients with NA-AION versus the normal control group
Number of eyes
Method used to
Cup/disc ratio
Study group
Normal control
examined
evaluate C/D ratio
or with
NA-AION
Framingham eye study
[154]

Control

5,054

Ophthalmoscopy

Mean horizontal C/D ratio
0.250 ± 0.159; mean vertical
C/D ratio 0.255 ± 0.166

Rotterdam study [155]

Control

5,114

Stereoscopic image
analyzer

Mean 0.49 ± 0.14

Rotterdam study [156]

Control

5,143

Ophthalmoscopy

Mean 0.30 (standard error
0.0021)

Beck et al. [157]

Control

122

Ophthalmoscopy

<0.15 in 20%; <0.25 in 39%
(mean 0.31 ± 0.19)

Beck et al. [157]

NA-AION

126

Ophthalmoscopy

<0.15 in 48%; <0.25 in 71%
(mean 0.16 ± 0.15)

Hayreh and Zimmerman
[106]

NA-AION

65

Morphometric

<0.15 in 37% and <0.25 in
75% (mean 0.199 ± 0.093)

C/D cup-disc ratio, NA-AION non-arteritic anterior ischemic optic neuropathy, ± standard deviation

298

14

Pathogenesis of Classical Non-arteritic Anterior Ischemic Optic Neuropathy

The Rotterdam Study [155], based on a general
population study of 5,114 subjects, aged 55 years and
older, using a stereoscopic image analyzer, showed a
mean vertical C/D ratio of 0.49 (SD, 0.14), and mean
horizontal cup-to-disc ratio of 0.40 (SD, 0.14). It
showed no association of cup area, vertical C/D ratio,
or horizontal C/D ratio with age, refractive error or
height [155]. In another investigation [156], this
Rotterdam Study group evaluated vertical C/D ratio in
5,143 subjects, aged 55 years and older, by two methods – ophthalmoscopic and semiautomated. That study
showed a mean ophthalmoscopic vertical C/D ratio
0.30 (standard error 0.0021; range 0.00, 1.00) compared with a semiautomated measured vertical C/D
ratio of 0.49 (standard error 0.0019; range 0.04, 0.86).
This showed that semiautomated measurement of the
vertical C/D ratio is, obviously, larger than the ophthalmoscopically measured ratio. According to the
authors, the reason for this discrepancy is the use of
different criteria for defining the cup and possibly the
disc as well. The authors concluded that currently
“there is no gold standard for assessment of the VCDR
(vertical C/D ratio)” [156].
Beck et al. [157], in a study of 122 eyes of persons
without NA-AION, showed that 12% had no cup, 8%
had a C/D ratio 0.05–0.149, and 19% had a C/D ratio
0.15–0.249.
Comparison of Cup-Disc Ratio in Patients
with NA-AION Versus Normal Control Population
A study of 248 eyes (126 with NA-AION and 122
normal), by Beck et al. [157] showed that in normal
subjects 19% had no cup, 11% had a cup-disc ratio
0.05–0.149, and 16% had a cup-disc ratio 0.15–0.249.
That means that 46% of normal individuals had either
no cup or a small cup, compared to 77% in NA-AION
eyes. Our morphometric study [106] of the optic disc
in the 65 fellow normal eyes of patients with unilateral
NA-AION found a vertical C/D ratio of <0.15 in 37%
and <0.25 in 75% and horizontal C/D ratio of <0.15 in
31% and <0.25 in 82%. This shows that the C/D ratio
in persons with NA-AION is smaller than that of the
normal control population. The methods used to evaluate C/D ratio have been different in different studies,
resulting in different C/D ratios. However, the magnitude of the difference between the control eyes and
those with NA-AION suggests that this difference cannot be attributed solely to the different methods used to

estimate the C/D ratio in various studies. As mentioned
above, the semiautomated methods for measurement
of the C/D ratio (used in the Rotterdam Study [155]),
and our study [106] give a larger ratio than the ophthalmoscopically measured ratio [156].
The Role of an Absent or Small Cup in the Pathogenesis
of Development of NA-AION
As discussed above, since 1974 [267], it has been
shown that eyes with NA-AION have a significantly
higher prevalence of absent or small cup than the general population [106, 157, 268–271] giving almost a
universal impression in the ophthalmic community
that a small or absent cup is actually the primary factor
in the development of the disease or that those eyes are
at risk of developing NA-AION. This is not a valid
concept. The Framingham Eye [154, 275] and Beck
et al.’s [157] studies showed that not all eyes with no
cup or small cup develop NA-AION and, conversely,
some eyes with a larger cup do develop NA-AION (see
the case report below). The role of an absent or small
cup in the pathogenesis of the development of
NA-AION is discussed in detail elsewhere [106, 157].
Briefly, in the multifactorial scenario of the pathogenesis of NA-AION, one has to consider the role of the
following two factors relevant to C/D ratio.
(a)	The size of the physiological cup is determined
primarily by the size of the scleral canal embryologically [276]. With a small scleral canal, and
associated small opening in the Bruch’s membrane
in the region of the optic disc, there is a small or no
cup. The C/D ratio in persons with NA-AION is
usually smaller than that seen in general population. This means the optic discs of NA-AION
patients tend to have smaller openings in their
Bruch’s membrane and scleral canal than the general population, resulting in crowding of the optic
nerve fibers as they pass through the restricted
space in the optic disc and lamina cribrosa.
(b)	Ischemia or hypoxia of the axons in the optic nerve
head causes axoplasmic flow stasis [139, 174]
Axoplasmic flow stasis causes swelling of the
axons, and that is responsible for optic disc edema
in NA-AION.
Thus, the sequence of events in the development of classical NA-AION is this: Initially, optic nerve head ischemia/hypoxia causes axoplasmic flow stasis, which
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Fig. 14.11 Fundus photographs of the right eye showing optic
disc changes during follow-up. (a) Optic disc at initial visit during the first episode of NA-AION. (b) Optic disc on resolution

of optic disc edema. (c) Optic disc on recurrence of NA-AION.
(d) Optic disc at final visit

results in axonal swelling. If the optic disc has a cup, the
swollen axons can expand into that space without compressing any other tissues in the optic disc (see case
report below and Figs. 14.11 and 14.12). But when there
is no cup or only a small one, the swollen axons are
crowded in a restricted space in the optic disc. In that
case, the swollen axons can expand only by compressing the surrounding tissues. The tissues that are most
vulnerable to compression in this case are the capillaries
and other fine vessels lying among the nerve fibers.
Thus, swollen axons in a restricted space within the

optic disc produce secondary vascular changes [277]. It
has been shown that asymptomatic optic disc edema is
the earliest sign of NA-AION [113, 278]. It has also
been demonstrated that nocturnal arterial hypotension
precipitates the development of NA-AION [30]. Thus,
the available evidence indicates that the sequence of
events in the development of NA-AION is as follows:
Subclinical ischemia (hypoxia) of the optic nerve
head → axoplasmic flow stasis in the optic nerve
fibers → axonal swelling → asymptomatic optic disc
edema [113, 278](incipient NA-AION) → compression
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Fig. 14.12 Fundus photographs of the left eye showing optic
disc changes during follow-up. (a) Normal optic disc at initial
visit before it developed NA-AION. (b, c) and (d) Optic disc

during the first, second and third episodes of NA-AION respectively. (e) Optic disc at final visit
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Fig. 14.12 (continued)

of the intervening capillaries by swollen axons in a
crowded disc → setting up a vicious cycle, i.e. the greater
the compression of capillaries, the greater the blood
flow compromise, the greater the axoplasmic flow stasis
and the more axonal swelling. Since compression of the
optic disc capillaries increases the vascular resistance in
them and compromises their blood flow, a fall of blood
pressure must further derange their blood flow.
Therefore, in this situation, a fall of perfusion pressure
in the optic disc capillaries due to nocturnal arterial
hypotension results in marked ischemia and that precipitates visual loss (symptomatic NA-AION), which is
usually discovered on waking up in the morning [30].
From this sequence of events, it is evident that in
the multifactorial scenario of the pathogenesis of
NA-AION, contrary to the prevalent impression, an
absent or small cup is simply a secondary contributing factor, ONCE the process of NA-AION has
started, and NOT a primary factor [113, 157, 279].
What happens when an eye with a large optic
disc cup develops NA-AION?
When an eye has a large cup, the latter acts as a
protective mechanism, providing space for the swollen
axons to expand into, resulting in much less interference in the optic nerve head circulation than would have
happened had there been no cup. This was very well
demonstrated by one of our patients (personal communication from ES Birkholz, SS Hayreh, JJ Corbett).
A 27 year old Caucasian woman, with a strong history
of classical migraine since the age of 26 years, she
first developed NA-AION in her right eye at age 27
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(Fig. 14.11a) and in the left eye at 31 (Fig. 14.12b).
Over 35 years of follow-up, she had one recurrence of
NA-AION in the right eye 10 years after the initial
episode (Fig. 14.11c) and two in the left eye, the first
7 years (Fig. 14.12c) and the second 20 years
(Fig. 14.12d) after the initial episode. Each episode
was associated with an attack of migraine. During all
the episodes the visual acuity was 20/20 to 20/15 in
both eyes. Manual kinetic perimetry with a Goldmann
perimeter showed minimal visual field defects: in the
right eye, during the first episode there was a relative
superior centrocecal scotoma with I-2e isopter only,
touching fixation, and during the second episode only
an enlarged blind spot. In the left eye, during the first
episode there was a small superior centrocecal scotoma
with I-2e and I-4e isopters 5° from fixation, during the
second episode a small superior centrocecal scotoma
with I-2e isopter only extending up to 7° from fixation,
and during the third episode mild enlargement of the
blind spot. In both eyes, during all these episodes, the
peripheral fields were normal. At final evaluation
35 years after her first episode, her visual acuity was
20/20 in the right eye and 20/25 in the left, and visual
fields showed only mild peripheral constriction in the
inferior nasal region in both eyes and a small centrocecal scotoma in the right eye extending up to 2° from
the fixation point (Fig. 14.13). The optic discs in both
eyes showed marked enlargement of the blind spots
(Figs. 14.11d and 14.12e). She showed no evidence of
demyelinating disease or optic neuritis with normal
brain and orbit imaging.
Changes in the optic disc cup size during the various
episodes were highly instructive. The left eye had a
large optic disc cup before it developed NA-AION
(Fig. 14.12a); however, when the disc was edematous
due to NA-AION, it was either reduced to a very small
size (Fig. 14.12b) or completely obliterated (Fig. 14.12c,
d) due to swollen axons expanding into the cup.
Similarly, in the right eye, on resolution of optic disc
edema after the first episode, the optic disc had a large
cup (Fig. 14.11b) but when the disc was edematous, the
cup was reduced to a small size (Fig. 14.11a) or completely obliterated by the swollen axons expanding into
the cup (Fig. 14.11c). Figures 14.11d and 14.12e show
marked enlargement of the cups in both eyes after
recurrent episodes of NA-AION in them over 25 years
(compare these with the initial normal cup size of the
right eye in Fig. 14.11b and the left eye in Fig. 14.12a).
In spite of repeated episodes of NA-AION in both eyes
(two in the right and three in the left), the visual acuity
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of normal visual acuity and none or minimal demonstrable visual field defect is also seen in eyes with glaucomatous optic neuropathy. Thus, a diffuse loss of nerve
fibers is compatible with normal visual acuity and little
or no visual field loss in both NA-AION and glaucomatous optic neuropathy. This case shows that, while a
large optic disc cup protects the eye from suffering
severe visual loss, it does not completely protects it
from having a diffuse nerve fiber loss.

Refractive Error
It is interesting to consider whether refractive error has
any role to play in NA-AION. This can be tested by the
following two studies:

Fig. 14.13 Visual fields plotted with a Goldmann perimeter, of
the right (A) and left (B) eyes at the last clinic visit

was normal in both eyes and there was finally only a
mild degree of visual field defect in both eyes
(Fig. 14.13). This is because the large cup acted as a
protective mechanism, providing space for the swollen
axons to expand into, resulting in much less interference
in the optic nerve head circulation than would have happened had there been no cup. The other interesting feature of this case is that the cup size increased markedly
in both eyes (see Figs. 14.11d and 14.12e), which clearly
indicates that there was a marked diffuse ischemic nerve
fiber loss in both optic nerves, due to recurrent episodes
of NA-AION in both eyes, rather than localized nerve
fiber loss (usually seen in classical NA-AION with no
cup). I have sometimes seen similar enlargement of the
cup in other NA-AION eyes with cups. In spite of
marked enlargement of the optic disc cup, the presence

(a)	Relationship between Refractive Error
and C/D Ratio
Tomlinson and Phillips [280] stated that the more
hypermetropic the eye, the smaller the C/D ratio, and
conversely the more myopic an eye, the larger the C/D
ratio. The Rotterdam Study [155], by contrast, showed
no association of C/D ratio with refractive error in the
general population. That was also true in another study
[157]. Our morphometric study [106] in fellow normal
eyes of patients with unilateral NA-AION showed that
for the horizontal C/D ratio, a higher degree of myopia
and higher degree of hyperopia were both significantly
associated with a larger C/D ratio (p = 0.021 for myopia
and p = 0.004 for hyperopia). A similar pattern was
seen for the vertical C/D ratio in hyperopia (p = 0.057)
but not in myopia (p = 0.428). Thus, none of the studies
based on much larger populations supports the conclusion of Tomlinson and Phillips [280]. This indicates
that refractive error does not contribute to NA-AION.
(b) Refractive Error in Eyes with NA-AION:
In our study of 608 consecutive NA-AION patients
[106], there was no significant (p = 0.289) difference in
spherical equivalent refraction in eyes with NA-AION
compared to that of an age matched general population
in the Framingham Eye Study cohort [275]. There was a
significant (p < 0.0001) association between age and
refractive error but no difference between males and
females (p = 0.976). Our study [106] contradicted the
findings of three previous studies based on 126 [157], 50
[281] and 37 [282] eyes respectively, which suggested
that patients with NA-AION are more hypermetropic
than the control group. Of the three previous studies, the
study by Beck et al. [157] had the largest number of
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eyes, i.e. 126 eyes with NA-AION. In that study, the
mean age of the NA-AION group was 62 years while
that of the control group was 37 years; that marked age
difference accounts for the finding of more hypermetropia in the NA-AION group than in the control group.
This is further supported by the fact that in that study
there was no difference in refraction between NA-AION
and arteritic AION eyes because those groups were
almost similar in age. The other two studies [281, 282]
had age-matched control groups but the sample size was
small; it is possible that with a much larger sample size
their findings might have been different.
Thus, one can conclude that refraction does not play
any role in NA-AION.
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Optic Disc Drusen
There are several reports of NA-AION in eyes with
optic disc drusen [283–292]. Most of them are anecdotal cases reports rather than a large series. NA-AION
in such cases can occur in young persons. In one report
it was see in a young boy of only 13 years [287]. There
are reports of NA-AION with drusen seen in persons
in their 20s [283–285]. However, it can occur at any
age. I have seen some cases of NA-AION in eyes with
optic disc drusen. I have found that visual field defect
in such cases may be progressive in nature. These
patients may report episodes of transient visual blurring or loss. As regards management of these cases,
unfortunately there is no definite treatment available.
I have treated some of these patients with intraocular
pressure lowering therapy when they had a progressive
visual loss, which resulted in stable vision; however, it
is hard to be sure whether that was effective or not.
Following are the various ways of diagnosing optic
disc drusen.
1. Ophthalmoscopy: The best way to see optic disc
drusen on ophthalmoscopy is to indirectly illuminate the optic disc by shining the ophthalmoscope
light just at the edge of the rim, and the drusen then
usually light up.
2. Fundus photography: The drusen are autofluorescent. Therefore, they can be seen easily with a fluorescein fundus angiography camera without the
injection of fluorescein (Fig. 14.14).
3. Ultrasound: this is helpful in eyes with buried drusen.
4. Computed tomographic scanning is also helpful in
eyes with buried drusen.

Fig. 14.14 Optic disc drusen in a 28-year-old woman in her left
eye: (a) fundus photograph and (b) showing auto-fluorescence
of the drusen

Raised Intraocular Pressure
The blood flow in the optic nerve head capillaries
depends upon the perfusion pressure in them (perfusion pressure = mean blood pressure minus intraocular pressure). A rise in intraocular pressure reduces
the perfusion pressure and is an important risk factor
in the production of NA-AION in susceptible individuals, e.g., in acute angle closure glaucoma, during the immediate post-operative period after cataract
extraction [146], in neovascular glaucoma with ocular ischemia due to internal carotid artery and/or
ophthalmic artery stenosis or occlusion [144, 145],
or in eyes with already low perfusion pressure in the
vessels of the optic nerve head due to other causes.
During surgical procedures under general anesthesia, inadvertent pressure on the eyeballs, with or
without systemic arterial hypotension, can produce
NA-AION.
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Post-cataract Extraction-NA-AION (PCE-NA-AION)
This is a type that develops during the period immediately after a cataract extraction [146]. As discussed
above, blood flow in the optic nerve head capillaries
depends on the perfusion pressure, which is equal to the
mean blood pressure minus the intraocular pressure.
Thus, a fall of the perfusion pressure (caused by either a
fall of mean blood pressure or a rise of intraocular pressure) below a critical level results in ischemia of the optic
nerve head. A rise of intraocular pressure during the
immediate postoperative period has been reported [146].
A fall of blood pressure does occur during deep sedation,
sleep and prolonged general anesthesia. Thus, in susceptible persons, with serious cardiovascular disorders, and
in eyes with poor circulation in the optic nerve head, any
transient rise of intraocular pressure combined with a fall
of blood pressure can easily compromise the circulation
in the optic nerve head and produce NA-AION. It could
be argued that retrobulbar injection for cataract extraction could directly press on the PCAs and produce ischemia. This seems unlikely because, first, the rise in orbital
pressure is extremely short-lived after the injection; second, opening the eye for cataract extraction reduces the
intraocular pressure to zero and would increase the perfusion pressure; and third, there is no evidence of choroidal ischemic lesions in these eyes. If retrobulbar
hemorrhage develops in the orbit secondary to the injection, that can cause the intraocular pressure to rise to high
levels, which in persons with poor circulation in the optic
nerve head can result in optic nerve ischemia.
Patients with PCE-NA-AION in the first eye run a
high risk of development of PCE-NA-AION in the second eye [146, 293]. In the study by Lam et al. [293],
they compared the incidence of development of
NA-AION in the fellow eye of patients who developed
PCE-NA-AION in the first eye versus those who developed NA-AION in the first eye without cataract extraction. They found that risk of NA-AION occurrence in
the fellow eye was 3.6-fold in the former compared to
the latter. The occurrence of PCE-NA-AION in the
first eye should be a definite warning to the surgeon
that the second eye is equally vulnerable to NA-AION.
With patients who are going to have cataract extraction
on the second eye and who have had PCE-NA-AION
in the first eye, one must institute all possible prophylactic measures to prevent post-extraction ocular hypertension. That also applies to those who undergo other
surgical procedures associated with prolonged general
anesthesia and/or systemic arterial hypotension.

In contrast to the PCE-NA-AION discussed above, a
number of cases of ordinary NA-AION in aphakic eyes
have been described in the literature [294]. In all the
eyes, the so-called “optic neuritis” which developed
weeks, months, or even years after the cataract extraction
cannot be attributed to the latter. Reese and Carroll [295]
commented that, for 1–2 months after the extraction,
“visual acuity was good (usually normal),” and the same
seemed to be implied in the majority of other reports.
This is in sharp contrast to eyes with PCE-NA-AlON,
where NA-AION develops during the immediate postoperative period, with none of the patients ever having a
normal visual function after the cataract extraction and
before the onset of NA-AION. Thus, the so-called “optic
neuritis” in aphakic eyes in the previous reports did not
represent PCE- NA-AION but, in fact, represents normal
NA-AION occurring independently in persons past
middle age; aphakic eyes are as vulnerable to NA-AION
as phakic eyes. There is a high incidence of involvement
of the second eye by NA-AION in phakic eyes; similarly
Carroll [294] emphasized the frequent involvement of
the second eye in aphakic NA-AION cases but erroneously attributed this to cataract extraction.
In conclusion, patients with unilateral NA-AION are
at a significantly higher risk of developing NA-AION in
the fellow eye after cataract extraction; this is because
most of the risk factors which made a person susceptible
to NA-AION following cataract extraction in the first
eye still exist. This can be prevented if it is anticipated
and adequate prophylactic measures are taken against
the rise of intraocular pressure and fall of systemic blood
pressure. The rarity of this condition in clinical practice
may be more apparent than real because of lack of
awareness. Eyes with ocular ischemic syndrome are at
risk of developing NA-AION and their intraocular pressure should be kept as low as possible; caution: in these
patients, avoid giving beta-blocker eye drops to lower
intraocular pressure, because our study [296] showed
that that can cause significant nocturnal arterial hypotension and may result in development of NA-AION in
persons with predisposing risk factors. To avoid development of NA-AION during surgical procedures under
general anesthesia, avoid any pressure on the eyeballs.

Marked Optic Disc Edema
When there is marked optic disc edema due to raised
intracranial pressure [277], transient obscuration of
vision may be the presenting or a prominent feature.
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The attacks may be brought about by a change of posture, sudden movement of the eye, stooping or rubbing
the eyes; these are due to a transient fall in perfusion
pressure caused by either a rise in intraocular pressure
or fall of systemic blood pressure. The transient obscuration may progress to development of NA-AION.
The mechanism of development of transient obscuration and the development of NA-AION in such cases
is as follows [297]: The normal prelaminar region of
the optic nerve head lies in a restricted space, surrounded by an unyielding Bruch’s membrane and
contains nerve fibers, the intervening glial septa and
the fine vessels of this region lying in the septa (see
Chap. 2). Swelling of the optic disc in optic disc edema
is primarily due to the swelling of the nerve fibers as a
result of axoplasmic flow stasis in raised intracranial
pressure [298, 299]. As discussed above, this swelling
of the axons in a restricted prelaminar region compresses the fine vessels in this region; those fine vessels are likely to be the first victims, particularly the
fine venules and the capillaries [277]. Compression of
the blood vessels in the optic nerve head may be further aggravated by extracellular fluid accumulation
due to secondary vascular changes caused by marked
optic disc edema. That this does happen is suggested
by our fluorescein fundus angiographic studies in the
eyes with optic disc edema. These revealed circulatory
stasis in the prelaminar region in eyes with moderate
and marked optic disc edema. In the normal optic disc,
the prelaminar capillaries start to fill either before the
retinal arteries or during the very early part of the retinal arterial phase, but in eyes with optic disc edema
they showed no filling until either the later stage of the
retinal arterial phase or even later; this was particularly
noticeable in eyes with moderate and marked optic
disc edema. The circulation in the prelaminar part of
the optic nerve head, as in other intraocular vasculature, depends on the perfusion pressure in the capillaries. In the case of a swollen optic disc, the tissue
pressure surrounding the prelaminar capillaries is high.
In light of this evidence, it is logical that when the circulatory stasis develops in the prelaminar capillaries, a
critical balance may exist between the blood pressure
in the capillaries and the surrounding tissue pressure.
Any factor that causes an increase in the intraocular
pressure or optic nerve head tissue pressure, or a fall of
the blood pressure in the capillaries, would induce
transient obscuration. In most of these patients, attacks
of transient obscuration are brought on by suddenly
standing up from a sitting position, and the visual
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symptoms resembled those seen with orthostatic
hypotension. This change of posture produces a transient fall of blood pressure and lowers the mean blood
pressure in the prelaminar capillaries, resulting in a
transient ischemia. Similarly, any factor causing a
rise of intraocular pressure, e.g., rubbing of the eyes,
stooping, a strong contraction of the lids, or strong
contraction of the extraocular muscles, can produce
transient ischemia of the prelaminar region in a previously existing state of circulatory stasis. A prolonged
fall of perfusion pressure in the optic nerve head capillaries (as for example due to nocturnal arterial hypotension during sleep) finally results in development of
NA-AION. Thus, marked optic disc edema predisposes the eye to NA-AION.
It could be argued that axoplasmic flow stasis may
have some role in the development of visual disturbances and optic atrophy in optic disc edema.
Axoplasmic flow itself is not concerned with transmission of a visual impulse [300] – the two are independent processes. This is very well demonstrated by optic
disc edema in raised intracranial pressure, which,
though due to axoplasmic flow stasis [299], is not
accompanied by any detectable axonal dysfunction per
se. There are other similar examples of optic disc
edema due to axoplasmic flow stasis without any visual
dysfunction. Therefore, as discussed elsewhere [277],
axoplasmic flow stasis per se cannot produce visual
disturbances. There is not much evidence to suggest
the possibility that long-term axoplasmic flow stasis
may produce degeneration of the axons and thus optic
atrophy. The overwhelming evidence favors ischemia
as the major factor in the development of transient
obscuration, which progresses to NA-AION and later
on optic atrophy in some cases.

Location of the Watershed Zone of the PCAs
in Relation to the Optic Disc
This is discussed at length in Chap. 3. This almost universally ignored factor plays a key role in the development of optic nerve head ischemia. It is well-established
that in the event of fall of perfusion pressure, a watershed zone, being an area of comparatively poor vascularity, is most vulnerable to ischemia. For example, the
development of cerebral watershed zone infarcts following a fall of perfusion pressure in the cerebral
arteries is well known. Similarly, in the event of a fall
in perfusion pressure in the choroidal vascular bed
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Fig. 14.15 Diagrammatic representation of some of the locations of the watershed zones (shaded area) between the medial and
lateral PCAs in human eyes (Reproduced from Hayreh [300])

supplied by the PCAs, the part of the optic disc located
in the watershed zone is more susceptible to ischemia
than the rest [98] (Fig. 14.15, see Figs. 3.39, 3.41,
3.45, 3.52, 3.53, 3.54, 3.56–3.59). As discussed in
Chap. 3, the location of the watershed zone in relation
to the optic nerve head shows marked inter-individual
variation. If the optic disc is situated away from the
watershed zone (Fig. 14.15a), in the event of a fall in
perfusion pressure in the choroidal vascular bed, it is
relatively safe; however, if the entire disc lies on the
watershed zone (Fig. 14.15c), it is most vulnerable to
ischemic damage. Thus, in the event of a fall in perfusion pressure in the PCA (choroidal vascular bed) and
development of a watershed zone filling defect, the
vulnerability of the optic nerve head to ischemia
depends upon its relationship to the watershed zone
filling defect. That evidently must determine the extent
and site of visual loss.

Vascular Disorders of the Nutrient Vessels
of the Optic Nerve Head
As detailed in Chap. 5, defective autoregulation, vasospasm, arteriosclerosis, atherosclerosis, and other vascular disorders of the ophthalmic artery and/or PCAs
may make the optic nerve head susceptible to ischemic
disorders [110, 141].

Deranged Autoregulation of Optic Nerve Head
Blood Flow
The important role played by autoregulation of
blood flow in the optic nerve head is fully discussed
in Chap. 5. Its derangement makes an optic nerve
head vulnerable to development of ischemic disorders. Unfortunately, we have no means to evaluate

Neural Ischemia Not an “All or None Phenomenon”

that, which has resulted in controversy about the
pathogenesis of NA-AION [100].

Absence of Blood-Optic Nerve Head Barrier
in the Prelaminar Region
As discussed in Chap. 4, there is evidence that the
absence of a blood-optic nerve head barrier in the
prelaminar region plays a role in the development of
hypertensive optic neuropathy [173] and methanol
toxic optic neuropathy [302] by the mechanism discussed there. It is quite possible that in some cases of
NA-AION, the absence of a blood-optic nerve barrier
in the prelaminar region may also be playing a role.
For example, from time to time I have come across
patients (particularly persons with type A personality
[32]) who complained of developing of blurring of
vision and even NA-AION when exposed to a stressful
situation. There is a huge volume of literature showing
the association between stress and the release of
catecholamines (norepinephrine and epinephrine).
Norepinephrine and epinephrine are vasoconstrictors,
which can leak from the choriocapillaris into the choroidal interstitial tissue, and through the Border tissue
of Elschnig into the prelaminar region, and result in
optic nerve head ischemia, by the mechanism discussed above in hypertensive optic neuropathy.

Posterior Vitreous Detachment
Some seem to imply that the presence or absence of
posterior vitreous detachment plays a role in the development of NA-AION. In our study [303], evaluation of
posterior vitreous detachment in patients with
NA-AION showed that in patients with uniocular
NA-AION, there was no significant difference in posterior vitreous detachment between the affected eye
and the fellow normal eye.

Neural Ischemia Not an “All or None
Phenomenon”
In any consideration of the effect of ischemia on the
neural tissue, it is of fundamental importance to appreciate the fact that neural ischemia is not an “all or
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none” phenomenon. There is a whole spectrum of
ischemia, varying from very mild to severe: the former
producing only subtle physiological derangement of
some of the neural components, while the latter results
in immediate, complete infarction of all neural tissues.
Thus, the concept that ischemia always produces
“infarction” is simply not correct. Moreover, there is
a good deal of evidence available that different components of neural tissues have a different susceptibility to
ischemic damage. The subject was discussed at length
elsewhere [278]. Briefly, in AION, one end of the
spectrum is very mild ischemia, which in the optic
nerve head produces only axoplasmic flow stasis, and
consequently optic disc swelling and incipient
NA-AION [113, 278], without interfering with the
transmission of a visual impulse along the axon (hence
no visual loss); while at the other extreme is the severe
ischemia that causes infarction of all the neural tissues
in the optic nerve head, with swollen optic disc and
complete loss of vision, as seen in arteritic AION with
complete thrombotic occlusion of the PCA. There is a
whole wide range between the two extremes. Thus,
different grades of ischemia in the optic nerve head
have different effects and manifestations, and the clinical entity “anterior ischemic optic neuropathy” encompasses the entire range. In malignant hypertension, the
ischemic damage to the optic nerve head may vary
widely with different sequelae so that hypertensive
optic neuropathy, which in fact is NA-AION [169],
would manifest in different ways in different eyes.
This wide spectrum has importance from the point
of view of the management of AION. A mild ischemia results in impaired axonal function (visual loss)
without the death of the axon, and given a chance it
can recover its function, as shown by the spontaneous
visual improvement, without any treatment, in at least
40% of NA-AION eyes recorded by two large prospective studies [304, 305]. It is like a starving person
who is unable to work due to starvation but is not
dead, who, given food, can recover to his normal level
of functioning. By contrast, severe ischemia produces
immediate death of neural tissue, as in arteritic AION
where there is no recovery of visual function [306,
307]. Knowledge of the initial loss of visual function
does not give us any information about the transient or
permanent nature of that loss of function. The clinical
picture of AION thus can vary widely, reflecting this
wide spectrum in severity of ischemia. Lack of appreciation of this simple fact has caused marked
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confusion on the subject of neural ischemia and
AION, and posed a problem in its management. Thus,
when there is hypoxia of axons, as happens in most
NA-AION cases, the use of the term “infarction” in
not justified.

Conclusion
From this brief discussion about the pathogenesis of
NA-AION and about the various factors that influence the blood flow in the optic nerve head (see
Chap. 5), the great complexity of mechanisms of
development of NA-AION becomes clear. A whole
host of systemic and local factors, acting in different combinations and to different extents, may
derange the optic nerve head circulation, with some
making the optic nerve head susceptible to ischemia and others acting as the final insult. Nocturnal
hypotension seems to be an important precipitating
factor in the susceptible patient. The quest for a
single “villain” that causes NA-AION is a mistaken
and misleading endeavor, which has resulted in
controversy and confusion. Contrary to the common misconception, NA-AION is not a thromboembolic disorder in the vast majority of cases (see
above) but a hypotensive disorder. Thus, the pathogenesis of NA-AION is complex but not, as often
stated, unknown.
In the vast majority, NA-AION is due to ischemic
insult in the optic nerve head supplied by the PCA
circulation; however, rarely it can be caused by acute
ischemia of the axial part of the anterior optic nerve
supplied by the intraneural branches of the central
retinal artery (see above).
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Pathogenesis of Some Controversial
Non-arteritic Anterior Ischemic Optic
Neuropathy Clinical Entities

There are some cases of non-arteritic anterior ischemic
optic neuropathy (NA-AION) whose very existence,
nature and pathogeneses have been controversial and
require detailed discussion.

Incipient NA-AION
A disease usually evolves from a latent phase to a
symptomatic phase. Incipient NA-AION is an example
of that. Patients with NA-AION typically present with
a history of sudden visual loss, optic disc-related visual
field defects and optic disc edema in the involved eye.
In 1981, I [1] reported that “symptomless optic disc
edema precedes the visual loss and may be the earliest
sign of AION (NA-AION).” There is a widespread
belief that unless and until there is sudden visual loss,
in addition to optic disc edema, it cannot be NA-AION.
This has resulted in: (a) missing the diagnosis of
NA-AION when a patient presented initially with only
asymptomatic optic disc edema, and (b) extensive and
expensive neurologic and other investigations. For
example, initial asymptomatic optic disc edema in diabetics has been designated “diabetic papillopathy” or
“diabetic papillitis.” Similarly, initially asymptomatic
optic disc edema in patients who take amiodarone has
been considered “amiodarone optic neuropathy.”
We [2] recently presented a series of 60 eyes with
this clinical entity, calling it, more accurately, “incipient NA-AION”, and discussed its pathogenesis based
on the findings in those cases. It is well-established
now that axoplasmic flow stasis is the common pathway for development of optic disc edema in a variety
of conditions [3–5]. Ischemia of the axons is known to
produce axoplasmic flow stasis [3, 6], as has been
demonstrated in AION [6]. To understand the
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pathogenesis of incipient NA-AION, one has to
consider the following two basic facts:
1. Axoplasmic flow itself is not concerned with transmission of a visual impulse [7] – the two are independent processes. This is very well demonstrated
by optic disc edema in raised intracranial pressure,
which, though due to axoplasmic flow stasis [4], is
not accompanied by any detectable axonal dysfunction per se. There are other similar examples of
optic disc edema due to axoplasmic flow stasis
without any visual dysfunction.
2. While considering the effect of ischemia on neural
tissue, it is vital to appreciate that, contrary to the
general impression, ischemic damage does not
follow an “all or none” law (discussed elsewhere
[1] – see Chap 14). Available evidence indicates
that subclinical ischemia only produces axoplasmic
flow stasis without interfering with transmission of
visual impulses and without producing infarction –
this is the case in incipient NA-AION. At the other
end of the scale is severe ischemia, which can result
in infarction of the optic nerve head, as is seen in
arteritic AION, with complete, permanent loss of
vision. Therefore, ischemia can cause optic nerve
head ischemic damage of varying severity. In considering the natural history of NA-AION, one must
not equate acute ischemia with infarction; acute
ischemia of the neural tissue does not always produce infarction and complete loss of function. There
is now ample evidence in the literature that many
such patients may recover a variable amount of
function after an acute ischemic episode of the nervous system, as well as of the optic nerve [8–11].
The factors that initiate the subclinical ischemia of the
optic nerve head in the first place are still not fully
understood. As discussed in Chap. 14, available
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evidence indicates that NA-AION is a multifactorial
disease [12, 13] with several risk factors playing roles
and contributing to deranged optic nerve head blood
flow. Those factors that influence the optic nerve head
blood flow are discussed at length in Chap. 5.
From the available evidence, incipient NA-AION
most likely represents the earliest clinical stage in the
evolution of classical NA-AION. It may progress to
the classical NA-AION with visual loss. There are
several reports in the literature of the progression of
incipient NA-AION to classical NA-AION [1, 2, 14–
17]. In my initial study [1], I reported progression in 2
of 4 patients with incipient NA-AION after 7 and
12 weeks respectively. I was able to find in the literature reports of seven similar cases [14–17], who progressed after 3 days (one case) [16], 2 weeks (one case)
[17], 4–6 weeks (4 cases) [14], and “at a later date”
(one case) [15]. Since then, in our study [2] of 54
patients (60 eyes) with incipient NA-AION, we found
that 25% of the incipient progressed to classical
NA-AION (after a median time of 5.8 weeks).
The following mechanism seems to be responsible
for the progression of incipient NA-AION to classical
NA-AION. Almost all the eyes with incipient NA-AION
have no cup on the optic disc. This means that these
eyes have a very restricted space in the optic nerve
head, surrounded by a tight Bruch’s membrane and
small scleral canal, resulting in crowding of the nerve
fibers. For swollen axons to expand in such a restricted
space, they have to displace or squeeze surrounding tissues, and the only tissues they can compress are the
capillaries lying in between them, because of the very
low pressure in the latter. Thus, axonal swelling from
subclinical ischemia produces secondary vascular
changes in the optic nerve head [2, 5, 18]. That can set
up a vicious cycle: axonal swelling ® compression of
capillaries lying in between them ® reduced blood
flow ® more ischemia of the axons ® increase in
axoplasmic flow stasis ® more swelling of the
axons ® finally resulting in marked ischemia and visual
loss. In addition to that, once the capillaries in the optic
nerve head are compressed, that increases the vascular
resistance in them and consequently they require a
higher level of blood pressure to maintain an adequate
blood flow. If the blood pressure falls below critical levels, as in nocturnal arterial hypotension [19–22] or for
any other reason, incipient NA-AION may immediately
convert to classical NA-AION. Available evidence suggests that a fall of blood pressure in the optic nerve head

capillaries below the critical level is the “last straw” in
the scenario. Other factors such as defective autoregulation of blood flow in the optic nerve head, vascular
changes secondary to arterial hypertension, diabetes
mellitus and atherosclerosis, may also contribute to the
entire process of development of incipient NA-AION,
as well as its progression to classical NA-AION.
It seems that all NA-AION patients start with
asymptomatic optic disc edema. They are normally
seen only when they progress to classical NA-AION
with visual loss, unless they happen by chance to be
examined during the asymptomatic phase and the
incipient AION is discovered incidentally. The pathogenetic mechanism outlined above applies to classical
NA-AION as well [23, 24].

NA-AION Following the Use of
Phosphodiesterase Type 5 (PDE5)
Inhibitors
Since 1998, phosphodiesterase type 5 (PDE5) inhibitors have been used extensively for the treatment of
erectile dysfunction. These agents include sildenafil
(Viagra, Pfizer), vardenafil (Levitra, Bayer AG), and
tadalafil (Cialis, Lilly-ICOS LLC). Development of
NA-AION has been reported following the use of these
drugs [25, 26] – mostly Viagra. This has attracted a
good deal of interest and has become a controversial
topic which requires detailed discussion about its
pathogenesis. (It is discussed at length elsewhere
[25–27]). Following is a brief summary, based on: (a)
the blood supply of the optic nerve head: the factors
that influence the optic nerve head (ONH) blood flow
and its measurement (see Chaps. 5 and 6), (b) the
pathogenesis of NA-AION (see Chap. 14), and (c) the
systemic and ocular vascular effects of PDE5 inhibitors.

The Systemic and Ocular Vascular
Effects of PDE5 Inhibitors
Vascular endothelium plays an active role in vasomotor function and regulation of blood flow by release of
a variety of endothelial derived vasoactive agents [28]
(see Chap. 5). One of those agents is nitric oxide (NO),
which in turn induces vasodilation by increasing
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production of the second messenger cyclic guanosine
monophosphate (cGMP). PDE5 enzyme is found
within the vascular smooth muscle cells in the walls of
systemic arteries and veins. The activity of PDE5 regulates levels of vascular smooth muscle cGMP. Viagra,
a highly selective antagonist of PDE5, therefore,
enhances the effect of NO [29].
It is well-known that vasoconstriction of the terminal arterioles results in arterial hypertension by increasing the peripheral vascular resistance. Conversely,
dilation of the terminal arterioles decreases the peripheral vascular resistance, resulting in lowered blood
pressure, as is evident from the various drugs currently
used to treat arterial hypertension. PDE5 antagonists
enhance the effect of NO, which is a potent vasodilator
and results in dilation of terminal arterioles and consequently reduced vascular resistance and fall of blood
pressure. It is well-established that Viagra is associated with a fall of blood pressure [30–32].
Individuals using Viagra may also be taking arterial
hypotensive drugs for arterial hypertension or other cardiovascular disorders. The combination of antihypertensive therapy with PDE5 inhibitors has been shown to
cause more fall of blood pressure than these agents
individually [31, 33]. Development of orthostatic
hypotension has been reported when PDE5 inhibitors
are used in conjunction with an alpha-blocker [33].
Since NA-AION is an ischemic disorder of the
ONH, our primary interest here is the evaluation of
blood flow and its autoregulation in the ONH.
Unfortunately, we do not as yet have any reliable
method to obtain that information [34]. For example,
Pomeranz and Bhavsar [35] stated that Grunwald et al.
[36] found no significant change in the ONH blood
flow with Viagra compared with placebo, implying
that Viagra does not influence the ONH blood flow.
But they [36] used a Laser Doppler flowmeter to measure it, and the study by Petrig et al. [37] has clearly
shown that the Laser Doppler flowmeter does not measure the ONH blood flow reliably. Therefore, results
based on this method are not reliable [38].

Role of PDE5 Inhibitors in the
Development of NA-AION
One has to evaluate the role of Viagra and other PDE5
inhibitors (used for erectile dysfunction) in the
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development of NA-AION in the light of all the basic
scientific facts about the pathogenesis of NA-AION
and others factors discussed above and in Chap. 14.
From that information, it emerges the following factors play important roles.
1. A critical review of all the reported cases shows that
there is usually a close temporal relationship between
the ingestion of these drugs and onset of NA-AION.
There are also reports of repeated challenging with
the drugs reproducing the same results [35, 39]. For
example, Morgan et al. [40] described a patient who
suffered a transient ischemic attack followed by a
stroke in the same distribution 6 days later, each
event being associated with Viagra use. In another
study, Humphrey perimetry after ingestion of
200 mg of Viagra in a healthy young woman showed
bilateral superior and inferonasal visual field depression [41]. Sivaswamy and Vanstavern [42] reported
development of NA-AION in a child who was given
Viagra to treat pulmonary hypertension.
2. Most reported patients are middle-aged or elderly
men. Arterial hypertension, diabetes mellitus,
hyperlipidemia and other systemic cardiovascular
risk factors are common in this group. As discussed in Chap. 14, those factors predispose them
to NA-AION. Patients with arterial hypertension
and other cardiovascular disorders are routinely
prescribed beta-blockers, ACE-inhibitors, calcium
channel blockers or other drugs with an arterial
hypotensive effect. Patients with benign prostatic
hypertrophy too are often advised to take alpha
adrenoreceptor blocking agents at bedtime; these
drugs can aggravate the arterial hypotensive effect
of PDE5 inhibitors and may also produce nocturnal arterial hypotension [22, 43, 44]. Erectile dysfunction is a side-effect of many arterial
hypotensive drugs.
3. Our [22, 43, 44] 24 h ambulatory blood pressure
monitoring study showed that when patients took
an arterial hypotensive medication in the evening
or at bedtime, that aggravated the normal physiological fall of blood pressure during sleep, resulting in marked nocturnal arterial hypotension
(Fig. 15.1). Since Viagra and other erectile dysfunction drugs are most commonly taken in the
evening or before going to bed, their arterial
hypotensive effect is likely to add to nocturnal arterial hypotension.
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Fig. 15.1 Ambulatory blood pressure monitoring records
(based on individual readings) over a 24 h period, starting from
about 10 A.M., in a 63 year-old woman who developed normal
tension glaucoma while on Verapamil hydrochloride for
migraine (Reproduced from Hayreh [43]) (a) This record shows

when she was taking Verapamil 160 mg morning and bedtime
and 80 mg at noon, there was a marked degree of nocturnal arterial hypotension (b) This record shows a marked improvement
in nocturnal arterial hypotension on stopping the bedtime dose

4. In the vast majority of cases, nocturnal arterial
hypotension is the precipitating risk factor for
development of NA-AION in individuals with preexisting predisposing risk factors [21].
5. A recent experimental study showed that ingestion
of sildenafil as well as of tadalafil increased
intraocular pressure (IOP) [45]. The raised IOP

with sildenafil was approximately 1.6-fold higher
than normal, lasting for about 4 h, and with tadalafil
1.6- to 1.9-fold higher than normal for at least
48 h. The aqueous humor protein content was
approximately 39% higher with 100 mg sildenafil.
This transient rise in IOP, along with arterial
hypotension, may contribute in development of
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NA-AION by further decreasing the blood flow in
the optic nerve head, since blood flow in the optic
nerve head depends upon the perfusion pressure
(perfusion pressure = mean blood pressure minus
the IOP).
6. Like the vast majority of NA-AION patients, most
patients with NA-AION following ingestion of
Viagra discovered visual loss upon awakening in
the morning [21].
7. Phillips et al. [46] showed sympathetic activation
with Viagra and an associated increase in plasma
norepinephrine levels after Viagra administration;
they concluded that sympathetic activation by
Viagra may have implications for understanding
cardiovascular events associated with Viagra use.
Norepinephrine is a potent vasoconstrictor. For
example, in malignant arterial hypertension, ONH
ischemia and NA-AION are the results of diffusion
of vasoconstrictor agents from the peripapillary
choroid into the ONH [47]. That may be yet another
contributory factor in development of NA-AION
following Viagra.
8. Pomeranz et al. [48] concluded that: “A small cupto-disc ratio may be a risk factor for development of
NAION in association with the use of sildenafil.”
There is a prevalent misconception that an absent or
a small optic disc cup is the primary risk factor for
development of NA-AION (see Chap. 14). Studies
by Beck et al. [23] and us [24] investigated this subject in a large cohort of patients and showed that an
absent or small cup is simply a secondary contributing factor, once the process of NA-AION has
started, and not a primary factor.
When all the above evidence is put together, it suggests
that Viagra and other PDE5 inhibitors can result in
development of NA-AION in persons who already
have predisposing risk factors for NA-AION. As discussed previously [25], all this suggests a cause-andeffect relationship between the PDE5 inhibitor drugs
and development of NA-AION, despite the recent conclusion by Harris et al. [49] that “A causal relationship
between PD5 inhibitors and NAION has not been
established.” (Dr. Harris is a consultant to Pfizer Inc.,
manufacturer of Viagra).
Skeptics about the cause-and-effect relationship
between the use of Viagra and development of
NA-AION have put forward several arguments in support of their views, including the following:
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1. The most common argument is that the incidence
of development of NA-AION among millions of
person using erectile dysfunction drugs is so small
that it is hard to imagine that there is any causeand-effect relationship between the two. This
requires an explanation. NA-AION is an ischemic
disorder of the ONH. To understand the mechanism
of development of ONH ischemia requires an indepth understanding of the ONH circulation, which
is extremely complex, and is influenced by a large
number of factors, both systemic and local (see
Chap. 14). Erectile dysfunction is a side-effect of
many arterial hypotensive drugs. ONH circulatory
impairment is produced by these factors interacting
in different combinations, and to different extents
in different ONHs. Hence, ONH vascular insufficiency resulting in NA-AION is a highly complex
process [28], and NA-AION is multifactorial in
origin [12, 28]. The quest for a single “villain” that
causes NA-AION is a mistaken and misleading
endeavor, which has resulted in controversy and
confusion. To determine whether there is a causeand-effect relationship between a drug and development of NA-AION, the first important
consideration is whether that particular drug influences the factors that influence the ONH circulation. Several studies have demonstrated a fall of
blood pressure with Viagra (see above). In this connection, the findings of my study of 24 h ambulatory BP monitoring in more than 700 individuals
provide important evidence; that the development
of a certain amount of nocturnal arterial hypotension is a universal, normal phenomenon – yet not
everyone develops NA-AION, although nocturnal
arterial hypotension is the precipitating risk factor
in development of NA-AION in at least 73% of
patients [21]. Thus, it is a matter of: (a) what predisposing risk factors an individual has for development of NA-AION (see Chap. 14) and (b) how
much fall of blood pressure develops after taking
PDE5 inhibitors; these factors in concert determine
whether a person will develop NA-AION or not.
Another probable reason for the low reported incidence of NA-AION in persons using PDE5 inhibitors is that patients do not always tell their
ophthalmologists that they use these drugs, because
of embarrassment and/or because they do not see
any connection between the use of erectile dysfunction drugs and their eye problems.
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2. The other argument put forward has been that some
patients had been taking Viagra, without visual loss,
for a variable length of time before they finally
developed NA-AION, which may suggest that
Viagra was not the cause. All the available evidence
indicates that persons who develop NA-AION have
systemic and local risk factors which make them
susceptible to develop NA-AION. This is evident
from the fact that there is:
i. A fairly high incidence of development of
NA-AION in the fellow eye [50–52].
ii.	Some patients develop recurrence of NA-AION
in the same eye, but not all [53]. Our study [53]
showed that the only significant risk factor for
recurrence of NA-AION in the same eye is nocturnal arterial hypotension.
iii.	There is a high incidence of development of
NA-AION following cataract extraction in the
fellow eye [54].
In all these conditions, there is always a time lag between
the involvement of the two eyes or the subsequent episode, a lag which varies from a few days to several years.
If what the skeptics imply were correct, then all patients
developing NA-AION must develop it simultaneously in
both eyes, which is not the case at all. This indicates that
a critical combination of systemic and local risk factors
is required in each case before NA-AION will develop in
an eye. One of those factors is the extent of fall of blood
pressure required to produce the critical amount of
hypoperfusion in a susceptible ONH which will result in
the development of NA-AION. That may depend upon a
whole host of local ONH and systemic risk factors (see
Chap. 5) [28, 55]. As discussed in Chap. 6, we currently
lack the technology to evaluate fully the local risk factors
in the ONH and its blood flow in humans [34].
3. It has also been argued that NA-AION appears to
occur in some patients using erectile dysfunction
drugs who have no evident systemic or vascular predisposing risk factors. Among over 1,000 patients
with spontaneously-occurring NA-AION, whom I
have seen over the years, there were many who
seemed perfectly fit and healthy by the usual standards and on routine physical evaluation. Our inability to find a risk factor may not mean that it does not
exist; the fallacy of this argument is discussed recently
elsewhere [56] (see Chap. 14). This is primarily
because of serious limitations in our ability to detect
all the systemic and local risk factors. For example:

I. A
 patient may be having marked nocturnal
arterial hypotension, even not taking any blood
pressure lowering medication, while the daytime
blood pressure is absolutely ideal (Fig. 15.2).
II. It is always assumed that atherosclerosis is a disease of the elderly, but atherosclerotic plaques in
the coronary arteries were seen among “healthy”
young (average 22 years of age) American soldiers killed in the Korean War [57].
III. Blood flow autoregulation in the optic nerve
head plays an important role in its blood flow,
so that derangement of it plays an important
role in various types of circulatory disorders of
the ONH; but unfortunately, we have no means
of evaluating that so far.
IV. I [56] recently reported an interesting case,
who by all conventional standards was quite
fit, healthy and asymptomatic, and whose routine physical examination and electrocardiogram revealed no abnormality; however, a
Holter monitor for a totally unrelated reason
showed periods of complete cardiac asystole,
with flat electrocardiogram, lasting as long as
10 s every few minutes during sleep (see Fig. 6
in Chap. 14). During sleep that man could have
developed stroke, NA-AION and even could
have died from cardiac arrest. He required
urgent pacemaker implantation.
Thus, the axiom should be that if one does not find
any evident risk factor that does not necessarily mean
that person actually has no risk factors [56].
In conclusion, all the available evidence suggests a
cause-and-effect relationship between the ingestion of
erectile dysfunction drugs and development of
NA-AION. To reduce the incidence of development of
NA-AION following the use of these drugs, patients
with cardiovascular risk factors, diabetes mellitus,
sleep apnea, using arterial hypotensive drugs, and/or a
history of previous NA-AION need to be counseled
against their use, to prevent visual loss.

NA-AION in Persons Using
AMIODARONE
The prevalent view currently is that patients taking amiodarone (anti-arrhythmic drug) develop “amiodarone
induced optic neuropathy”. This was first reported

NA-AION in Persons Using AMIODARONE
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Fig. 15.2 Ambulatory blood pressure and heart rate monitoring
records (based on individual readings) over a 24 h period, starting
from about 11 A.M., in a 58 year old woman with bilateral
NA-AION, and on no medication. This shows that during the day

blood pressure is ideal; however, the systolic blood pressure dropped
from about 140 mmHg during the day to 90 mmHg on going to
sleep, and diastolic blood pressure dropped from about 80 mmHg
to low 40s during sleep (Reproduced from Hayreh et al. [22].)

twice in 1987. (1) Gittinger and Asdourian [58] reported
it in 3 eyes of 2 men receiving amiodarone, who were
first diagnosed to have “ischemic optic neuropathy” but
the authors later concluded that “We believe our patients
had an amiodarone-induced papillopathy.” (2) Feiner
et al. [59] reported 13 patients with this condition.
According to them “The clinical severity of this drugrelated optic neuropathy is milder than that characteristically described in anterior ischemic optic neuropathy.”
They stated that “Whether this result was due solely to
amiodarone therapy, to the underlying poor health of
these patients, or to a combination of these two factors
is uncertain.” Since then a considerable literature has
accumulated on “amiodarone induced optic neuropathy”, mostly anecdotal case reports. Mindel et al. [60]
in a closed-label amiodarone (n = 837) or placebo
(n = 832) prospective double-masked randomized trial
concluded that “At the doses commonly used clinically,

bilateral vision loss from amiodarone toxic optic neuropathy occurs infrequently, if at all.” Turdumambetova
et al. [61] reported an incidence of 1.3–1.8% of “amiodarone optic neuropathy” and stated that the “fundoscopic picture of amiodarone neuropathy is similar to
classic AION.” Murphy and Murphy [62] admirably
reviewed the role of amiodarone in the development of
optic neuropathy. In most reports it has been assumed
that a cause-and-effect relationship exists between amiodarone and the development of “amiodarone-related
optic neuropathy”; so much so, indeed, that a $20 million judgment was rendered against Wyeth Ayerst in
1997 for omitting blindness as a potential adverse effect
of amiodarone in its package insert.
Over the years I have seen cases with so-called
“amiodarone-related optic neuropathy”. In the light
of my research on various aspects of NA-AION,
reviewing the literature on “amiodarone-related optic
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neuropathy” and my clinical experience of such
cases, I [27] recently reviewed the entire controversy,
to ascertain whether there is a cause-and-effect relationship between amiodarone and the development of
so-called “amiodarone-related optic neuropathy” or
if it is in fact simply NA-AION developing in patients
suffering from cardiac arrhythmias and has nothing
to do with amiodarone. I find that the following facts
argue against a cause-and-effect relationship between
amiodarone and development of optic neuropathy.
1. Patients who take amiodarone have cardiovascular
disorders, which are per se well-established risk
factors for development of NA-AION [12, 20] (see
Chap. 14). Many of these patients also have other
risk factors for development of NA-AION as well,
e.g., arterial hypertension, diabetes mellitus, hyperlipidemia and ischemic heart disease [6, 12, 20].
They are potential candidates for NA-AION whether
they are taking amiodarone or not.
2. Patients on amiodarone often also take other drugs,
e.g., beta-blockers, calcium channel blockers, ACE
inhibitors and other drugs influencing the cardiovascular system. Our 24-hour ambulatory blood
pressure monitoring studies have shown that
patients on these drugs are at high risk of developing marked nocturnal arterial hypotension, which is
a common precipitating factor for development of
NA-AION [12, 19, 21, 22]. In our study at least
73% of NA-AION patients reported discovering the
visual loss on waking from sleep and the rest were
unsure of the time of onset [21].
3. One of the arguments put forward to differentiate
optic neuropathy in patients taking amiodarone
from NA-AION is that some of them develop
asymptomatic optic disc edema which may later
progress to visual loss. But asymptomatic optic disc
edema has been known as an early sign of NA-AION
since 1981 [1]. Our recent study of 60 NA-AION
eyes with initial asymptomatic optic disc edema
described the clinical entity as “incipient NA-AION”
[2]. Many of them progress to visual loss later on,
but not all. Optic disc edema for various reasons
can persist much longer than the 6–8 weeks, usually
seen with typical NA-AION [63]). In our series
[1, 2] of asymptomatic optic disc edema cases, not
one of the 55 patients (60 eyes) with incipient
NA-AION (i.e., NA-AION with asymptomatic
optic disc edema at the initial visit) was taking

a miodarone. Moreover, there are reports of patients
with asymptomatic optic disc edema progressing to
visual loss after amiodarone had been discontinued
[62]. The comparatively higher prevalence of
asymptomatic optic disc edema in NA-AION and
early detection in patients taking amiodarone may
be due the following reason: Classical NA-AION
patients are seen only after they have developed
visual loss; however, there is much higher chance
of that being discovered in patients on amiodarone
because of their frequent ophthalmic evaluation by
physicians who worry about ophthalmic side-effects
of amiodarone.
4. Most importantly, the clinical findings in these
patients are typically those of NA-AION, and not
like a toxic optic neuropathy.
Thus, in the multifactorial scenario of NA-AION, it is
the systemic cardiovascular risk factors rather than the
amiodarone that cause NA-AION.

Familial NA-AION
There are five reports in the literature representing ten
unrelated families in which more than one member
developed NA-AION [64–68]. We [68] have shown
that this rare entity of familial NA-AION is clinically
similar to the classical non-familial NA-AION, with
the exception that familial NA-AION occurred in
younger patients and caused much more frequent
involvement of both eyes than the classical
NA-AION.
As discussed in Chap. 14, NA-AION is a multifactorial disease. The various systemic and local factors
which make a person susceptible to it are discussed at
length there. These risk factors may be inherited or
acquired.

Inherited Familial Local and/or Systemic
Risk Factors for NA-AION
There is always the possibility that some common
inherited local and/or systemic risk factors in a family
could be responsible for more than one member in the
family developing NA-AION. In this context, one has
to consider the following possibilities.

Familial NA-AION

Inherited Absent or Small Cup of the Optic Disc
There is a prevalent misconception in the ophthalmic
community that an absent or small cup of the optic disc
plays a primary role in the development of NA-AION.
For example, Wang et al. [66] hypothesized that: “One
potential concern is that the familial incidence of disease
can be explained solely by the inherited anomalous disc.”
Available evidence does not support this view, as is evident from the following [2, 23, 24, 63, 69, 70]. The
Framingham Eye Study [69] of 4994 eyes of all ages in
the general population reported no cup in 11%, and a
cup-disc ratio 0.1 in 15%, 0.2 in 27% and 0.3 in 27%.
Thus, in that study the cup-disc ratio was £ 0.2 in 53%
and £ 0.3 in 80%. A prospective study of 248 (126 with
NA-AION and 122 normal) subjects by Beck et al. [23]
showed that 19% of normal subjects had no cup, 11%
had a cup-disc ratio of 0.05–0.149, and 16% had a cupdisc ratio of 0.15-0.249. This means that 46% of normal
individuals had either an absent cup or a small cup, compared to 77% in NA-AION eyes. While no doubt an
absent or smaller cup is significantly more common in
eyes with NA-AION than in the general population, studies [23, 24, 69] have shown that not all eyes with no cup
or a small cup develop NA-AION and, conversely, some
eyes with NA-AION have a larger cup. The role of an
absent or small cup in the pathogenesis of development
of NA-AION is discussed at length in Chap. 14. That
shows that an absent or small cup is simply a secondary
contributing factor, once the process of NA-AION has
started, and not a primary factor [2, 23–25, 71].
In our series [68], in patients with familial
NA-AION, there was no difference in the optic disc
cup pattern compared to that in classical NA-AION
eyes; hence, development of familial NA-AION can in
no way be attributed to that. Moreover, if an absent or
small cup were the cause of familial NA-AION, then it
would occur universally and not so rarely.

Inherited Thrombophilic Risk Factors
Because most ophthalmologists and neurologists consider NA-AION a thromboembolic disorder, akin to
stroke, some could argue that inheritance of some
thrombophilic factors could play a role in development
of NA-AION in more than one member of a family. In
this context, a consideration of the following two
important factors is essential.
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(a) Presence of inherited thrombophilic factors in
NA-AION patients: Glueck et al. [72] evaluated in
12 non-familial classical NA-AION patients (8
with unilateral and 4 bilateral NA-AION) homozygosity for the methylenetetrahydrofolate reductase
(MTHFR) C677T mutation. They claimed that
patients with NA-AION were more likely than
controls to demonstrate this homozygosity.
Therefore, they concluded that there was a causeand-effect relationship between coagulation disorders and NA-AION. In sharp contrast, Salomon
et al. [73] evaluated various genetic and acquired
thrombophilic markers, including MTHFR C677T
in 61 patients with classical NA-AION and found
no association between NA-AION and these
thrombophilic factors. Association between one of
the platelet glycoprotein polymorphisms and second eye involvement in NA-AION [74], and of
vascular tone (endothelial nitric oxide synthase
gene polymorphisms) with NA-AION [75] have
recently been reported; however, those observations still need further confirmation.
(b) NA-AION usually not a thromboembolic but a
hypotensive disorder: The subject is discussed at
length elsewhere (see Chap. 14). It is well established that stroke is usually a thromboembolic disorder. However, recent studies have shown that
NA-AION is usually a hypotensive disorder (as
discussed in Chap. 14, with nocturnal hypotension playing an important role) [19, 21, 22, 76].
This is further supported by the following
evidence.
i.	While it is well established that aspirin has a
beneficial effect in stroke (usually a thromboembolic disorder), NA-AION studies [51,
52] have shown that aspirin has no beneficial
effects (being usually a hypotensive disorder).
ii.	As discussed above, Salomon et al. [73] did
not find any association between NA-AION
and various thrombophilic factors they evaluated. This was also pointed out by others [77].
iii.	We [78] recently evaluated the role of tobacco
smoking in a prospective study of 624 consecutive patients with NA-AION, and found
no association between NA-AION and smoking. By contrast, there is a huge volume of literature showing a significant association
between smoking and stroke – a thromboembolic disorder [79].
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iv.	We [21] investigated seasonal variation in the
occurrence of NA-AION. There is a distinct
difference in the seasonal variation in onset of
NA-AION and systemic vascular accidents. As
discussed elsewhere (see Chap. 14), NA-AION
onset is significantly more frequent in the
Summer (or the hot months) than in the Winter
(or the cold months) (p=.0030). This is in contrast to the reported incidence of systemic vascular accidents, such as myocardial infarction
and cerebrovascular accidents, which are more
frequent during winter than other seasons [80–
82]. This indicates a difference in their pathogeneses. This also is evidence that it is a serious
mistake to equate NA-AION with stroke and
other systemic vascular accidents.
In the light of the discussion above, there is little evidence that thrombophilia plays any significant role in
development of NA-AION [70].

Inherited Systemic Diseases
Many studies have shown a significant association
between development of NA-AION and the presence
of some heritable systemic diseases. For example, a
significant association between diabetes mellitus and
NA-AION has been demonstrated [20, 50, 52, 71, 83].
Similarly, other systemic heritable diseases, such as
arterial hypertension, and hyperlipidemia, can also be
associated with NA-AION. It could be argued that
more than one member of a family can develop
NA-AION if several members of a family suffer from
one or more of these inherited systemic diseases. In the
three families with NA-AION in our series [68], there
was no evidence of any inheritance of such diseases
(one patient had end-stage renal disease from polycystic kidney associated with hypertension and hyperlipidemia, and only one had elevated cholesterol alone).
From all this evidence, one can conclude that none of
the inherited factors discussed above could have played a
role in development of familial NA-AION in our series.

Acquired Systemic Risk Factors
Of the patients in our study [68], there was a history of
smoking in 5 of the 14. No association between

NA-AION and tobacco smoking has been shown [78].
In our study [68], there was no evidence of any other
acquired systemic risk factors in the three families.

Hereditary Pattern Seen in Families
with Familial NA-AION
The majority of reported studies of familial NA-AION
showed no definite pattern of familial inheritance. The
pedigree reported by Berggren et al. [64] included
three members with NA-AION. The father married
twice: none of the five siblings from his first marriage
had any eye problems. Three (a brother and 2 younger
sisters) of seven brothers and sisters from the second
marriage had NA-AION. There was no family history
on the father’s or mother’s side of any eye problem.
Wang et al. [66], in a mailed survey of NA-AION cases
seen at Doheny Eye Institute, Los Angeles, USA found
four patients who reported relatives with NA-AION.
Of the four families, the first had 11 siblings (3 affected
with NA-AION), the second had 7 siblings (2 affected
with NA-AION) and the third and fourth families had
4 siblings each (each with 2 affected); of the nine
patients in this series, 66% were male. Manor [65]
reported NA-AION in identical female twins.
The three familial NA-AION pedigrees in our study
[68] had different patterns of inheritance (Figs. 15.3a-c).
In Family One, there were two generations of affected
family members with two cases of male-to-male transmission (Fig. 15.3a), which suggests autosomal dominant inheritance and excludes X-linked or mitochondrial
inheritance. In Family Two, the mother and three of her
four children had NA-AION (Fig. 15.3b), which is consistent with either mitochondrial inheritance or autosomal dominant inheritance. Finally, in Family Three,
six males with the same maternal lineage developed
NA-AION (Fig. 15.3c), suggesting mitochondrial inheritance. A mitochondrial sequence variations study [67] in
Family Three detected a previously unreported mutation
(G4132A) in all of the affected family members. The
presence of the G4132A mutation in this family suggests
that it may have a role in the pathogenesis of familial
NA-AION; however, since it was not detected in the
other two families in that series [68], nor in the cases of
classical NA-AION, normal control subjects, suspected
Leber’s hereditary optic neuropathy and Mitochondrial
Genome Database (Mitomap) [84], that suggests that the
G4132A mutation is not a cause of classical NA-AION

Familial NA-AION
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Fig. 15.3 Familial NA-AION pedigrees: (a) Family One, (b)
Family Two, and (c) Family Three. Family members with
NA-AION that were examined by one of the authors are indicated with black symbols. Family members whose medical

record documents a history of NAION are indicated by grey
symbols. Family members who were not available for examination are indicated by symbols with diagonal lines (Reproduced
from Hayreh et al. [68])

or Leber’s hereditary optic neuropathy. Therefore, additional studies will be essential to prove or disprove a
causal relationship between this mutation (G4132A) and
the development of familial NA-AION. Also, we cannot
exclude the possibility that a different genetic factor may
be the cause of disease in this family. For example, the
pattern of NA-AION in Family Three is also consistent
with inheritance of an X-linked factor. Similarly, we cannot exclude the possibility of autosomal recessive inheritance with pseudo-dominance in any of these pedigrees.

In summary, our study [68] of three pedigrees with
familial NA-AION and previous reports [64–67] provides evidence that NA-AION may be heritable in
rare pedigrees. However, the inheritance of NA-AION
in these pedigrees does not appear to follow a single,
obvious Mendelian pattern. The different patterns of
inheritance observed in pedigrees with familial
NA-AION may be due to the presence of a range of
genetic risk factors that have not yet been
discovered.
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Conclusion
This shows that clinically, the rare entity of familial
NA-AION is similar to the classical non-familial
NA-AION, with the exception that familial NA-AION
occurs in younger patients and has much higher
involvement of both eyes than the classical non-familial NA-AION. The role of genetic factors in familial
NA-AION is not known. In fact, it could be argued that
since NA-AION is a common disease, the possibility
of the occasional occurrence of clusters in families
without any genetic abnormality cannot be ruled out.
The potential role of genetic factors in familial
NA-AION may be clarified with additional research.
One preliminary study has suggested that the G4132A
mitochondrial mutation may be associated with the
disease in at least one pedigree with familial NA-AION
[67]. However, our study [68] indicates that this mutation is not associated with the disease in two other
familial NA-AION pedigrees nor is this mutation associated with the much more common classical nonfamilial NA-AION.

Posthemorrhagic Amaurosis
In this clinical entity, there is a visual loss following
distant recurrent or massive systemic hemorrhages,
from a variety of medical conditions, e.g., uterine
bleeding, gastro-intestinal bleeding, hemoptysis,
epistaxis or repeated venesection, often recurrent in
nature. This condition was first described by
Hippocrates [85] almost 25 centuries ago, in a description of “black disease”. He wrote “... the patient vomits
black, bloody material and he has pain in his head and
does not see with his eyes...”. (Translation of
Hippocrates’ paper by my wife from the original Greek
text). It seems that the first definite case of this disease
was reported by Nicholas Fontanus [86] in 1641 in his
“Collection of Rare Observations” describing the
visual loss developed after therapeutic venesection. In
1781, Truka de Krzowitz [87] reviewed from the literature a large number of cases of visual loss after bleeding from different causes. Since then there have been
many serial reviews [88].
Many theories have been postulated over the years
to explain its pathogenesis, which I [88] briefly
reviewed some time ago. I [88] have also seen some

such cases. During recent years, a consensus has
emerged that it is due to ischemia of the optic nerve
head; that is, it represents NA-AION. It is well established that the earliest fundus change after visual loss
is almost invariably optic disc edema, which evolves in
about 2 months into optic atrophy – very typical findings and course for NA-AION.
It is important to know the following information
about this condition.
1. The visual loss usually develops hours, days, or
even weeks after systemic bleeding (80–85% [89,
90]) and is uncommon during or immediately after
bleeding (15–20% [89, 90]). Unfortunately, the
syncopal type of transient visual loss has been
mixed with the true posthemorrhagic visual loss in
the data available in the literature.
2. The visual loss is usually seen after recurrent hemorrhages, and is very uncommon after a single hemorrhage in a perfectly healthy person.
3. In almost all of my [88] cases and others [91–94],
visual loss was noted after adequate blood transfusion (hence, hemoglobin level was within normal
limits).
4. In many cases in the literature and in almost all my
cases’ visual loss occurred, when the blood pressure
recorded during the day was within normal limits.
5. Visual loss frequently develops or progresses during sleep.
These factors strongly suggest that in most cases neither
immediate post-hemorrhage arterial hypotension alone
nor low hemoglobin level can explain the sudden development of visual loss resulting from NA-AION. One has
to look elsewhere for an answer. Available evidence indicates that the following probably plays a crucial role.

Release of Endogenous Vasoconstrictor
Agents After Recurrent Hemorrhages
Hodge et al. [95] found that in dogs hemorrhage causes
an increase in the concentration of circulating angiotensin, even when there is no fall of arterial mean or
pulse pressure. Similarly, Bunag et al. [96] showed
that in dogs bleeding caused renal release of renin
whether or not there was measurable change in either
arterial pressure or total renal blood flow, and they also
found that hemorrhage-induced release of renin

Posthemorrhagic Amaurosis

occurred more consistently in dogs fed a low-sodium
diet than in those fed a standard diet. These findings
contradicted the usual view that release of renin during
hemorrhage is entirely dependent on the associated
arterial hypotension [97]. Bunag et al. [96] concluded
that neural stimuli are capable of causing release of
renin in the absence of gross change in renal perfusion
pressure of flow. A considerable body of evidence has
accumulated showing that the sympathoadrenergic
system can influence renin release, and the subject has
been summarized by Zanchetti and co-workers [98,
99]. Hodge et al. [100] concluded that the concentration of angiotensin in the blood is affected by cardiovascular reflexes. More recent evidence [101, 102] has
provided the mechanism by which non-hypotensive
hemorrhage may evoke the release of renin and other
vasoconstrictors. In conclusion, all the available evidence indicates that activation of the sympathetic nervous system and increased circulating levels of three
humoral agents, angiotensin, epinephrine, and vasopressin, all lead to vasoconstriction in a circumstance
such as non-hypotensive hemorrhage, and at least one
of the humoral factors (epinephrine) is also known to
increase renin secretion by the kidney [101, 102].
From the evidence in the literature, and my various
basic, experimental and clinical studies, I [88] postulated that a combination of the following would compromise the blood flow in the optic nerve head.

Increase in Peripheral Vascular Resistance
As discussed elsewhere [47] and in Chap. 4, the
absence of a blood-optic nerve head barrier allows the
endogenous vasoconstrictor agents, such as angiotensin, epinephrine, and vasopressin (liberated in
response to recurrent hemorrhages), to leak from the
peripapillary choroid into the optic nerve head tissues,
producing vasoconstriction. This may also be produced
by vasoconstriction of the peripapillary choroidal
arteries (major source of blood supply to the ONH).
The vasoconstriction by itself may cause NA-AION.

Fall of Systemic Blood Pressure
This occurs immediately after the bleeding owing to
hypovolemia or during sleep (although the blood pressure during waking hours may be within normal limits
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[19, 22] – see Fig. 15.2). The fact that, in my [88]
cases, the initial visual loss or further deterioration was
noticed on waking up in the morning strongly suggests
the role of hypotension during sleep in the development of NA-AION, as is the case in the vast majority
of NA-AION cases [21], as discussed in Chap. 14.

Failure of Autoregulation of the Blood Flow
This happens if the perfusion pressure falls below the
critical level, because of one or both factors mentioned
previously (see Chap. 5).
Thus, a fall of perfusion pressure to a very low
level, vasoconstriction of vessels in the optic nerve
head, accompanied by increase in peripheral vascular
resistance, and failure of autoregulation, together compromise the blood flow in the optic nerve head and
result in the development of NA-AION. If the optic
nerve head ischemia is subclinical, symptomless optic
disc edema may develop in the eye [1, 2], as in one of
my cases of posthemorrhagic amaurosis at the initial
visit [88].
Interindividual variation in the development of
NA-AION after massive systemic hemorrhage could
be due to differences in individual responses and susceptibility. That is, in certain individuals, much more
angiotensin and other endogenous vasoconstrictor
agents may be liberated after an equal amount of hemorrhage than in others, because of interindividual differences in the liberation of catecholamines and other
sympathoadrenergic and vasomotor neural responses.
It is possible that recurrent hemorrhages may also
produce increased platelet aggregation, and that, in
turn, may produce microembolism and play some role
in the production of NA-AION. In my cases [88], there
was an increase in platelet counts soon after the
hemorrhage.
This hypothesis thus may help to explain most of
the features of the visual loss after distant systemic
hemorrhages. There seems little evidence to support
the theory that a mere fall in hemoglobin level causes
NA-AION. There is no evidence in the literature that a
fall in hemoglobin level causes release of angiotensin
or other vasopressor agents.
In conclusion, from the available evidence, it is
postulated that release of angiotensin and other
endogenous vasoconstrictor agents (secondary to recur
rent massive systemic hemorrhages, with or without
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arterial hypotension) is most probably an important
factor in the production of NA-AION. Arterial hypotension seems to be an additional important factor.
Increased platelet aggregation may also play a role.
There is no available evidence to indicate that fall in
hemoglobin level per se is responsible for the development of NA-AION.

NA-AION Following Intravitreal
Anti-VEGF Therapy
Some have advocated using intravitreal vascular
endothelial growth factor (VEGF) inhibitory drugs for
management of NA-AION, arguing that since it
reduces macular edema, it may similarly reduce the
optic disc edema and be beneficial in NA-AION. In
2007, Bennett et al. [103] gave one patient an intravitreal injection of Bevacizumab (Avastin) – a vascular
endothelial growth factor (VEGF) inhibitory drug,
3 weeks after the onset of NA-AION in one eye. They
claimed visual improvement followed, and that bevacizumab improved visual acuity in the eye by reducing
optic disc edema. But it is impossible to judge the
effectiveness of a mode of treatment from one eye
when about 40% of NA-AION eyes show spontaneous
visual acuity improvement [9, 11]. Moreover, recently
Pece et al. [104] reported three patients with NA-AION
who had intravitreal ranibizumab injection 1–2 days
after onset. They found that intravitreal ranibizumab,
although it reduced the optic disc edema, did not result
in any functional improvement.
In contrast to that, there have recently been two
reports of intravitreal bevacizumab injection actually
resulting in the development of NA-AION. Hosseini
and Razeghinejad [105] reported a 72 year old woman
who woke up with visual loss 1 week after intravitreal
injection of bevacizumab was given for “exudative
age-related macular degeneration” and was diagnosed
to have NA-AION. Ganssauge et al. [106] report a
51 year-old male who “recognized” visual field defects
2 weeks after injection of intravitreal bevacizumab for
choroidal neovascularisation, and was diagnosed as
having NA-AION.
In these two cases [105, 106], it could be argued
that because there was a time lag of 1 and 2 weeks
respectively between the intravitreal injection of bevacizumab and the “development” of NA-AION, the

latter could not be attributed to the former. Since
Ganssauge et al.’s [106] patient “recognized” the
visual field defect, the possibility that it was there
before and he was unaware of it cannot be ruled out. I
have seen that in some patients with NA-AION.
Hosseini and Razeghinejad’s [105] patient woke up
with visual loss 1 week after the injection. There is an
explanation for the delay between the intravitreal
injection and development of visual loss due to
NA-AION. As I [1] reported in 1981, asymptomatic
optic disc edema is an early sign of NA-AION. More
recently, we described the clinical entity of “Incipient
non-arteritic anterior ischemic optic neuropathy” in
60 eyes [2], in which, again, NA-AION patients were
seen initially with asymptomatic optic disc edema and
25% of them later on progressed to classical NAION
with a median time of progression of 5.8 (interquartile
3.2–10.1) weeks after the initial diagnosis. Thus, contrary to the universal impression, the time of visual
loss is not always the time of onset of NA-AION – it is
only the time when the patient notices it. In these two
cases [105, 106], the intravitreal injection most probably started the chain of events. It initially produced
“Incipient non-arteritic anterior ischemic optic neuropathy”; however, the patients were seen by the ophthalmologist only when they developed and noticed
visual loss 1–2 weeks later.
There is another, more recent case report [107]
where the authors claimed that a 70 year old woman
with a choroidal neovascular membrane in the macular
region with normal IOP, developed NA-AION
1 month after intravitreal injection of bevacizumab.
They attributed that to the bevacizumab. I find that
there was no cause-and-effect relationship between the
intravitreal injection of bevacizumab and development
of NA-AION in this case, as discussed below. It was
purely a coincidence, and the explanation given by the
authors was not valid.
Relevant to the development of NA-AION following intravitreal injection of anti-VEGF reported above,
the whole subject of intravitreal injection of bevacizumab requires detailed discussion, because of the
current enthusiasm for the use of anti-VEGF drugs in
age-related macular degeneration, diabetic macular
edema and other ocular conditions. Naturally the question arises: what is the mechanism of development of
NA-AION following intravitreal injection of bevacizumab? The ONH circulation depends upon the perfusion pressure (Perfusion pressure = mean blood

NA-AION Following Intravitreal Anti-VEGF Therapy

pressure minus IOP) in its capillaries. Following intravitreal injection of anti-VEGF drugs two types of rise
of intraocular pressure have been reported.

Short-term Rise of IOP
Intravitreal injection increases the volume in the eyeball, thereby resulting in an immediate, transient rise
of IOP in all eyes. After intravitreal injection of bevacizumab, Kim et al. [108] reported a rise of IOP to
44 mmHg (range, 4–87 mmHg.), Falkenstein et al.
[109] a mean IOP of 36 mmHg, and Hollands et al.
[110] an IOP of 25 mmHg or higher at 30 min; one
patient required a 1 week course of glaucoma medication to control the IOP. Semoun et al. [111] reported a
case of an acute angle-closure glaucoma that occurred
immediately after an intravitreal injection of 0.05 ml
of bevacizumab.

Severe and Sustained Rise of IOP
There are several reports of this in the literature. For
example, Jalil et al. [112] reported a patient who was
found to have an IOP of 56 mmHg 3 days after intravitreal injection of bevacizumab. Bakri et al. [113]
reported sustained ocular hypertension as high as 30,
34, 46, and 50 mmHg in four patients, following
0.5 mg intravitreal ranibizumab for age-related macular degeneration. The elevated IOP persisted across
several visits, requiring control with topical glaucoma
therapy and in two cases the addition of a systemic
carbonic anhydrase inhibitor. None of the patients had
a previous history of glaucoma. Kahook et al. [114]
reported six cases of significant and sustained elevation of lOP after intravitreal injections of bevacizumab
for age-related macular degeneration, all requiring
IOP-lowering therapy. Adelman et al. [115] in a retrospective study of 116 patients found that 3.45% developed sustained elevated IOP after multiple intravitreal
injections of bevacizumab 1.5 mg/0.06 mL and/or
ranibizumab 0.5 mg/0.05 mL. They concluded that
persistent ocular hypertension may occur after intravitreal anti-VEGF injection in patients with no previous
diagnosis of glaucoma or ocular hypertension, and that
may persist across several visits and patients may

331

require IOP-lowering therapy. Good et al. [116] in a
retrospective study of 215 eyes found that sustained
elevated IOP in patients receiving intravitreal antiVEGF injections is significant. Additionally, these
data suggest the possibility of a heightened risk for
further elevation of IOP in patients with pre-existing
glaucoma who receive either bevacizumab or ranibizumab. At the annual meeting of the Association of
Research and Vision in Ophthalmology in May 2009,
there was another report (I do not remember the names
of the authors) of four cases with similar persistent
elevation of IOP following intravitreal injection of
bevacizumab. At the annual meeting of the American
Academy of Ophthalmology in October 2010 in
Chicago, Freund and colleagues reported development
of elevated IOP in 22 eyes of 20 normotensive patients
following long-term intravitreal ranibizumab therapy
for neovascular age-related macular degeneration. In
this series the mean IOP was 30.5 (range 22–58)
mmHg. In them the baseline IOP was 17.2 (range
14–21) mmHg. All these patients required treatment
for the elevated IOP. While sustained IOP rise following anti-VEGF therapy has been recorded by these
reports, we do not have information about how common it is after intravitreal anti-VEGF therapy on a
long-term follow-up, because of the almost invariable
practice of the retina specialists to monitor IOP only
immediately post-injection and not serially later on; it
is possible that this sustained rise of IOP following
intravitreal anti-VEGF therapy may be much more
prevalent than reported in the literature.
Similarly, there are many reports showing a substantial rise in IOP a few days or weeks after intravitreal triamcinolone (which has been used in management
of NA-AION – see Chap. 17) in as high as about 40%
[117]; by contrast, oral corticosteroid therapy for
NA-AION did not have that effect on IOP during a
short-term treatment [118].

Importance of Rise of IOP in Relation
to NA-AION
This is an important issue. As mentioned above, blood
flow in the optic nerve head capillaries depends upon the
perfusion pressure; the perfusion pressure is the difference between the mean blood pressure and the IOP. Thus,
a rise of IOP results in a fall of perfusion pressure.
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Use of Intravitreal Anti-VEGF Therapy
as Treatment for NA-AION
This has been advocated by some. But the ONH of
NA-AION patients already has precarious circulation.
Under those circumstances, even a transient rise of
IOP, let alone a prolonged, sustained high IOP, has the
potential to further compromise the circulation and
result in further ONH damage and visual loss. Thus,
giving intravitreal injection of anti-VEGF in the management of NA-AION can in fact be harmful.

Use of Intravitreal Anti-VEGF for Treatment
of Age-Related Macular Degeneration
and Macular Edema
Age-related macular degeneration is a common condition, seen mostly in the elderly population. Macular
edema is also common in diabetics. For both these conditions, intravitreal anti-VEGF therapy is currently the treatment of choice. Therefore, tens of thousands of patients
with these conditions are being treated every year, all over
the world, with intravitreal anti-VEGF therapy. In view of
that, it is essential to discuss the possible harmful effect of
this rise of IOP following anti-VEGF therapy.
In patients who do not already have had NA-AION,
the chance of developing NA-AION with this transient
or sustained high IOP is limited mainly to those who
have low perfusion pressure because of the various
predisposing risk factors or have other predisposing
risk factors (see Chap. 14). Persons who develop agerelated macular degeneration fall into that category;
there is growing evidence that chronic macular choroidal ischemia plays a role in the development of agerelated macular degeneration [119–122]. This chronic
macular choroidal ischemia usually reflects what is
going on in the rest of the eye. Moreover, patients with
age-related macular degeneration generally have other
systemic risk factors, being elderly (as the name
implies), including a high prevalence of various systemic vascular diseases [122–128]. All these factors
make patients with age-related macular degeneration
susceptible to NA-AION. Abnormal levels of high IOP
in them may precipitate the development of NA-AION.
Given the current vogue for intravitreal anti-VEGF
therapy, the two cases of development of NA-AION
following intravitreal injection recently reported may
represent only “the tip of the iceberg”. The reasons for

this disparity may be that retina specialists, who give
intravitreal injections of anti-VEGF for age-related
macular degeneration or macular edema, are usually
focused primarily on the macular changes, and may
not pay critical attention to changes in the optic disc at
the same time. Any further visual deterioration following the intravitreal injection may be attributed to worsening of macular pathology. Moreover, the central
visual acuity is not always affected in NA-AION (see
Chap. 16), and visual fields are the only ones which are
affected; however, no visual fields are usually plotted
by the retina specialists in patients who are being
treated by intravitreal injections of anti-VEGF for agerelated macular degeneration or macular edema. All
these confounding factors may result in missing the
development of NA-AION in these cases. Also diabetic macular edema is the common indication for
intravitreal injections of anti-VEGF; it is well-established now that NA-AION is much more common
among diabetics than non-diabetics [71], therefore,
their eyes are susceptible to NA-AION.
In view of all these considerations, when treating
age-related macular degeneration or diabetic macular
edema, on a risk/benefit ratio, it may be prudent to avoid
any immediate or prolonged rise of IOP by taking precautionary measures and measuring IOP frequently for
several weeks. For persons who have already had
NA-AION in one eye, the risk of the second eye developing NA-AION is much higher than for those who
never had NA-AION before. A high IOP can precipitate
development of NA-AION in persons with predisposing
risk factors and can worsen the visual loss in those who
already have NA-AION. This shows that intravitreal
injections of anti-VEGF agents or of triamcinolone have
the potential to be harmful – a factor not realized in the
current enthusiasm for the widespread use of anti-VEGF
agents. Moreover, anti-VEGF agents do rarely have systemic complications, e.g., acute elevation of systemic
blood pressure, cerebrovascular accidents, myocardial
infarctions, and even deaths have been reported in some
cases [129]. They must be used with caution.

Conclusion
There are several reports showing that intravitreal antiVEGF therapy can cause severe and sustained rise of IOP
in some eyes. This has important implications for the
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development of NA-AION in susceptible persons, such
as the elderly with cardiovascular risk factors, with
age-related macular degeneration, or with diabetes. In
persons with such risk factors whose ONH circulation is
already precarious, this rise of IOP has the potential to
further compromise the circulation and result in the development of NA-AION. In the management of NA-AION,
moreover, intravitreal injection of anti-VEGF not only
has no beneficial effect but can in fact be harmful.
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Clinical Features of Non-arteritic Anterior
Ischemic Optic Neuropathy

Non-arteritic anterior ischemic optic neuropathy
(NA-AION) is the most common type of ischemic optic
neuropathy. It usually has classical clinical features
which make it easy to diagnose.

Demographic Characteristics
of NA-AION
Incidence of NA-AION
A population-based study in the state of Missouri and
Los Angeles County, California, USA, found that
among persons 50 or older the estimated mean annual
incidence rate of NA-AION was 2.30/100,000 populations [1]. Another epidemiological study in the population of Olmsted County, Minnesota, USA, in persons
50 and older, reported the incidence of NA-AION as
10.2/100,000 individuals [2]. Such a large discrepancy
between the two studies indicates the problems of
obtaining reliable information as well as the varying
ethnic nature of the population. The incidence of
NA-AION depends not only upon the prevalence of
various universal risk factors, but also other factors
causing NA-AION in the region where the study is
conducted. For example:
1. Ethnicity of the Population: This obviously varies
widely, not only from one region of the world to
another but also among different ethnic groups living
in the same region. In the study by Johnson and Arnold
[1], conducted in Los Angeles California and Missouri
(USA), NA-AION was significantly more prevalent
among white individuals than black or Hispanics living in the United States. Incidence varied even within
the same ethnic group, because of other factors. The
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population in the study by Hattenhauer et al. [2]. was
primarily white, mostly of Scandinavian origin, living
in the Midwest region of the United States. With this
tremendous variability from region to region and
among various ethnic groups in the world, it is difficult to get a definite, reliable incidence of NA-AION
applicable all over the world,.
2. Study Design: The result of a study depends very
much upon its design. This is evident from the wide
difference between the study by Johnson and Arnold
[1] and that conducted in Olmsted County,
Minnesota [2], i.e., 2.30 versus 10.2/100,000 individuals respectively.
Thus, no one definite incidence of the occurrence of
this disease can be given.

Age
There is almost a universal impression that NA-AION
is a disease of the middle-aged and elderly population
and does not occur in young persons. In two studies
reported from the University of Iowa, one of 406
NA-AION patients [3] and another of 624 patients [4],
mean ± SD age was 60.1 ± 13.64 and 61.0 ± 12.3 respectively and the age range 11–91 and 18–100 years
respectively; in both studies, 11% of the patients were
young (<45 years), 49% were middle aged (45–
64 years) and 40% were elderly (³65 years). In another
multicenter study [5] of 420 patients, it was 66.0 ± 8.7
(SD) years. In still another study [6] from Atlanta
(USA), of 727 consecutive patients with NA-AION,
23% were younger than 50 years (median 43 years;
range, 13–49 years). Thus, the prevalent impression
that NA-AION is a disease only of the elderly is not
correct – no age is immune from NA-AION; this
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misconception has resulted in young persons with
NA-AION sometimes being misdiagnosed.

Gender
NA-AION is seen somewhat more often in men than in
women – it has been reported as 62% versus 38% [5],
59% versus 41% [4] and 58% versus 42% [6]. This
would be in keeping with greater prevalence of cardiovascular diseases among men than women.

Racial Features
It is far more common among the white population
than in blacks, Hispanics and other racial groups [1,
3–6]. This may explain the above difference in incidence of NA-AION in the studies by Johnson and
Arnold [1], conducted in Los Angeles California and
Missouri (USA) (containing white, black and Hispanic
population), and by Hattenhauer et al. [2] in the
Midwest region of the United States (containing
primarily white, mostly of Scandinavian origin).

discovery of visual loss was upon awakening from
sleep in the morning or a nap in 52%, and soon after
that when the patient had the first opportunity to use
vision critically in 21.5%. In the remaining 27% episodes of NA-AION, although the patients became
aware of the visual loss later on during the day, they
could not say definitely when it occurred, or rule out
the possibility that it had been there since awakening.
Becoming aware of visual loss is extremely variable,
depending upon the location, severity and type of visual
field defect, the occupation of the patient, and, above
all, the perceptiveness of the patient in detecting a
visual problem. For example, I saw a patient with superior visual field loss who only noticed visual loss while
hunting, when he tried to shoot a flying duck, but was
“sure” that his vision had been normal the previous
day; another patient, a physician, was unaware of a
fairly marked visual loss in the inferior nasal sector of
one eye, till it was discovered during clinic examination. Landau et al. [8], based on a study of only 24
patients claimed that the “patient with AION typically
notices blurred vision in the affected eye within 1 or 2 h
of arising in the morning”. In the multicenter “Ischemic
Optic Neuropathy Decompression Trial” Study
(IONDT ) [5], it was reported that 42% (174 of 418) of
patients recalled that the onset of visual loss occurred
within 2 h of awakening. To place the difference in
incidences between this and our study [7] in proper
perspective, one has to consider the following factors:

Symptoms
In the vast majority of cases, these are typical.
NA-AION patients usually complain of loss of vision
in the lower field of vision – more often in the inferior
nasal field than altitudinal loss (Figs. 16.1a–e). There
is a sudden and painless deterioration of vision. I [7]
investigated the time of day and seasonal variation of
onset of visual loss in NA-AION.

Difference in the NA-AION Population
Information in the IONDT study [5] was based on a
selected population of patients with NA-AION found
to be eligible for the study, and not on consecutive,
unselected NA-AION patients, as was the case in our
study [7].

Time of Onset of Visual Loss in NA-AION

Differences in Examiners and how Specifically
the Patients were Questioned to Obtain this
Information

This is an important piece of information which helps
in the diagnosis of NA-AION as well as in the understanding its pathogenesis. In our study [7], in a total of
544 episodes of NA-AION, the time of day for

To get the correct information, the right person has to
ask the right question in the right manner. In our study
[7], all patients were personally seen by me and questioned specifically and in detail about the time of the

Symptoms
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c

d

e

Fig. 16.1 Visual fields (plotted with a Goldmann perimeter) of
right eyes in Figs. a, b, d and e, and of left eye in Fig. c. They show
inferior nasal defect (Figs. a, b and d) and inferior altitudinal

defect (Figs. c and e). (Fig. a reproduced from Hayreh and
Zimmerman [17]; Figs. b–e Reproduced from Hayreh [56].)
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day they became aware of visual loss, without any suggestion of a “right” answer. In the IONDT Study [5], the
data were collected from 25 different centers and many
more persons were involved (including technicians).
There must therefore have been variability in the nature
and manner of questioning about the time of onset. The
information being volunteered by a patient spontaneously compared to that in response to specific questions
can make all the difference – the latter obviously gives
far more reliable information than the former.
The time of first discovery of visual loss in NA-AION
is a very critical piece of information because it gives a
clue to the time of development of NA-AION and also,
indirectly, about its pathogenesis. Our study [7] indicates that NA-AION most often develops during sleep;
there must be something happening during sleep which
precipitates the development of NA-AION. I have discussed in Chap. 14 the role of nocturnal arterial hypotension in the pathogenesis of NA-AION [3, 9, 10].
Some patients definitely develop NA-AION during
the daytime, not associated with a nap. In such cases, it
is suggestive of one or both of the following two mechanisms for the development of NA-AION that may be
at work:
(a) Embolism into the posterior ciliary artery (PCA) circulation (the main source of blood supply to the
optic nerve head [10, 11]) can produce NA-AION at
any time of the day. The eyes with the usual type of
NA-AION generally have an absent or small optic
disc cup [12–14], but those of an embolic nature
generally tend to have the normal cup size. On fluorescein fundus angiography, in these cases, complete
occlusion of a PCA (with negative temporal artery
biopsy) has been demonstrated [14a] (see Figs. 3.27,
3.33 and 3.34 in Chap. 3) like that seen in arteritic
AION, but there is no evidence of giant cell arteritis
in these patients and a negative temporal artery
biopsy. Thus, fluorescein fundus angiography is
extremely useful in evaluating whether NA-AION is
embolic in nature or not. The source of the embolus
may be the carotid arteries, aorta or the heart.
(b) Our experimental study [15] in atherosclerotic
monkeys has shown that in atherosclerosis serotonin can produce vasospasm of the PCA, resulting in its occlusion and development of NA-AION.
We speculated that the vasospasm is produced by
the release of serotonin by platelet aggregation on
atherosclerotic plaques.

Progressive Visual Loss
Progressive visual deterioration in some eyes with
NA-AION is well-known. Patients usually notice it on
waking in the morning. The following patient of mine
recorded herself this progression very well on her computer. A 64-year-old diabetic woman, she became aware
of a spot in the lower nasal part of her right eye visual
field accidentally (Fig. 16.2a – arrow) when she covered
the left eye. She saw an ophthalmologist that day, who
found visual acuity 20/20 and optic disc edema in that
eye. Fig. 16.2b–e show the progression over the next
8 days. When first seen in our clinic on the 9th day, her
visual acuity was 20/250 and kinetic perimetry showed
an absolute central scotoma and inferior nasal visual
field loss (Fig. 16.3) and optic disc edema (Fig. 16.4).

Intermittent Blurring of Vision
Some patients may complain of intermittent blurring
of vision when the visual field defect passes through
the fixation point because of unconscious shifting of
fixation between the seeing and the blind areas near the
fixation [16, 17] (Figs. 16.1a–e, and 16.5).

Photophobia
Later on, photophobia is a common complaint, particularly in bilateral cases.

Simultaneous Onset of Visual Loss
in Both Eyes
Some patients may complain of simultaneous onset
of visual loss in both eyes; however, in my study of
dealing with about 1,350 patients with NA-AION,
the perceived “simultaneous” visual loss in both
eyes usually occurred because the patient was
unaware of the prior visual loss in the first eye and
discovered it only when the second eye became
involved. I found simultaneous bilateral onset of
NA-AION extremely rare.

Symptoms
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Fig. 16.2 This is an
excellent demonstration of
progressive worsening of
vision in a 64-year-old
diabetic woman with
NA-AION. (a) Shows a small
scotoma (arrow) in the lower
nasal part of her right eye
visual field on the day she
first discovered that on
covering her left eye. (b–e)
Show the progressive
increase in the blur over the
next 8 days

a

b
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Fig. 16.2 (continued)

e

Fig. 16.3 In the above patient in Fig. 16.2, visual field (plotted
with a Goldmann perimeter) show inferior nasal visual defect

Fig. 16.4 This fundus photograph, in the above patient in
Fig. 16.2 shows optic disc edema and peripapillary hemorrhages
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increased risk of developing subsequent cerebrovascular disease, myocardial infarction or mortality, and
smoking had no association with NA-AION. This is
evidence that it is a serious mistake to equate
NA-AION with stroke and other systemic vascular
accidents (see Chap. 14).

Visual Acuity

Fig. 16.5 Visual field (plotted with a Goldmann perimeter) of a
right eye with NA-AION shows absolute superior nasal visual
defect

Seasonal Variations of Onset of Visual
Loss in NA-AION
We [7] investigated seasonal variation of the onset of
NA-AION for 839 episodes. Their data showed that
NA-AION onset was significantly more frequent in the
Iowa (USA) Summer (or the hot months, with temperature in 60s to low 90s°F) than in the Winter (or the
cold months, when the maximum temperature is usually much below freezing) (p = .0030), with Spring/
Fall or the mild months intermediate. This is in contrast to the reported incidence of systemic vascular
accidents, such as myocardial infarction and cerebrovascular accidents, which is higher during winter than
other seasons [18–20].
In order to explain the seasonal variations of myocardial infarction, cerebrovascular accidents and possibly other vascular accidents, a number of studies
have been conducted on the effects of temperature
variations on hematologic and other vascular changes
in the body which could be contributory to development of vascular accidents (see Chap. 14).
Thus, there is a distinct difference in the seasonal
variation in onset of NA-AION and systemic vascular
accidents, which indicates a difference in their pathogeneses. Factors other than hematologic abnormalities play an important role in the development of
NA-AION [7, 21]. Moreover, in our studies [3, 4],
there was no evidence that NA-AION patients are at

This has been reported differently in different studies
[5, 6, 22–24]. For example, in a combined cohort of
500 consecutive NA-AION eyes in our two studies
[22, 24], when patients were seen within 2 weeks after
the onset of visual loss, initial visual acuity was 20/20
– 20/25 in 33%, better than 20/40 in 51%, and 20/200
or worse in 21%. In the IONDT study [5], initial
visual acuities in the study eyes ranged from 20/20 or
better, to light perception, with 49% of the patients
seeing better than 20/64 and 34% of the patients seeing 20/200 or worse. However, the baseline findings
in that study were derived from a selected population
of patients with NA-AION who were eligible for the
IONDT and not an unselected group. Preechawat
et al. [6]. in a study of 727 NA-AION consecutive
patients, found that visual acuity was 20/40 or better
in 59%, and 20/200 or worse in 20%. Thus, about half
of the NA-AION eyes initially present with a visual
acuity of 20/40 or better. This fact is not fully appreciated in the ophthalmic community and is sometimes
responsible for missing the diagnosis of NA-AION,
because of the prevalent belief that every eye with
ischemia of the optic nerve head (as in NA-AION)
must have worse than normal visual acuity. Therefore,
the presence of normal visual acuity does not rule
out NA-AION.

Natural History of Visual Acuity
in NA-AION
The most important piece of information required in
NA-AION, from the points of view of both patient
and ophthalmologist, is the natural history of visual
outcome. This is also important in the management
of NA-AION because the outcome of any treatment

Visual Fields Defects

has to be judged in the light of its natural history, so
that natural recovery is not interpreted as a beneficial
effect of treatment. There are two prospective studies that have evaluated this, one based on 125 eyes
[23] and the other on 386 eyes [24]; both arrived at
the same conclusion. Both studies showed that
41–43% of patients seen within 2 weeks of onset of
visual loss with initial visual acuity of 20/70 or
worse, experienced improvement, while 15–19%
grew worse at 6 months. This completely contradicts the highly prevalent impression that no spontaneous visual acuity improvement occurs in
NA-AION.
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that of the control group was 36.8 years; that marked
age difference accounts for the finding of more hypermetropia in the NA-AION group than in the control
group. This is further supported by the fact that in our
study [14] there was no difference in refraction
between NA-AION and arteritic AION eyes, because
those groups were almost similar in age. The other
two studies [25, 26] had age-matched control groups
but their sample sizes were small; it is possible that
their findings might have been different with a much
larger sample size.

Visual Fields Defects
Refractive Error
Beck et al. [13], in a study of 126 NA-AION and 122
control eyes, found more than +1.0 diopter hypermetropia in 25% of the NA-AION group compared to
only 6.5% of the control group. Katz and Spencer
[25], on comparison of 50 patients with NA-AION to
an age-matched control group, concluded that their
study suggested that patients with NA-AION are more
hypermetropic than the control group. Philips et al.
[26]. on comparison of 37 eyes with NA-AION and 74
eyes of a sex and age matched control group found
mild hypermetropia more frequent in the NA-AION
group than in the control group. However, Mansour
et al. [27]. in a study of 9 NA-AION eyes and 26 control eyes found no difference in refractive error
between the two. In our study [14] of 502 consecutive
NA-AION patients 50 years and older, there was
minus <6.0 diopters in 1%, minus 6.0 to minus 3.1
diopters in 2%, minus 3 to minus 0.1 diopters in 16%,
emmetropia in 24%, plus 0.1 to 3 diopters in 46%,
plus 3.1 to 5 diopters in 7%, and plus > 5 diopters in
5%. Comparison of refraction in NA-AION patients
50 years and older with an age-matched general population showed no significant difference between the
two groups. This latter study [14] contradicts the findings of three previous studies based on 126 [13], 50
[25] and 37 [26] eyes respectively, which suggested
that patients with NA-AION are more hypermetropic
than the control group. Of the three previous studies,
the study by Beck et al. [13]. had the largest number of
eyes, i.e. 126 eyes with NA-AION. In that study, the
mean age of NA-AION group was 62.1 years while

In contrast to visual acuity, which can be within normal limits in almost half of the eyes with NA-AION,
visual field defects are a universal occurrence.
Therefore, perimetry is the most important and essential visual function test to evaluate the visual loss
and the visual disability caused by NA-AION. I would
like to discuss the subject of visual field loss at length
here. Information in the literature on the visual field
defects in NA-AION is mainly based on manual
kinetic perimetry with a Goldmann perimeter [16,
28–38] and, more recently, using automated static
threshold perimetry [39–42].
These eyes can present with a variety of optic
nerve related visual field defects. Figures 16.1a–e,
16.3, 16.5 and 16.6 show some examples of the
visual field defects seen in our study [17]. Very
rarely I have seen an eye with nasal hemianopic loss
in NA-AION. Findings of the studies in the literature from 1967 to 1991 are summarized in Table 16.1.
In these studies the overall pattern of visual field
defects in NA-AION reveals that: (a) in almost all
the studies the visual field information was given
simply as part of the general clinical features of
NA-AION rather than based on specific, planned
and systematic investigation of visual field patterns
seen in NA-AION at initial presentation, (b) no mention was made whether those were relative or absolute defects (see below), and (c) most studies were
based on a comparatively small number of eyes. In
the literature, an inferior altitudinal visual field
defect is almost invariably described as the classical
field defect in NA-AION. Among the studies in
Table 16.1, where visual fields were plotted with
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Fig. 16.6 Visual fields (plotted with a Goldmann perimeter) show some examples of visual field defects seen in NA-AION.
(a) Reproduced from Hayreh [56], (b, c, h) reproduced from Hayreh and Zahoruk [72]

Visual Fields Defects
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Fig. 16.6 (continued)
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Fig. 16.6 (continued)

manual kinetic perimetry, the reported prevalence
rate of inferior altitudinal visual field defect varies
from 25% to 79%.
We [17] investigated visual field abnormalities, their
pattern and prevalence at the initial presentation in
NA-AION in a systematic, planned study of 312 consecutive NA-AION eyes, by manual kinetic perimetry
(i.e., visual fields plotted with a Goldmann perimeter),
using I-2e, I-4e and V-4e targets. Our study [17] showed
that I-2e target was seen by 75%, I-4e by 91% and V-4e
by 100%. The overall prevalence of general visual field
defects in that study was 83% with I-2e, 79% with I-4e
and 69% with V-4e, while those of scotoma(s) within
the central 30° was 55%, 49% and 36% respectively.
Central scotoma was seen in 49% with I-2e, 44% with
I-4e, and 29% with V-4e. Relative inferior altitudinal
defect (Figs. 16.1a, b, d and 16.6d, h) was most common (35% with I-2e; and 22% with I-4e), but absolute
inferior altitudinal defect (Figs. 16.1c and e) was seen
in only 8%. By contrast, relative inferior nasal defect
(Figs. 16.1d, 16.3 and 16.6g, h, j, k) and absolute inferior nasal visual loss (Figs. 16.1a, b and 16.6k) was the
most common defect detected in NA-AION (22%), but
occurred in only 3% with I-2e and 11% with I-4e.
Overall, loss of the nasal part of the visual field was the
most common occurrence. Thus, a combination of a
relative inferior altitudinal defect with absolute inferior nasal defect is the most common pattern in
NA-AION (Figs. 16.1a and b). This contradicts the
commonly held belief that inferior altitudinal visual
field defect is typical of NA-AION.

Manual Kinetic Perimetry Versus Static
Threshold Perimetry
Currently, visual fields are usually plotted using automated perimetry. Visual field information provided by
manual kinetic perimetry performed with a Goldmann
perimeter may be very different from that by automated static threshold perimetry [Humphrey 30–2 or
24–2 SITA (Swedish Interactive Testing Algorithm)].
Both types have their advantages and disadvantages,
and one should be aware of those when interpreting
the findings. Automated perimetry does not provide
any information beyond the central 24°–30°. Kinetic
perimetry, by contrast, provides information all the
way to about 80–90° temporally, 70° inferiorly, 60–70°
nasally and 50–60° superiorly. This has important
implications in characterizing the visual field defects
in NA-AION and evaluating visual disability caused
by NA-AION.

Characterization of Visual Field Defect Based
on the Two Types of Perimetry in NA-AION
Information provided by automated perimetry may
result in different characterization of the pattern of
the visual field defects compared to that by kinetic
perimetry. For example, in automated perimetry a
large scotoma or defect extending all the way
to 24–30° is almost invariably interpreted as an

3 patients

24 eyes

43 eyes

61 eyes

123 eyes

1968

1973

1974

1975

1978

1979

1979

1983

1991

1998

Ellenberger
and Netsky
[29]

Ellenberger
et al. [30]

Eagling et al.
[31]

Boghen and
Glaser [32]

Aulhorn and
Tanzil [33]

Hayreh and
Podhajsky
[16]

Bronner
et al. [34]

Repka et al.
[36]

Rizzo and
Lessell [37]

Gerling et al.
[38]

19

27

79

32

38

48

12

14

–

1

3

*These field defects were in addition to other defects

36 patients

58 patients

172 eyes

50 patients

64 eyes

12 eyes

1967

Cullen [28]

3

7

29

4

10

4

4

2

–

1

–

–

2 – inf nasal

14 – inferior

–

–

1

14 –inferior

–

–

–

–

2 – temporal

7 – nasal,
3 – temporal

–

–

3 – inferior

–

–

–

–

1 – Temporal

–

34 – inferior,
17 – superior

–

–

39 – inf nasal, 2 – superior
9 – sup nasal, 1 – inferior
5 – inf
temporal,
3 – sup
temporal

–

12 – inf
nasal,
1– superior

–

–

1 – sup nasal

1 – inf nasal

5

8

–

5

Central
scotoma

–

–

–

–

7

–

6

15

34

11

53*

–

3 – temporal, 6
1 – sup nasal
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“altitudinal field defect” (Fig. 16.7a), when kinetic
perimetry may show normal peripheral field beyond
that (Fig. 16.7b); this has important implications: (1)
This may be one of the reasons that an inferior altitudinal visual field defect is almost invariably described
as the classical field defect in NA-AION, but it is not
the case in most of the eyes with NA-AION (Fig. 16.7),
and (2) Full information about the peripheral visual
fields (which the automated does not provide) is critical to evaluate visual disability (see below), since the
peripheral field plays a critical role in our navigating
and day-to-day living. In addition to that, I have also
found that most patients prefer manual kinetic perimetry over automated perimetry, and patients who are
too old or too young to participate in automated
perimetry do well on manual kinetic perimetry. It is
most unfortunate that highly useful manual kinetic
perimetry is rapidly being replaced by automated
perimetry.

Relative Versus Absolute Visual Field Defects
A review of the literature [17] shows that the descriptions of the various types of visual field defects in
NA-AION almost never specify whether those were
relative or absolute. But a distinction between relative
and absolute visual field defects is essential, for the
following important reasons:

Difference in Pattern of Visual Field Defect
In visual fields plotted with a Goldmann perimeter,
defects seen with smaller isopters are more frequent
and more extensive than those with larger isopters
(Figs. 16.1a–e, 16.3, 16.5, 16.6 and 16.7b). Of the
312 eyes in our study [17], the I-2e target was seen
by 75%, I-4e by 91% and V-4e by 100%. The prevalence of pattern of various types of visual field defects
therefore depends upon whether it is relative (i.e. with
only I-2e and/or I-4e) or absolute (i.e. with V-4e),
and, even among the relative field defects, whether
it is only detected with I-2e or both I-2e and I-4e
isopters (Figs. 16.1a–e, 16.3, 16.5, 16.6 and 16.7b).
In our study, the prevalence rate of any visual field
defects with V-4e isopter was 24% in the superior

field (Fig. 16.5), 72% in the inferior field, 50% in
nasal and 12% in the temporal visual field – most of
the eyes had more than one location of visual field
defect. While the relative inferior altitudinal defect
(Figs. 16.1a, b, d, 16.6d, 16.6h, and 16.7b) was most
common (35% with I-2e; and 22% with I-4e), that
was not true of the absolute inferior altitudinal defect
(Figs. 16.1a and e – in only 8% with V-4e). In sharp
contrast to that, absolute inferior nasal sector visual
loss (Figs. 16.1a and b) was the most common defect
seen in NA-AION (22%), but it was seen in only 3%
with I-2e and 11% with I-4e. Thus, this study showed
that the most frequently seen combination is inferior
and nasal absolute visual field defect in NA-AION,
and much less frequently in the superior and temporal regions.

Extent and Severity of Visual Field Defect
This has functional significance, because in the region
of the relative field defect, there is still a variable
amount of intact visual function – more in the defect
seen with I-2e isopter than that with I-4e. For example,
an absolute inferior altitudinal visual field defect
(Figs. 16.1a and e) is far more visually disabling than
only a relative inferior altitudinal defect, and the latter
less disabling when it is only detected with I-2e rather
than that with I-4e (Figs. 16.1a, b, d, 16.6d, e, g, h, j
and 16.7b).

Evaluation of Extent of Visual Functional
Disability in NA-AION
NA-AION is a common, visually disabling disease. To
assess that disability, one needs information on both
peripheral and central visual field defects. The type of
functional disability produced by the two types can be
very different.

Extent of Visual Functional Disability Produced
by Peripheral Visual Field Loss
It is well established that the constant tracking provided by the peripheral visual fields is essential for

Visual Fields Defects
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a

Fig. 16.7 This shows the difference in pattern of visual field
defect revealed by visual fields plotted with an automated perimeter (a) and Goldmann perimeter (b) in an eye with NA-AION.

Inferior paracentral scotoma seen in (b) plotted with Goldmann
perimeter was interpreted in automated perimetry field in (a) as
inferior altitudinal defect
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b

visual field that is used all the time for daily work. A
similar defect in the superior field is much less
disabling.

Clinical Significance of Central Versus
Peripheral Visual Field Loss

Fig. 16.7 (continued)

sensory input to our day to day activity. For example,
the peripheral visual field is vital for walking, driving
and “navigating” in this world. In view of that, to
assess the visual function disability produced by
NA-AION, it is important to have complete information about the peripheral visual fields (particularly
the inferior field) and any impairment in them. As
mentioned above, automated perimetry provides
information only up to about 24–30° in the periphery.
Kinetic perimetry, by contrast, provides peripheral
visual field information all the way to about 80–90°
temporally, 70° inferiorly, 60–70° nasally and 50–60°
superiorly. Thus, in NA-AION the visual field plotted with manual kinetic perimetry provides far superior information about the peripheral visual field
defects for the purpose of evaluating visual functional disability.

Extent of Visual Functional Disability Produced
by Central Visual Field Defect
It is well known that a defect in the central visual field
usually results in deterioration of visual acuity but not
always if it spares the fixation spot. However, it is still
disabling to some extent because it is the inferior

My long experience of dealing with NA-AION
patients has shown that loss of peripheral visual field,
particularly in the lower part, can often be far more
disabling than that produced by the central visual
field defect. For example, a person with central scotoma but with normal peripheral visual field
(Figs. 16.6 f, l-n and 16.7b) can lead a fairly normal
life, although unable to read, write, drive or see properly in the center. By contrast, patients with bilateral
absolute inferior altitudinal defects or with markedly
constricted visual fields, but with perfectly normal
visual acuity (Figs. 16.1c and e) are markedly disabled, stumbling, and unable to drive or navigate.
Obviously, this has important functional and practical implications. Disability Boards tend to deny eligibility to persons with NA-AION who can see 20/20
in both eyes, in spite of the fact that they have complete loss of the lower half of visual fields in both
eyes (Figs. 16.1c and e); from a practical point of
view they are legally blind. A scotoma in the lower
central field (Fig. 16.6d, f, h, m) can be bothersome
compared to that in the upper central field (Fig. 16.6e),
because we use the lower field all the time for daily
work.

Natural History of Visual Field Defects
in NA-AION
This was evaluated in a study of 332 consecutive
NA-AION eyes that had 8 weeks or more of followup from the initial visit [24]. Visual fields with
kinetic perimetry showed that 26% of those who
were first seen £ 2 weeks after onset, with moderate
to severe visual field defect, had improvement at
6 months and 27% at 1 year after the initial visit.
Two years after the initial visit, 27% of eyes with
initial minimal to mild field defects showed worsening, as did 19% of those with moderate to severe

Visual Fields Defects

defects. Visual acuity and visual fields showed
improvement or further deterioration mainly up to
6 months, with no significant change after that. In
this study, during the follow-up period, the central
visual field remained stable in 68%, improved in
16%, and worsened in 16%. There was improvement
in peripheral visual field in 17% of the eyes and
worsening in 18%. When NA-AION develops in the
second eye, there is no correlation in the visual outcome between the two eyes.
Visual acuity and visual fields provide very different information about the visual status in NA-AION;
the changes in the two can be totally independent and
unrelated to each other. Also, the amount of visual
acuity and visual field change seen in a patient during
follow-up depends upon the time when a patient is first
seen after the onset of visual loss. In our study [24],
patients who were first seen more than 2 weeks
(3 weeks to about 10 weeks) after the onset of visual
loss and still had optic disc edema, showed both less
improvement and less deterioration in visual acuity
and visual fields than those first seen within 2 weeks of
onset. Obviously, the longer the time interval between
onset and first evaluation, the greater the likelihood of
visual changes having occurred already, and, hence,
the smaller the chance of change in visual status from
then on. That study showed that the visual change does
not always mean either improvement or deterioration
throughout the entire course of initial follow-up but
there may be a changing pattern; for example in some
eyes there was improvement/deterioration at one time
and the opposite at another in the same eye.
In my experience of dealing with eyes with both
NA-AION [24] and arteritic AION [43] as well as central retinal artery occlusion [44], I have found the following two phenomena, from time to time.

The Recorded Improvement in Visual Acuity
does not Always Reflect Genuine Improvement
in the Optic Nerve Function
It may simply be due to the patient having learned by
experience to read the test chart better by looking
around and fixating eccentrically. This applies particularly to an eye which has a visual field defect
passing through or just involving the central fixation
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spot (Figs. 16.1a–e, 16.5 and 16.6g, j) or a small central scotoma (Figs. 16.6f and 16.7b). In such cases,
by eccentric fixation, the patient may test much better over time without any actual improvement in the
retinal or optic nerve function. In my studies on various types of ocular vascular disorders, I have found
that, for genuine visual acuity improvement, there
must be simultaneous improvement in both the central scotoma and the visual acuity [24, 43, 44]. In our
study [24] dealing with the natural history of visual
outcome in NA-AION, improvement was due to
eccentric fixation in 26% of the eyes with visual acuity improvement. This was further supported by the
following two findings in that study:
(a) Visual acuity of 20/70 or worse improved in 42%,
but if one excludes those with visual improvement
due to eccentric fixation, the genuine improvement
was in about 30%. This corresponds closely to the
percentage with improved visual fields (27%) during follow-up.
(b) The incidence of worsening of visual acuity and
visual field was the same in that study because that
reflects the actual state of the patient’s visual status. That is why I strongly emphasize that apparent improved visual acuity without corresponding
improvement of central visual field defects on
perimetry or on Amsler chart can be misleading
[24, 43, 44].

Development of a Variable Degree of Amblyopia
in the Eye with Worse Vision
In our studies [24] on NA-AION, I have also found
that in some patients with bilateral NA-AION, when
the second eye developed NA-AION with marked
deterioration of visual acuity, the previously involved
eye with comparatively better visual acuity showed
spontaneous improvement. In NA-AION and other
ocular vascular disorders studied in my Ocular Vascular
Clinic since 1973, I [24] have found that sometimes
the first eye, with poor visual acuity, may develop a
variable degree of amblyopia, even in middle aged and
elderly patients, because the patient may not use that
eye for central vision when the fellow eye has normal
visual acuity (a phenomenon similar to occlusion
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amblyopia in children); however, when the fellow eye
develops marked visual loss from NA-AION, the
amblyopic eye with comparatively better visual acuity
soon shows a variable amount of spontaneous improvement. This has erroneously been attributed to some
treatments [45].

Optic Disc Edema
It is always present at the onset of visual loss. There
are several misconceptions about optic disc edema in
NA-AION. The following data from our study [46],
based on 749 eyes with NA-AION, provides useful
information about the various aspects of optic disc
edema in NA-AION.

Anterior Segment of the Eye
Evolution of Optic Disc Edema in NA-AION
This invariably shows no abnormality except for the
presence of relative afferent pupillary defect in unilateral
NA-AION eyes. In some there may be evidence of neovascular glaucoma, angle closure glaucoma or raised
intraocular pressure due to primary open angle glaucoma
or pseudo-exfoliation of the lens. Raised intraocular
pressure is a definite risk factor for development of
NA-AION (see Chap. 14). Thus, a thorough slitlamp
evaluation of the anterior segment and evaluation of
intraocular pressure are essential for NA-AION patients.
The lens and vitreous invariably do not show any
abnormality in these eyes, except that there may be
normal aging changes in the lens in old patients or
pseudoexfoliation of the lens.

Optic Disc Changes
Optic Disc Characteristics in NA-AION
As discussed in Chap. 14, it is well established that
eyes with NA-AION usually have either no cup or a
very small cup, compared to the general population.
The importance of that in the pathogenesis of NA-AION
is discussed at length in Chap. 14.

Optic Disc Change During the Initial Acute
Phase of NA-AION
Optic disc edema is a classical initial sign of acute
NA-AION.

It is important to comprehend that optic disc edema in
NA-AION evolves as the time passes from onset to resolution. The ophthalmoscopic appearance of optic disc
edema in NA-AION can be divided into two phases.

Ophthalmoscopic Appearance of Optic Disc
Edema at the Onset of NA-AION
Eyes with NA-AION usually have no optic disc cup
(Fig. 16.8a). When these eyes are seen soon after the
onset of NA-AION and visual loss, the optic disc always
is edematous and the edema does not differ in color
from edema due to other causes – in some cases there
may even be hyperemia of the optic disc (Fig. 16.8b)
[10, 47–49]. Initially edema may be more marked in one
part of the disc than the other (Figs. 16.8b and 16.9c)
[10, 47–49]. Frequently there are splinter hemorrhages
at the disc margin (Figs. 16.9 and 16.10). Rarely there
may be some peripapillary retinal detachment.
There is an almost universal impression that optic
disc edema in NA-AION is always pale edema from
the very start. This has resulted in the belief that unless
the optic disc edema is pale, the disease cannot be
NA-AION. This misconception is not infrequently
responsible for missing the diagnosis of NA-AION.
The following detailed discussion is required to explain
the basis of this misconception.
1. One common explanation given for pale edema in
NA-AION is that the color of the optic disc depends
upon its vascularity, and since NA-AION is an ischemic condition, poor circulation makes the disc in
these eyes pale. But my study [50], correlating the
color of the optic disc and vascularity on fluorescein

Optic Disc Changes

a

b

c
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angiography in 55 normal optic discs, showed that:
“in a normal optic disc, redness of the optic disc is
not a true guide to its vascularity.” That study found
that there was uniform redness of the disc all over in
40% and more redness in the nasal than the temporal part in the remaining 60%; however, on fluorescein angiography, optic disc vascularity was uniform
all over in 60% and more marked on the temporal
side in 40%. This was also very well demonstrated
by the fact that eyes with retinitis pigmentosa,
whose discs on ophthalmoscopy have the classical
waxy pale appearance, have quite normal disc vascularity in the prelaminar and deeper parts of the
optic nerve head on angiography (Fig. 16.11) [50].
In another study [51], we also investigated the
source of redness of a normal optic disc, and concluded: “the normal redness of the disc is essentially
due to the filling of the capillaries in the surface
layer of the disc and not due to its deeper vessels.”
The surface layer of the optic nerve head is supplied
by the retinal circulation (Fig. 16.12) [50, 52]. Since
NA-AION is due to vascular insufficiency in the
deeper parts of the optic nerve head, supplied by the
PCA circulation [10, 47–49], (and NOT the retinal
circulation), it cannot cause the optic disc edema to
be pale at onset.
2. The idea that the optic disc edema is always pale in
NA-AION may have been caused by the lumping
together of the findings of optic disc edema in both
arteritic and non-arteritic AION. However, a
chalky white optic disc edema is seen only in eyes
with arteritic AION (see Chap. 12) [47, 48, 53]
and not NA-AION, unless the latter is caused by
embolic occlusion of the PCA [14a], which is a
rare occurrence. This difference in the ophthalmoscopic appearance of optic disc edema in the two
types of AION is caused by the following basic
difference in their pathogenesis, among other
things [10, 11, 48, 49].

Fig. 16.8 Fundus photographs of left eye of a 53-year-old man.
(a) Shows normal optic disc before developing NA-AION. (b)
Shows optic disc edema during the acute phase of NA-AION –
note edema is more marked in the inferior temporal part of the
disc. (c) Shows disc after resolution of edema and development
of pallor – more marked in temporal part than nasal part
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a

b

Fig. 16.10 Fundus photographs showing optic disc edema with
a splinter hemorrhage at the temporal margin of the disc

c

Fig. 16.11 Fluorescein fundus angiogram of right eye of a
patient with retinitis pigmentosa shows filling of the peripapillary choroid and the prelaminar region of the optic nerve head
but no filling of the retinal vessels at this stage (Reproduced
from Hayreh [50].)

Fig. 16.9 Fundus photographs showing three types of optic disc
edema in NA-AION. Note that in (c) the edema is more marked
in the inferior nasal region than elsewhere

Optic Disc Changes
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Fig. 16.12 Schematic representation of blood supply of the optic nerve head (Modified from Hayreh [124]). C choroid, CZ circle
of Zinn and Haller, LC lamina cribrosa, OD optic disc, PCA posterior ciliary artery, PR prelaminar region, R retina, S sclera

(a) Arteritic AION is caused by thrombosis of the
PCA by giant cell arteritis, resulting in complete
occlusion and severe ischemic damage and
infarction of the optic nerve head [10, 11, 48,
49, 53]. By contrast, as discussed at length in
Chap. 14, NA-AION is NOT due to complete
occlusion of the PCA but to transient hypoxia/
ischemia of the optic nerve head [10, 49],
caused by a transient fall of perfusion pressure
in the optic nerve head vascular bed, usually
during sleep [7].
(b) Moreover, after the optic disc edema has
resolved, in arteritic AION the disc mostly
develops cupping (because of severe acute
ischemic damage – see Chap. 12), similar to
that seen in glaucomatous optic neuropathy,
but not in NA-AION [10, 12, 47, 48, 54, 55].

Pattern of Optic Disc Edema in Diabetics
This is discussed below in NA-AION in diabetics.

Evolutionary Pattern of Optic Disc
Changes in NA-AION
Our study [46] showed that if the patient is seen about
2–3 weeks or longer after the onset, the optic disc
gradually develops progressive pallor and the edema
starts to resolve. Once optic disc edema has resolved,
the disc develops sectoral (Figs. 16.8c, 16.13 and
16.14a) or generalized (Fig. 16.14b) pallor. If an eye
has a small disc cup, rarely I have seen that to increase
in size due to loss of nerve fibers.

Optic Disc Edema Undergoes the Following
Evolutionary Changes, till it Resolves Completely
Optic disc edema in NA-AION is due to axoplasmic
flow stasis in the ischemic axons in the optic nerve
head. The speed of axonal destruction depends upon
the severity of ischemia – the more marked the ischemic damage, the earlier and more marked the destruction of the axons [56]. It has been shown that once an
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Fig. 16.13 Fundus photograph of a diabetic patient with
NA-AION, 3½ months after onset, showing segmental pallor in
the upper half of the optic disc, mild edema in the inferior temporal
region and in the lower half, multiple peripapillary hemorrhages
and mild diabetic retinopathy. (Reproduced from Hayreh [47].)

a

b

axon is destroyed, there is nothing left to swell and
consequently no optic disc edema [57, 58]. As the
axons are destroyed, the edema regresses correspondingly and pallor develops.
Our study [46] showed that optic disc changes in
NA-AION go through a characteristic evolutionary
process during the first 2–3 months, and the findings
depend upon the stage at which a particular eye is
seen. The evolution usually follows the following
pattern: initially the involved part of the disc (i.e.,
corresponding to the location of visual field loss) has
edema, with the rest of the disc normal or showing
much less edema → after several days the entire disc
may show generalized edema → still later the optic
disc in the originally involved part begins to develop
pallor and the edema gradually starts to regress in
that part, so that the uninvolved part (corresponding
to normal visual field) may have more edema than
the ischemic part (this pattern has caused a good deal
of confusion) → then the involved part has pallor but
is not edematous any more, while the rest of the disc
may show mild edema and even some pallor → the
optic disc edema gradually resolves → pallor of the
involved region only or the entire disc; in the latter
case, the pallor may or may not be more marked in
the involved part. There is a marked variation in this
pattern from eye to eye, depending upon (a) the
severity of ischemia and the extent of visual loss in
different eyes, and (b) the stage at which different
eyes were initially seen. Therefore, the sector of the
optic disc showing edema usually corresponds to the
location of visual field defect ONLY during the very
early stage, but NOT later on. Arnold and Hepler
[59] similarly recorded “no consistent correlation”
by the sector of the disc edema with the visual field
defect.
Delayed development of optic disc edema in the
part of the disc with no demonstrable visual field defect
indicates subclinical hypoxia/ischemia of axons in that
part [56, 60]. This is caused by secondary compression
of capillaries in the uninvolved part of the optic nerve
by the swollen axons in the originally ischemic part,
because of restricted space in the optic nerve head with

Fig. 16.14 Fundus photographs showing optic disc pallor in
NA-AION. (a) Shows marked pallor of the temporal part, moderate of nasal part and minimal below and above. (b) Shows
marked generalized pallor

Optic Disc Changes

no or only a small cup. Later on, with the axonal
destruction in the original ischemic part of the optic
nerve head, the element of secondary vascular compression resolves, resulting in restoration of normal
blood flow and axonal flow in the uninvolved part and
disappearance of optic disc edema there.
This evolutionary pattern of the presence, appearance, distribution and severity of edema and pallor of
the optic disc in NA-AION has resulted in a good deal
of confusion about the optic disc changes in NA-AION,
their relationship to visual loss, and pathogenesis of
NA-AION. This has even resulted in missing the diagnosis of NA-AION.

Time from Onset of Visual Loss to Resolution
of Optic Disc Edema in NA-AION,
and the Factors that Influence It
Our study [46] showed that the duration of optic disc
edema in NA-AION is influenced significantly by several factors. The overall median time (25th–75th percentile) to resolution of optic disc edema from the onset of
visual loss is 7.9 (5.8–11.4) weeks. It take a significantly (p = 0.003) longer time for optic disc edema to
resolve in diabetic patients and a significantly
(p < 0.0001) shorter time in those with worse initial
visual field loss, worse initial visual acuity (p = 0.0009),
and those treated with high dose corticosteroid therapy
(p < 0.0001). Multi-factor analysis in that study
showed that each of these factors had an independent
influence on the resolution time of optic disc edema.
Naturally, the question arises as to why these factors
influence the time to resolution and what is their
importance.

Effect of Severity of Visual Field Loss
The severity of visual field loss is a reflection of the
amount of axonal loss due to ischemia, and that in turn
depends upon the severity of ischemia – the more
marked the ischemic damage, the earlier and more
marked the destruction of the axon [56]. It has been
shown that once an axon is destroyed, there is nothing
left to swell and consequently no optic disc edema [57,
58]. So, it is no surprise that the study showed that the
worse and more marked the initial visual field loss, the
earlier the optic disc edema resolved (p < 0.0001).
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Effect of Severity of Visual Acuity Deterioration
Similarly, the study showed that the worse the initial
visual acuity, the shorter the time to resolution of
optic disc edema (p = 0.04). As in visual field loss,
the extent of visual acuity deterioration is usually an
index of severity of axonal damage. However, when
a visual field defect spares the central fixation, the
extent of visual field loss and visual acuity deterioration do not correspond. For example, in eyes with
altitudinal visual field loss but sparing the fixation
area [17], although half of the visual field is lost
(as a result of loss of half of the axons), visual acuity
is still 20/20 (Figs. 16.1a and e). That disparity
between the extent of visual field loss and visual
acuity deterioration in some eyes is the reason why
there is a more significant correlation between the
time to resolution of optic disc edema with visual
field loss (p < 0.0001) than with visual acuity deterioration (p = 0.04), although both show a significant
correlation with the time to resolution of optic disc
edema.

Effect of Diabetes Mellitus
The study showed that in diabetics optic disc edema
due to NA-AION takes significantly (p = 0.003) longer
to resolve than in non-diabetics [46, 61]. The reasons
for this are discussed below in optic disc changes in
diabetics and in incipient NA-AION.

Effect of Corticosteroid Therapy
Interestingly, the study showed that optic disc edema
resolved significantly (p = 0.0008) sooner in patients
who were treated with high dose corticosteroid therapy, than in those who were not, independent of the
effect of the severity of their initial visual field loss
[46] (Fig. 16.15) or visual acuity loss on optic disc
edema resolution.
The presence of an ischemic penumbra in nervous
tissue is well known. The postulated rationale for
giving corticosteroid therapy during the early stages
of NA-AION is that it would resolve optic disc
edema faster, leading to improved circulation in the
vessels of the optic nerve head [22, 62]. The axons
that are still in the phase of reversible ischemic
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Fig. 16.15 Plots of the fitted cumulative distributions of time to
optic disc edema resolution estimated from fitting the multi-factor model for various combinations of diabetes mellitus, steroid

therapy, and severity of initial field defect (Reproduced from
Hayreh and Zimmerman [46])

damage (i.e., anatomically alive but not functioning), may recover function with improved circulation and not suffer irreversible axonal damage.
Naturally, the question arises as to why corticosteroid therapy shortened the optic disc edema resolution
time. Optic disc edema in NA-AION is due to a combination of (a) axoplasmic flow stasis, and (b) increased
capillary permeability and fluid leakage, as shown by
fluorescein angiography (Fig. 16.16). So far, the effect
of systemic corticosteroids on axoplasmic flow stasis
has not been studied in the optic nerve head. In one
postmortem, in vitro study of the effect of cortisol on
axoplasmic flow in prefrontal and temporal cortical
neurons of four aged human brains, a “bell-shaped”
effect was found: a stimulating effect at low concentrations, and a depressing effect at high concentrations
[63]. Whether that has any relevance to in vivo
axoplasmic flow stasis seen in NA-AION remains
unknown.
Foulds [64] postulated that corticosteroid therapy
in acute NA-AION reduces optic disc edema by
reducing the capillary permeability. There is ample

evidence that corticosteroids are effective in many
non-inflammatory diseases. For example, oral [65]
or intravitreal [66–69] corticosteroid therapy reduces
macular edema due to various causes. Although the
exact mechanism by which corticosteroids act in all
these conditions is not known, it seems most probable that they alter capillary permeability and reduce
fluid leakage. As discussed below, fluorescein
angiography invariably shows leakage of fluorescein
in the optic nerve head when the disc is edematous
in NA-AION (Fig. 16.16b), but not in normal or
atrophic discs – a proof of increased capillary permeability in optic disc edema. The more rapid resolution of optic disc edema with corticosteroid
therapy suggests a reduction in capillary leakage,
similar to that in macular edema. Therefore, the
finding that corticosteroid therapy significantly
(p = 0.0006) shortens the duration of optic disc
edema (Fig. 16.15) has therapeutic implications, as
shown by the significantly better visual outcome following systemic corticosteroid therapy, discussed in
Chap. 17 [22].

Optic Disc Changes
Fig. 16.16 (a) Fundus
photograph (left) and
fluorescein angiogram (right)
of right eye with NA-AION.
Fundus photograph shows
optic disc edema. Fluorescein
angiogram at that time
showed non-filling of
temporal part of the
peripapillary choroid and
adjacent optic disc and of
upper half of the choroidal
watershed zone (arrow), with
normal filling of both the
medial and lateral posterior
ciliary arteries (Reproduced
from Hayreh [14a].).
(b) Fluorescein angiogram
showing late staining of the
optic disc in an eye with
NA-AION

361

a

b

Optic Disc Pallor
Once optic disc edema resolves in NA-AION, a variable severity and distribution of disc pallor is invariably seen (Figs. 16.8c, 16.13 and 16.14).
Relationship Between Distribution and Severity
of Optic Disc Pallor on Resolution of Optic Disc
Edema, and those of Visual Field Defects and
Visual Acuity Deterioration
Arnold and Hepler [59] stated “late segmental optic
atrophy in nonarteritic anterior ischemic optic

neuropathy typically corresponds to the resultant visual
field defect”; this is the prevalent impression. However,
our study [46] found there was often little or no such
correlation. For example, optic discs with uniform,
generalized pallor were frequently associated with only
altitudinal, quadrantic or other types of visual field
defects, and visual acuity anywhere from normal to
markedly deteriorated. The fact that in such cases the
optic disc shows optic disc edema in parts of the optic
disc at an early stage without any corresponding visual
field defect, and later generalized pallor, indicates some
diffuse optic nerve fiber ischemic damage in an area
where there is clinically no detectable visual loss. This
seems to be due to the inability of perimetry to show
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visual field loss when there is subthreshold, diffuse
loss of nerve fibers in the optic nerve. This is very well
demonstrated by OCT and GDX studies in NA-AION
by Dr. Randy Kardon (Personal communication). OCT
was obtained with Zeiss Meditec Stratus OCT3 using a
standard peripapillary circular scan (fast retinal nerve
fiber layer scan) which is an average of three sequential
scans. The GDx was obtained with variable corneal
compensation (VCC). Figure 16.17 is a representative
case from Dr. Kardon’s series. In this case both kinetic
and static (Fig. 16.17a) perimetry showed a complete
superior altitudinal field loss and no detectable threshold decrease in the lower field; however, it clearly
showed the following two findings: (1) OCT
(Fig. 16.17b) and GDX (Fig. 16.17c) both showed similar thinning of both the superior and inferior nerve
fiber bundles, but (2) nevertheless, the optic disc pallor
(Fig. 16.17d) in the right eye was mainly in the inferior
temporal region. On occasions, I have seen a perfectly
normal-looking optic disc after resolution of optic disc
edema with well documented visual field defects.
The implication of these observations is that in
NA-AION: (a) the nerve fiber damage is often more
extensive than demonstrated by the visual field defects
or even the visual acuity, and (b) the presence and distribution of optic disc pallor does not always reflect the
extent and location of nerve fiber loss. Because of
these confounding factors, one should be cautious in
interpreting the severity and distribution of visual and
nerve fiber loss from the severity and distribution of
optic disc pallor.

very early arterial phase of dye filling in the fundus.
My studies have shown that there is almost invariably
a filling defect/delay in the prelaminar region and in
the peripapillary choroid and/or choroidal watershed
zones (Fig. 16.16a; also see Figs. 3.39, 3.41, 3.45,
3.52, 3.54, 3.57–3.59 in Chap. 3) at onset of NA-AION
[10, 14a]. Others [59, 70] have shown the same. In the
rare case where NA-AION is due to embolism into the
PCA, the part of the choroid supplied by the occluded
PCA or short PCA does not fill (see Figs. 3.27, 3.33,
3.35 in Chap. 3). On angiography, the optic disc with
optic disc edema always shows dye leaking from the
capillaries in the optic nerve head and late staining
(Fig. 16.16b). Fluorescein leakage may be due to two
factors: (1) ischemic insult to the capillaries in the
optic nerve head, and (2) venous stasis produced by the
capillary compression [71]. Foulds [64] also pointed
out that increased capillary permeability due to anoxic
capillary damage was an important factor in the development of optic disc edema in NA-AION. Therefore,
there are primary and secondary changes in the optic
nerve head which produce optic disc edema in
NA-AION – the primary change being ischemic axoplasmic flow stasis and the secondary vascular changes
and fluid leakage. Late optic disc staining (Fig. 16.16b)
is due to optic disc capillary leakage, but from the
diagnostic point of view it is a non-specific finding of
optic disc edema, present in optic disc edema from different causes, and not of diagnostic importance.

Role of Fluorescein Fundus Angiography
in Arteritic AION
Fluorescein Fundus Angiography
It is most unfortunate that this extremely useful and
readily available test is not used as often as it should
be in evaluation of AION.

Role of Fluorescein Fundus Angiography
in NA-AION
It provides important and useful information when
performed during the initial stages of the disease.
Telltale impaired circulation and its location in
NA-AION on angiography are seen only during the

Fluorescein angiography is extremely helpful in the
differentiation of arteritic AION from NA-AION.
Since the former is due to thrombotic occlusion of the
PCA, as discussed in Chap. 12, fluorescein angiography shows evidence of occlusion of the PCA, i.e.,
absent filling of the area of the choroid as well as of the
optic disc supplied by the occluded artery; but in
NA-AION no evidence of occlusion of the PCA is seen
except in an occasional case of embolic NA-AION
(see Figs. 3.27, 3.33, 3.35 in Chap. 3). This information is available to the ophthalmologist within a few
minutes and helps to differentiate the two types of
AION. Since arteritic AION is a dire ophthalmic emergency, and it is essential to start aggressive high dose

Fluorescein Fundus Angiography
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a

Fig. 16.17 A 42-year old woman developed NA-AION in her
right eye. Two years later, both kinetic and static (a) perimetry
showed a complete superior altitudinal field loss only and visual
acuity 20/20. At the same time, OCT (b) and GDX (c) showed a
similar thinning of both the superior and inferior nerve fiber

bundles in spite of the fact that there was no detectable threshold
decrease in the lower field (a). The optic disc showed pallor
mainly in the inferior temporal region (d). (Reproduced from
Hayreh and Zimmerman [46])
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Fig. 16.17 (continued)

corticosteroid therapy immediately, to prevent any further visual loss, this immediately available information
is invaluable.

Other Fundus Changes in NA-AION
The presence of a few splinter hemorrhages on optic
disc or immediate peripapillary region is common in
association with the optic disc edema (Figs. 16.9 and
16.10); those resolve spontaneously with resolution of
the optic disc edema. Diabetics tend to have more peripapillary retinal hemorrhages than non-diabetics (see
below) [61, 72]. Occasionally, I have seen mild serous
retinal detachment between the optic disc and macula
and that may even extend to the macular region to produce macular edema, which resolves with resolution
of optic disc edema (Fig. 16.18). This has also been
reported by other authors [73, 74]. Because of the optic
disc edema, there is a certain amount of retinal venous
engorgement. In some eyes, as the optic disc edema
resolves, some lipid deposits are seen in the peripapillary or macular region, particularly in patients with
elevated lipids. These lipid deposits persist longer than
optic disc edema, so they are a good footprint for the
presence of optic disc edema in the recent past, and
this is helpful towards the diagnosis of NA-AION
when the patient is seen after the resolution of optic
disc edema.

Bilateral NA-AION
Reports of the cumulative probability of the fellow
eye developing NA-AION have varied among different
studies: 25% within 3 years (Fig. 16.19) in 438
patients [75], 17% in 5 years in 431 patients [76] and
15% over 5 years in 326 patients [77]; however, different criteria were used to determine the probability,
which may explain the differences. According to one
study [75], the risk is greater in men (Fig. 16.20), particularly young (<45 years) diabetic men; this subgroup had 1.56 times the risk of young diabetic
women, 2.56 times the risk of women who are either
nondiabetics or who are not young, and 1.64 times the
risk of both older men and nondiabetic men
(Figs. 16.21 and 16.22). This is an intriguing finding,
but we have no explanation for it. According to
another study [77], an increased incidence is associated with poor baseline visual acuity and diabetes
mellitus. The risk of the second eye getting involved
by NA-AION was evaluated by us [61] in 655 patients
(206 diabetics and 449 nondiabetics) and that showed
a significantly (p = 0.003) greater risk in diabetics
than in nondiabetics; our study [61] also showed that
the median (25th–75th percentile) time to involvement
of the fellow eye by NA-AION was 6.9 (0.4–16.9)
years in diabetics and 9.1 (1.8–19.0) years in
nondiabetics.
There are reports in the literature of simultaneous
onset of bilateral NA-AION. In my study of about

Bilateral NA-AION
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Fig. 16.18 Fundus photograph (a) and OCT (b) of right eye with NA-AION and serous retinal detachment between the optic disc
and the macula (Reproduced from Hayreh [125])
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Fig. 16.18 (continued)

1,350 patients with NA-AION, the reported “simultaneous” visual loss in both eyes due to NA-AION
was usually reported by patients who had been
unaware of the NA-AION in the first eye until the
second eye got involved. The pattern of optic disc
edema during the initial stages of NA-AION is different from that later on (see above), and that is helpful to time the onset in bilateral NA-AION.
Simultaneous bilateral onset of NA-AION is
extremely rare, occurring only in patients who

develop sudden, severe arterial hypotension, e.g. during hemodialysis or surgical shock.

Recurrence of NA-AION in the Same Eye
Such recurrences mentioned in the literature are often
more a progression of NA-AION during the acute
stage rather than actual new episodes after the first
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Fig. 16.19 A graphic representation of cumulative incidence
rates (Kaplan-Meier estimates) of developing bilateral arteritic
and non-arteritic AION. The curve for arteritic AION ends at
6.1 months because in no patients with giant cell arteritis did
arteritic AION subsequently developed (Reproduced from Beri
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Fig. 16.21 A graphic representation of cumulative incidence
rates (Kaplan-Meier estimates) of developing bilateral NA-AION
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old) (Reproduced from Beri et al. [75])
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Fig. 16.20 A graphic representation of cumulative incidence
rates (Kaplan-Meier estimates) of developing bilateral NA-AION
in men and women (Reproduced from Beri et al. [75])

episode has resolved completely. In our study of 829
NA-AION eyes [78], on a median follow-up of
3.1 years (inter-quartile range of 1.1–7.2 years), 7.5%
patients or 6.4% eyes developed more than one episode of NA-AION in the same eye (i.e. recurrence of
NA-AION). Four patients developed more than two
episodes of NA-AION – anywhere from three to more
than seven in an eye. The Kaplan-Meier survival curve
(Fig. 16.23), showed the cumulative percentage of
recurrence of NA-AION from first episode to second
episode at 3 months 1.0% ± 0.4%(SE), at 6 months
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Fig. 16.22 A graphic representation of cumulative incidence
rates (Kaplan-Meier estimates) of developing bilateral NA-AION
in patients with diabetes mellitus, arterial hypertension, both
diabetes and hypertension and other systemic disease or idiopathic group (Reproduced from Beri et al. [75])

2.7% ± 0.7%, at 1 year 4.1% ± 0.9%, and 2 years
5.8% ± 1.1%. There was no difference in the presence
or absence of an optic disc cup between the groups
without and with recurrence of NA-AION in the same
eye. There was an association between age at first
onset and recurrence (p = 0.069), in particular, patients
who had a recurrence in both eyes were those who had
their first onset of AION at a significantly younger age
than patients with no recurrence (p = 0.007). There was
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Fig. 16.23 Kaplan-Meier curve showing the incidence of recurrence of NA-AION over a 20-year period of follow-up, and the
number of patients that were followed at various time intervals
(Reproduced from Hayreh et al. [78].)

no significant association between the recurrence of
NA-AION and the systemic conditions that were
examined, except for nocturnal diastolic arterial
hypotension. Patients with a recurrence of NA-AION
had a significantly lower mean nighttime minimum
diastolic blood pressure (p = 0.003) and greater mean
percentage drop during sleep in diastolic blood pressure (p = 0.011) than did the patients who did not suffer
recurrence. Compared to the development of NA-AION
in the second eye (see above), the development of more
than one episode of NA-AION in the same eye is much
less common, being 5.8% ± 1.1% on a follow-up of
2 years after the first episode. Thus, nocturnal arterial
hypotension emerges as an important causative factor for persons developing more than one episode of
AION in an eye.
The following case report in our study is an instructive example of this [78]. A 57-year old hypertensive
woman, who was taking multiple arterial hypotensive
therapies more than once a day, developed more than
seven episodes of NA-AION in the right eye and more
than six in the left eye, over a follow-up period of
15 years in my clinic, rendering her legally blind with
extensive visual loss in both eyes. On 24-hour ambulatory blood pressure monitoring, her lowest blood pressure during sleep was barely 77/35 mmHg while during

her waking hours it was perfectly normal (mean systolic
and diastolic pressures 129/73 mmHg) – that is, she had
severe nocturnal arterial hypotension. Her intraocular
pressure on a 3 hourly plotting during the waking hours
was between 15 and 20 mmHg in both eyes. The amount
of fall of blood pressure during the night depends upon
the depth of sleep [9]. It is very likely that, when this
lady was sound asleep at home in her own bed (and not
disturbed by the repeated inflation and deflation of the
arm blood pressure monitoring cuff every 20 min in a
hospital bed) her diastolic blood pressure may have
been even lower than 35 mmHg. Moreover, the
35 mmHg diastolic blood pressure was in the brachial
artery, whereas it would be about half of that or even
less in the capillaries of the optic nerve heads. A number of studies have shown that intraocular pressure is
higher during sleep than during waking hours [79–82].
Therefore, this patient’s intraocular pressure was most
probably about 19–20 mmHg or even higher during
sleep. From this information, one can deduce that there
were probably periods during sleep when there was no
blood flow in the optic nerve head capillaries during the
diastolic phase of the cardiac cycle, resulting in a pulsatile blood flow in the optic nerve head. She discovered
visual loss in most of her episodes on waking up in the
morning, which is the usual pattern in NA-AION [7]. In
addition to all that, she was diabetic and had had elevated cholesterol for years. This case reinforces the
findings about the role of nocturnal arterial hypotension
in the development of a first episode of NA-AION as
well as its recurrence [3, 7, 9, 10, 83].
In another case in our study [78], there was a strong
suggestion of recurrent microembolization as the main
risk factors in the development of four episodes in the
right and two episodes in the left eye. However, this
seems to be a very rare cause. If patients have elevated
cholesterol and associated plaques in the carotid arteries, it is generally considered that the associated ischemic disorders are due to embolism; however, our
experimental studies [15, 84] have suggested that
release of serotonin (a potent vasoconstrictor) by platelets deposited on plaques can also cause vascular
occlusion by producing a spasm, and that may play a
role in the recurrence of NA-AION in some cases.
The question arises: why does NA-AION recur so
much less often in the same eye than in the fellow eye?
A number of hypotheses have been put forward to
explain the infrequent recurrence of NA-AION in the
same eye, and these include the following:

NA-AION in Diabetics Versus Non-diabetics

Inability of a Patient to Recognize Further
Visual Loss After the Initial Visual Loss
It has been postulated that a patient might be less likely
to recognize further visual loss in the same eye after
having suffered visual loss once [85, 86]. In our study
[78] this happened only rarely. Beck et al. [85]. also
discounted this as a valid reason for the rare finding of
recurrence of NA-AION in the same eye.

Shunting Blood from the Damaged Part
of the Optic Nerve Head (ONH) to the
Normal Part
It has been postulated that once a portion of the optic
disc is damaged by ischemia, the blood supply is then
shunted away from this area to the still-functioning
part of the disc, and that is sufficient to protect the
remainder of the disc from a second ischemic episode
[85]. Based on my multiple studies for more than
4 decades on various aspects of the ONH circulation in
health and disease, I can find no evidence to support
this speculation. Similarly the concept of so-called
“luxury perfusion”, postulated by some, is not valid.
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compressed by the swollen axons, a fall of BP during
sleep (nocturnal arterial hypotension) may further
reduce the perfusion pressure in those capillaries, leading to reduced blood flow or even no circulation during
sleep, and consequent ischemia of the ONH. That
would explain why nocturnal arterial hypotension is
not only a precipitating factor for NA-AION in vulnerable ONHs but also shows a significant correlation
with progressive visual field deterioration in NA-AION,
particularly in arterial hypertensives on hypotensive
therapy [9, 83].
As a corollary to that, some ophthalmologists have
put forward the hypothesis that initial destruction of
nerve fibers in a crowded optic disc may provide more
space for the surviving fibers to swell into, thus minimizing the effect of the mechanical factor that may
aggravate an initially mild ischemic insult, rendering it
irreversible [86]. However, this hypothesis does not
stand up to critical scrutiny. In glaucomatous optic
neuropathy and arteritic AION [47, 87], there is an
increase in cup size with the loss of axons, but not in
NA-AION [12]. This is because destruction of the
axons in NA-AION is accompanied by secondary gliosis in the ONH, without development of any cupping
or increase in cup size, so that no additional space
becomes available for the surviving axons.
Thus, we do not yet have a satisfactory explanation
why NA-AION recurs so much less often in the same
eye than in the fellow eye.

Initial Destruction of Nerve Fibers in
a Crowded Optic Disc Providing More
Space for the Surviving Fibers

NA-AION in Diabetics Versus
Non-diabetics

To explain why optic discs without a cup are far more
vulnerable to NA-AION, it has been [13, 14] postulated that in such discs there is crowding of the optic
nerve fibers in a restricted space, surrounded by the
inelastic Bruch’s membrane. When the axons swell
due to axoplasmic flow stasis during the incipient stage
of NA-AION [56, 60], there is no space for them to
expand (because of the absence of a cup and rigid
Bruch’s membrane around the optic canal).
Consequently they compress the intervening capillaries; this further compromises the ONH blood flow,
thereby setting up a vicious circle: ischemia → axonal
swelling → compression of the capillaries in the
ONH → more ischemia. When the ONH capillaries are

Comparison of various aspects of NA-AION in diabetics and non-diabetics revealed interesting information
in our study [61] of 655 consecutive NA-AION patients
(931 eyes) – 206 patients with diabetes and 449 without. Comparison of various clinical features of
NA-AION between diabetics and non-diabetics
showed no significant difference in age, but diabetics
had slightly more women than men (45% vs. 38%;
p = 0.078), and a higher prevalence of arterial hypertension (p < 0.0001), ischemic heart disease
(p = 0.0001), transient ischemic attacks (p = 0.0003),
and second eye involvement by NA-AION (p = 0.003).
Initial visual acuity did not differ significantly between
diabetics and non-diabetics; however, of those seen
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within 2 weeks of onset of NA-AION, diabetics had
less severe visual field defect (p = 0.010). At 6 months
after onset, there was no significant difference in visual
acuity and visual field improvement between diabetics
and non-diabetics. The time to optic disc edema resolution was significantly (p = 0.003) longer in diabetics
than non-diabetics.

This is of great practical clinical importance. My studies of NA-AION since 1973 have shown that in diabetics of all ages, during the initial stages of NA-AION,
the optic disc edema is usually (though not always)
associated with characteristic and diagnostic prominent,
dilated and frequently telangiectatic vessels over the

disc, and much more numerous peripapillary retinal
hemorrhages than in non-diabetics [10, 61, 72]
(Figs. 16.13, 16.24a, c, 16.25a, c, 16.26 and 16.27).
When the optic disc edema resolves spontaneously,
these prominent telangiectatic disc vessels and retinal
hemorrhages also resolve spontaneously (Figs. 16.24b, d
and 16.25b, d). This pattern of optic disc edema and
fundus changes in diabetics during the acute phase of
NA-AION has confused the issue and often resulted in
a good deal of controversy, and the following two types
of misdiagnoses.
1. These findings have been mistaken for proliferative
diabetic retinopathy associated with optic disc neovascularization, and mistakenly treated with panretinal
photocoagulation [10, 61, 72]. Then the spontaneous
resolution of optic disc and fundus changes have been
attributed to the supposed “beneficial effect” of panretinal photocoagulation [61, 72]; in fact, panretinal
photocoagulation is not only not indicated in this disease, but produces unnecessary extensive retinal damage and associated visual complications.

Fig. 16.24 Fundus photographs (a, b) of the right eye and (c, d)
of the left eye, of a 19½ year-old white male juvenile diabetic with
NA-AION (Reproduced from Hayreh and Zahoruk [72]) (a, c) On
first visit to our clinic: Fundus photographs, (a) of the right eye
and (c) of the left eye, show massive optic disc edema with marked
telangiectatic vessels on the optic disc, many retinal hemorrhages,

engorged retinal veins, and in the right macular region lipid deposits. Visual acuity was 20/25 in the right eye and 20/40 in the left
eye, with enlargement of blind spot in both eyes. (b, d) On resolution of optic disc edema: Fundus photographs, (b) of the right eye
and (d) of the left eye, show normal-looking optic discs, no abnormal vessels on the discs, and no retinal hemorrhages

Pattern of Optic Disc Edema
and Fundus Findings in Diabetics Versus
Non-diabetics

Pattern of Optic Disc Edema and Fundus Findings in Diabetics Versus Non-diabetics
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Fig. 16.24 (continued)

Fig. 16.25 Fundus photographs of both eyes of a 51-year old
woman with adult onset diabetes mellitus. She developed bilateral
NA-AION, first in the right eye (a, b) and 8 months later in the left
eye (c, d) (Reproduced from Hayreh and Zahoruk [72]) (a, c) On
first visit to our clinic: Fundus photographs show massive optic
disc edema with marked telangiectatic vessels on the optic disc,

and many retinal hemorrhages. Visual acuity was 20/20 in the left
and 20/15 in the right eye. Both eyes had inferior nasal visual field
defect. (b, d) On resolution of optic disc edema: Fundus photographs show no optic disc edema but mild temporal pallor, no
abnormal vessels on optic disc, and no retinal hemorrhages in the
right eye (b) and a few resolving hemorrhages in the left eye (d)
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Fig. 16.25 (continued)

Fig. 16.26 Fundus photograph of the left eye of a diabetic
patient with NA-AION when seen at initial visit

2. This pattern of optic disc edema and fundus changes
in NA-AION in diabetics has also often been misdiagnosed as a distinct clinical entity called “diabetic
papillopathy” or “diabetic papillitis” [88–96], causing confusion and controversy. The following two
factors in diabetics are responsible for this
misunderstanding:
(a) Incipient NA-AION [60] (see below) initially
occurs more frequently in diabetics than nondiabetics.

Fig. 16.27 Fundus photograph of the left eye of a diabetic
patient with NA-AION 16 days after onset, with visual acuity of
20/40. This shows optic disc edema which was maximum in the
superior nasal half, with superficial peripapillary retinal hemorrhages and early diabetic retinopathy. Fig. 16.13 is 3½ months
after onset (Reproduced from Hayreh [47])

(b) Some diabetic patients with NA-AION or incipient NA-AION also concurrently have diabetic
macular edema with poor visual acuity; this has
added to the confusion. Diabetic macular edema,
per se, however, does not produce any optic
nerve related visual field defects.
We have discussed at length elsewhere why “diabetic
papillopathy” is actually NA-AION in diabetics, and

Incipient NA-AION

not a distinct clinical entity [46, 60, 72, 97],. Once one
considers all these factors, it becomes apparent that the
term and diagnosis of “diabetic papillopathy” are not
correct and confuse the issue.
Studies have shown no difference in NA-AION in
optic disc morphology [13] or fluorescein angiographic [46] findings between the diabetic and nondiabetic NA-AION eyes, except that, as discussed
above, diabetic NA-AION eyes usually had telangiectatic vessels during the acute phase of NA-AION (as
shown in Figs. 16.13, 16.24–16.28), which leaked
fluorescein.

Incipient NA-AION
In 1981, I [56] reported that “symptomless optic disc
edema precedes the visual loss and may be the earliest
sign of AION (NA-AION).” There is an almost universal
belief that unless and until there is sudden visual loss in
addition to optic disc edema, it cannot be NA-AION.
This has resulted in: (a) missing the diagnosis of
NA-AION when a patient presents initially with asymptomatic optic disc edema, and (b) extensive and expensive neurologic and other investigations. For example,
initial asymptomatic optic disc edema in diabetics has
been designated as “diabetic papillopathy” or “diabetic
papillitis” (see above).Similarly, initially asymptomatic
optic disc edema in patients who take amiodarone has
been considered “amiodarone optic neuropathy” (see
below). As discussed in this chapter, both these conditions are in fact NA-AION.
I [56] was able to trace seven similar cases previously reported in the literature [32, 64, 98, 99], and I
[10] later named this clinical entity “incipient
NA-AION.” Recently we [60] reported the clinical
features and other aspects of “incipient NA-AION”
based on 54 such patients (60 eyes). In that study, the
mean (SD) age of the patients was 58.7 ± 15.9 years
(range 16–85 years). There was no significant (p = 0.43)
difference in mean age at onset/diagnosis between the
incipient NA-AION and classical NA-AION. At the
initial visit, all eyes with incipient NA-AION had
optic disc edema without any visual loss attributable
to NA-AION. In 55%, the fellow eye had classical
NA-AION, in 25% incipient progressed to classical
NA-AION (after a median time of 5.8 weeks), and
20% developed classical NA-AION after resolution of
a first episode of incipient NA-AION. The median
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time to resolution of the optic disc edema in the “progressed group” was 5.8 weeks versus 9.6 weeks in
those that did not. Patients who progressed to classical
NA-AION were significantly younger than those who
did not. Patients with incipient NA-AION had a significantly (p < 0.0001) greater prevalence of diabetes
mellitus than classical NA-AION. Thus, “incipient
NA-AION” is a distinct clinical entity.
The following two case summaries are representative of a common clinical pattern in incipient
NA-AION.

Case 1
A 52-year old white male diabetic was first seen in my
clinic with a history of loss of the lower half of the
visual field in his left eye (Fig. 16.1e). On examination
he was found to have classical NA-AION with optic
disc edema and inferior altitudinal defect and visual
acuity of 20/20. Two months later, at a routine followup visit, examination of his right eye showed optic disc
edema involving the upper part of the optic disc with
some telangiectatic vessels (Fig. 16.28a, b). On questioning he denied any subjective visual symptoms at all
in that eye. On examination, visual acuity in the right
eye was 20/15, and visual fields showed no defect at all
even with I-1e isopter, except for some enlargement of
the blind spot with I-1e (Fig. 16.29). The patient was a
traveling salesman; because of the permanent absolute
inferior altitudinal defect in his left eye, he was very
apprehensive that if the same visual defect developed in
his right eye, he would be crippled professionally. When
seen 2 weeks later, optic disc edema in his right eye was
slightly more marked (Fig. 16.28c), still without any
subjective or objective visual loss. In consultation with
the Endocrinology Department of our University
Hospital, he was treated with systemic steroid therapy
(according to the protocol described in Chap. 17) while
that department monitored his diabetes. One week later
his optic disc edema was resolving and 3 weeks later
there was only mild optic disc edema. Six weeks after
that, when he was off steroid therapy, he woke up in the
morning with a complete loss of vision in the lower
field of his right eye. Next day in the clinic, examination showed visual acuity of 20/20 and absolute inferior
nasal sector defect, sparing fixation (Fig. 16.1b), with
recurrence of optic disc edema; 1 week later the visual
field defect had progressed to an absolute inferior
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a

c

Fig. 16.28 Fundus photographs and fluorescein angiogram of
the right eye of a diabetic patient (Reproduced from Hayreh SS
[55].) (a, b) On the day asymptomatic optic disc edema was first
discovered: (a) Fundus photograph. (b) Fluorescein fundus angiogram during the late phase; both show optic disc edema involving
the superior temporal region of the optic disc. In (a) note promi-

b

d

nent, dilated vessels over the edematous part of the optic disc.
Visual field on this visit is shown in Fig. 16.29. (c) Two 2 weeks
later: optic disc edema and prominent, dilated vessels in his right
eye are slightly more marked, and the eye was still completely
asymptomatic. (d) On resolution of optic disc edema: Pallor of
the upper half of the optic disc. Visual field shown in Fig. 16.1c

altitudinal defect, bisecting fixation (Fig. 16.1c). About
3½ months later, optic disc edema had resolved, with
development of pallor of the upper half of the disc and
a normal lower half (Fig. 16.28d). There was no visual
recovery in either eye on follow-up.

Case 2

Fig. 16.29 Visual field (plotted with a Goldmann perimeter) of
the right eye with incipient NA-AION shows mild enlargement
of the blind spot only (Reproduced from Hayreh [56])

A 19½ year-old white male juvenile diabetic was referred
to my clinic for evaluation of diabetic retinopathy. On
questioning he said that he had experienced vague blurring of vision for 3–4 h every morning in both eyes for
about 1 month and had no other visual complaint. On
examination, the visual acuity was 20/25 in the right and
20/40 in the left eye, and visual fields were normal

Incipient NA-AION

except for an enlarged blind spot in both eyes.
Ophthalmoscopy revealed bilateral massive optic disc
edema with marked telangiectatic vessels on it, and
punctate hemorrhages in the surrounding retina
(Fig. 16.24a, c). Both eyes showed evidence of early diabetic retinopathy, with mild macular edema and some
lipid deposits in the right macular region. A complete
evaluation in the Neurology Department of our University
Hospital revealed no neurologic abnormality to explain
the bilateral optic disc edema. Eleven days later, his left
eye developed blurred vision in the lower half and when
seen in our clinic a week after that the visual acuity was
20/25 in the right and 20/30 in the left eye. Visual fields
in the left eye showed inferior altitudinal defect, sparing
fixation, with I-2e isopter, a large inferior scotoma with
III-4e and an inferior nasal defect with I-4e isopter
(Fig. 16.6h), and in the right eye only an enlarged blind
spot. Optic disc edema was more marked than before.
He was diagnosed to have bilateral NA-AION. In consultation with the Endocrinology Department of our
University Hospital, he was treated with systemic steroid therapy (according to the protocol described in
Chap. 17) while that department monitored his diabetes.
Six days later his visual acuity was 20/20 in both eyes.
Both fundi were normal after 7 weeks (Figs. 16.24b, d).
The enlarged blind spot in the right eye gradually
resolved to normal. When optic disc edema resolved in
both eyes, the left eye showed almost normal visual field
(Fig. 16.30) – comparison of visual fields in Figs. 16.6h
and 16.30 shows marked visual field recovery.

Fig. 16.30 Visual fields (plotted with a Goldmann perimeter) of
the left eye with incipient NA-AION shows almost normal visual
field, with mild inferior nasal constriction with I-4e (Reproduced
from Hayreh and Zahoruk [72])
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Thus, in Case 1, incipient NA-AION was discovered
accidentally during a routine follow-up of classical
NA-AION in the fellow eye, while in Case 2 incipient
NA-AION developed simultaneously in both eyes. In
both cases, the visual field defects were typically those
seen in NA-AION, i.e. the most common was the inferior
nasal defect and the next the inferior altitudinal defect.
When considering incipient NA-AION, one has to
bear in mind that almost all diseases go through an evolutionary process, passing from asymptomatic to symptomatic phases. It is only rarely that the clinician is
fortunate enough to observe the evolution of a disease
before it becomes symptomatic, since it is the onset of
symptoms that normally brings the patient to a physician.
Similarly, NA-AION patients are usually first seen when
they develop visual loss. In incipient NA-AION there is:
(a) optic disc edema, with a segmental pattern similar to
that seen in the early stages of classical NA-AION, i.e.,
often either involving only one part of the disc or more
marked in one part than the other (Fig. 16.8b), (b) no subjective or objective visual loss attributable to classical
NA-AION – though some eyes had an enlarged blind
spot corresponding to the optic disc edema, and (c) ocular, orbital, neurologic and systemic evaluation reveals
no other cause for the asymptomatic optic disc edema.
By contrast, classical NA-AION patients first present
with a typical clinical picture, i.e., a history of sudden
visual loss, usually discovered on waking up in the morning [7], segmental optic disc edema initially [46], and
optic disc related visual field defects [17] with or without
defective visual acuity [24]. Thus, available evidence
indicates that incipient NA-AION represents an asymptomatic, early phase in the evolution of the disease process. This is further supported by the fact that in this
study, of the 60 eyes with incipient NA-AION, over half
(55%) had classical NA-AION simultaneously or at
another time in the fellow eye; of the 55 eyes with follow-up, in 25% incipient NA-AION progressed to classical NA-AION, and 20% developed classical NA-AION
in a second, later episode after the resolution of the episode of incipient NA-AION.
Since the main feature of incipient NA-AION is
asymptomatic optic disc edema, naturally the question
arises: how to differentiate that from optic disc edema
due to other causes? Optic disc edema is seen in a whole
host of conditions, for example, unilateral optic disc
edema in eyes with central retinal vein occlusion, ocular
hypotony, posterior uveitis, optic neuritis, optic disc vasculitis [65, 100], neuroretinitis, vitreous traction syndrome, orbital compressive lesions, Leber’s hereditary
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optic neuropathy, pseudopapilledema, optic nerve infiltrative lesion, and sometimes with raised intracranial
pressure. The most common cause of bilateral optic disc
edema is raised intracranial pressure, and less often
malignant arterial hypertension [101] or any one of the
aforementioned causes of unilateral optic disc edema. In
some of the above mentioned conditions, optic disc
edema is almost always associated with visual loss, e.g.,
in optic neuritis, neuroretinitis, and Leber’s hereditary
optic neuropathy. The differential diagnosis of other
causes of asymptomatic optic disc edema from incipient
NA-AION is relatively easy. Central retinal vein occlusion always has markedly engorged retinal veins and retinal hemorrhages, especially in the periphery, at the time
of associated optic disc edema. In ocular hypotony the
intraocular pressure is always very low and there is often
associated macular edema. Posterior uveitis eyes have
cells in the vitreous and may also have low intraocular
pressure. Optic disc vasculitis [100] eyes, in addition to
optic disc edema, often have visual symptoms due to
marked enlargement of the blind spot, cells in the vitreous, peripapillary hemorrhages, retinal venous engorgement and other findings. In eyes with compression of the
retrobulbar optic nerve, in addition to optic disc edema,
there are choroidal folds and other evidence of orbital
mass, e.g., proptosis. Raised intracranial pressure usually
causes bilateral optic disc edema, although that can
sometimes initially be unilateral or asymmetric, and is
almost invariably associated with systemic and neurologic signs and symptoms. Similarly, malignant arterial
hypertension is associated with not only markedly elevated blood pressure but also other hypertensive fundus
changes [101] and systemic symptoms. Thus, with complete ocular, orbital, neurologic and systemic evaluations,
one can usually differentiate these possibilities from
incipient AION. The presence of (a) classical NA-AION
in the fellow eye, or (b) progression of incipient NA-AION
to classical NA-AION, or (c) development of classical
NA-AION later on in that eye provides firm evidence. In
my original paper in 1981 [56], I concluded that: “In the
differential diagnosis of symptomless optic disc edema
seen in the elderly and diabetic middle-aged persons,
AION (incipient NA-AION) must be borne in mind as a
strong possibility if intracranial, orbital, and ocular and
hematologic and systemic diseases are ruled out.”
Axoplasmic flow stasis is the common pathway for
the development of optic disc edema in a variety of conditions [71, 102, 103]. Ischemia of the axons is known
to produce axoplasmic flow stasis [103, 104], and that
has been demonstrated in AION [104]. Axoplasmic

flow itself is not concerned with transmission of a visual
impulse [105] – the two are independent processes.
This is very well demonstrated by optic disc edema in
raised intracranial pressure, which, though due to axoplasmic flow stasis [102], is not accompanied by any
detectable axonal dysfunction per se. There are other
similar examples of optic disc edema due to axoplasmic
flow stasis without any visual dysfunction.
Pathogenesis of incipient NA-AION, is discussed
in Chap. 15.

Progression of Incipient NA-AION
to Classical NA-AION
As mentioned above, incipient NA-AION most likely
represents the earliest clinical stage in the evolution of
classical NA-AION. In my initial study in 1981, I [58]
reported progression in two of four patients with incipient NA-AION after 7 and 12 weeks respectively. I was
able to find in the literature reports of seven more similar cases [32, 64, 98, 99], who progressed after 3 days
(one case) [99], 2 weeks (one) [32], 4–6 weeks (four)
[98], and “at a later date” (one) [64]. Almog and
Goldstein [106] described 23 patients aged 47–74 years
with asymptomatic disc edema; nine of their patients
progressed to classical NA-AION after 16.8 weeks
(range 2–80 weeks). The conversion rate to NA-AION
was 40% in patients who had had NA-AION in the fellow eye, 31% in patients with diabetes, and 43% in
patients with diabetic retinopathy.
The pathogenesis of progression of incipient
NA-AION to classical NA-AION is discussed in Chap. 15.
Based on the evidence of our study [60] and other
studies, I believe that all NA-AION patients start with
asymptomatic optic disc edema. Normally they are seen
only when they progress to classical NA-AION with
visual loss, unless they happen by chance to be examined (as in case 1 above) and the incipient AION is discovered incidentally. From the clinical point of view, it
is important to answer the following two questions:

Is Every Eye with Incipient NA-AION Doomed
to Visual Loss?
Our study [60] showed that 25% progressed to classical
NA-AION and 20% developed classical NA-AION
later on, after the resolution of incipient NA-AION.
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The ipsilateral recurrence rate of NA-AION in these
eyes was much higher than that seen in classical
NA-ION (20% versus 6.4% [78]). In the rest there was
no subjectively or objectively detectable visual loss (on
visual acuity testing and perimetry). However, there is
always the possibility of some subthreshold loss of
nerve fibers in the optic nerve, as ordinary visual testing
(i.e., visual acuity and perimetry) is not capable of ruling it out, as has recently been demonstrated by OCT
and GDX studies in NA-AION by Dr. Randy Kardon
discussed above [46]. Therefore, from the practical
point of view, not all patients with incipient NA-AION
are necessarily doomed to visual loss. On the other
hand, patients with incipient NA-AION who recover
completely appear to be at higher risk for the development of symptomatic NA-AION at a later date, compared with the risk of recurrent NA-AION after an
attack of symptomatic NA-AION [78]. This increased
risk may be due to fewer (if any) optic nerve axons
being destroyed during the attack of incipient
NA-AION, thus resulting in continued crowding of
nerve fibers in the optic nerve head and/or persistence
of other predisposing risk factors in the multifactorial
scenario.

nerve head. In such circumstances, some secondary
factors predispose it to conversion to classical
NA-AION with visual loss. The potential secondary
risk factors so far known are: (1) absence of optic
disc cup [13, 14, 60] (its role is discussed in Chap.
14), and (2) importantly nocturnal arterial hypotension [9, 15, 83] (its role is discussed in Chap. 14). Of
these two factors, the only one we can sometimes
control is prevention of nocturnal arterial hypotension (which usually acts as the “last straw” in the
scenario [7]); so it must be controlled wherever possible. Management of incipient NA-AION is discussed in Chap. 17.

What are the Potential Risk Factors which
may Predispose Incipient NA-AION to Progress
to Classical NA-AION?

Special Types of NA-AION

In other words, what can we do in such cases to prevent their progressing to classical NA-AION? As
discussed in Chap. 14, NA-AION is due to deranged
blood flow in the optic nerve head, and the latter is
influenced by multiple factors (discussed in Chap. 5)
[107, 108]. Unfortunately, we do not currently have
the means to evaluate many of those risk factors, as
discussed elsewhere [109] (see Chap. 14); for example, abnormalities in the autoregulation of optic
nerve head blood flow and endothelial derived vasoactive agents play an important role in causing
deranged blood flow in the optic nerve head, but we
cannot evaluate or manage them. This is the dilemma
in the management of NA-AION. The only thing we
know is that incipient NA-ION results from the various risk factors producing hypoxia → swollen axons
from axoplasmic flow stasis → asymptomatic optic
disc edema. By definition, in incipient NA-AION,
swollen nerve fibers are not destroyed, but they only
cause compression of the capillaries in the optic

Misconceptions About Incipient NA-AION
Since this entity is more common in diabetics than nondiabetics, it has often been misdiagnosed as “diabetic
papillopathy” or even “proliferative diabetic retinopathy” and treated with panretinal photocoagulation
which is not indicated and can be harmful [60, 72].

Familial NA-AION
NA-AION almost invariably occurs in an apparently random, sporadic fashion; however, there have been five
reports which identified the disease in more than one
member of a family in ten unrelated families [110–114].
It is essential to find out if clinical features of familial
NA-AION are similar or different in any way from the
classical NA-AION.

Clinical Features of Familial NA-AION
Gender
The gender pattern in the reported cases was as follows.
Berggren et al. [110] in one family with NA-AION had
one male and two females. In the series of Wang et al.
[112]., six of the nine patients were males. Manor [111]
reported NA-AION in identical female twins. In our
series [114], of 17 patients, there were 14 males and
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three females (Figs. 15.3a–c in Chap. 15). Thus, of these
31 patients with familial NA-AION, there were 21 males
(67%) and ten females (33%). In classical NA-AION, in
one study of 624 consecutive patients with NA-AION,
the ratio was 59% males versus 41% females [4] and in
another study [6] 58% versus 42% respectively. Thus
there seems to be no significant gender difference among
the familial and non-familial NA-AION.

Incidence of Familial NA-AION Among
NA-AION Patients
In my Ocular Vascular Clinic at the University of Iowa
since 1973, I have seen about 1,350 patients with
NA-AION. During that period, only two families were
found to have more than one member affected with
NA-AION. This shows that the incidence of familial
NA-AION is extremely rare.

Age of Onset
In the reported cases it was as follows: Berggren et al.’s
[110] patients were 53, 54 and 58 years old, and Manor’s
[111] identical twins developed NA-AION at 45 and
49 years respectively. In the series of Wang et al. [112]
age range was 32–81 (mean ± SD 55.0 ± 14.9) years, with
55% occurring before the age of 60 years. Among all the
patients in the three families in our series [114], age
range was 28–67 (mean 47.3 ± 8.6) years. In 624 consecutive patients with classical non-familial NA-AION,
the age range at onset of NA-AION was between 11 and
91 (mean 60.1 ± 13.6) years, with 11% below 45 years,
49% aged 45–64 years, and 40% ³ 65 years [4]. Thus, the
average age of onset of familial NA-AION is younger
than that seen in classical non-familial NA-AION.

NA-AION and Phosphodiesterase-5
(PDE5) Inhibitors
Since 1998, phosphodiesterase type 5 (PDE5) inhibitors
have been used extensively for the treatment of erectile
dysfunction. These agents include sildenafil (Viagra,
Pfizer), vardenafil (Levitra, Bayer AG), and tadalafil
(Cialis, Lilly-ICOS LLC). Development of NA-AION
has been reported following the use of these drugs [115,
116] – mostly Viagra. This has attracted a good deal of
interest and has become an important and controversial
topic – a detailed discussion is given in Chap. 15.
The clinical findings in NA-AION associated with
phosphodiesterase type 5 (PDE5) inhibitors use are no different from those seen in classical NA-AION [115, 116].

Bilaterality of NA-AION
In all the three patients of Berggren et al. [110] both eyes
were involved. Both twins seen by Manor [111] had
bilateral NA-AION. Wang et al. [112] reported bilateral
NA-AION in 67% of their nine patients. In our series
[114], eight of the 17 (47%) patients with familial
NA-AION had bilateral involvement. Bilateral involvement in classical non-familial NA-AION, by contrast, is
much lower (25% within 3 years [75], and 19% [76] and
14.7% [77] within 5 years). The time interval between
the involvement of two eyes, in our series [114], when
known (in five patients), varied from 5 days to 15 years.

Ophthalmic Clinical Findings
These findings showed that all patients with familial
NA-AION, like the classical non-familial NA-AION,
had the typical mode of onset of visual loss symptoms
[7], visual field defects [17], and others signs and clinical findings of classical non-familial NA-AION discussed above.

Amiodarone and NA-AION
Amiodarone is used for cardiac arrhythmias. A large
number of reports dealing with ocular side-effects of
amiodarone have been published, one of which has been
described as “amiodarone-related optic neuropathy”
since 1987 [117–121]. Most patients using amiodarone
do not develop visual symptoms. I have seen many
patients on amiodarone with and without ophthalmic
problems. Amiodarone keratopathy is a well-known
complication of amiodarone which can cause visual
halos, glare or mildly blurred vision. My experience of
dealing with patients who developed optic neuropathy
while on amiodarone indicates that so-called “amiodarone induced optic neuropathy” is simply NA-AION,
unrelated to amiodarone; the reasons for this conclusion
are discussed elsewhere [122] (see Chap. 15). Most
importantly, the clinical features of the optic neuropathy
in patients taking amiodarone are typical of NA-AION.
Some of them initially develop asymptomatic optic disc
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edema which may later progress to visual loss but not
always, as is the case with incipient NA-AION [60]. In
the multifactorial scenario of NA-AION, it is the systemic cardiovascular risk factors rather than amiodarone
that cause NA-AION. Some ophthalmologists have
advocated discontinuation of amiodarone use in patients
with cardiac arrhythmias when optic neuropathy develops, under the misconception that amiodarone causes
optic neuropathy. However, since there is no cause-andeffect relationship between optic neuropathy and amiodarone, and amiodarone is a well-established treatment
for severe cardiac arrhythmias, there is no justification
for that recommendation.
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On examination in my Clinic that day, the visual acuity was bare light perception without projection in the left
eye and 20/20 in the right eye. On plotting the visual
fields with a Goldmann perimeter, in the left eye a small
island of field was seen in the inferior temporal peripheral region with V-4e isopter only, and the visual field in
the right eye was perfectly normal. The intraocular pressure was 15 and 10 mmHg in the right and left eye respectively. The left fundus showed the optic disc markedly
swollen and hyperemic, with no other abnormality
(Fig. 16.31a). Right fundus was normal except for a small
cotton-wool spot about a disc diameter superotemporal

a

Posthemorrhagic Amaurosis
In this clinical entity, there is a visual loss following
distant recurrent or massive systemic hemorrhages,
from a variety of medical conditions, e.g., uterine
bleeding, gastro-intestinal bleeding, hemoptysis,
epistaxis or repeated venesection, often recurrent in
nature. Its pathogenesis is discussed elsewhere [123]
and in Chap. 15.
During recent years, a consensus has emerged that
it is due to ischemia of the optic nerve head; that is, it
represents NA-AION. The following three examples
demonstrate that very well.

Case 1
A 56-year-old white man developed perforation of a
peptic ulcer and was admitted to hospital with blood
pressure of 90/60 mmHg and hemoglobin 6.4 g/dL. He
required 15 units of blood transfusion preoperatively
and following that his blood pressure was 130/70 mmHg
and hemoglobin 16.3 g/dL. He had partial gastrectomy
performed next day. Five day after that, his hemoglobin was 12.9 g/dL and he was maintaining a blood
pressure of 110–130 mmHg systolic and 70–80 mmHg
diastolic. His 4 a.m. blood pressure every day was lowest, being about 110/65 mmHg. Four days later (i.e.,
10 days after the initial visit), he woke up with a shadow
in the lower half of the visual field of the left eye. At 4
a.m. and 8 a.m., while in the hospital, his blood pressure was 110–120/60–70 mmHg. Two days after that,
he woke up with a marked loss of vision. At 4 a.m. that
morning his blood pressure was 110/60 mmHg.

b

Fig. 16.31 Fundus photographs of case 1. (a) On the day he lost
vision in the left eye, there is marked optic disc edema. (b) Five
weeks after that, it shows optic atrophy
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to the disc. Hematologic examination that day revealed
hemoglobin of 12.6 g/dL, hematocrit 38%, platelets
444,000/cm, with no other abnormality. The patient was
followed by me periodically as an outpatient. Five weeks
later the left disc became atrophic (Fig. 16.31b). When
last seen 2 years later, the right eye was normal and the
left eye had bare light perception with optic atrophy.

a

Case 2
A 59-year-old white man, with a history of recurrent
bleeding peptic ulcer for 35 years, one day developed
black stools during the night and woke up with blurred
vision in the superior nasal quadrant of the left eye. His
blood pressure that day was 128/82 mmHg. Next day,
he noticed further worsening of the visual field defect
in the left eye. He was admitted to his local hospital
that day for management of recently developed black
stools, blood loss and anemia. His blood pressure was
128/78 mmHg at the time of admission. He had hemoglobin of 7.7 g/dL which within a few hours dropped
to 6.6 g/dL. He was transfused with 4 units of packed
red blood cells which brought his hemoglobin to
11.0 g/dL soon after that and 13.2 g/dL 2 days later.
Frequent monitoring of his blood pressure showed that
while during the day it was about 130/70 mmHg, during the night it dropped to a fairly low level, being
94/60 mmHg at 3–4 a.m. He had been discovered to be
diabetic about 6 months earlier and was well controlled
with oral antidiabetic therapy.
He was seen by his local ophthalmologist the day
after the onset of blurred vision in his left eye, when the
visual acuity was 20/30 in the left eye with optic disc
edema while the right eye showed no abnormality. He
was seen in my clinic 3 days after that. At that time, the
visual acuity was 20/20 in both eyes. On plotting the
visual fields with a Goldmann perimeter, the right eye
showed no visual field defect but the left eye showed a
markedly constricted field with loss of nasal half of the
field with all the isopters. The right fundus showed moderate optic disc edema, involving 2/3 of the disc in the
superior nasal area, with no other abnormality. The left
fundus showed marked optic disc edema with a cotton–
wool spot (arrow) (Fig. 16.32a). Fluorescein fundus
angiography of the left eye revealed delayed and patchy
choroidal and optic disc filling, with late staining of both
optic discs – involving the entire disc in the left eye and
mostly 3/4 of the right disc in the superonasal region.

b

Fig. 16.32 Fundus photographs of case 2. (a) Three days after
the loss of vision in the left eye, shows marked optic disc edema
and a cotton–wool spot (arrow). (b) Five weeks after that, shows
optic atrophy

The patient continued to have progressive deterioration of vision and visual fields in both eyes. The left
eye, 2 weeks after the initial visit showed markedly
constricted visual fields so that with I-2e only paracentral 6° field was present and with V-4e only 25° field
was present, with a visual acuity of 20/60. In another
week it deteriorated to 20/200 and only 10° field temporal to fixation was recorded with V-4e only. One
month later, the visual acuity in the left eye was 20/300
and 5° temporal island field with V-4e only. Two weeks
after that, the left disc showed generalized marked pallor with no edema (Fig. 16.32b).
The right eye, 1 week after the initial visit to my
clinic, developed a temporal defect with I-2e and I-4e
although the visual acuity had remained 20/20 centrally. Two weeks later the right disc looked almost
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normal. Eleven weeks after his initial visit, the visual
acuity was 20/20 in the right and 20/400 in the left,
with only a tiny island of visual field in the inferior
temporal region in the left eye and stable visual field in
the right eye. Fundus examination revealed optic atrophy in the left eye and normal-looking disc in the right.
Detailed neurologic, systemic and cardiovascular evaluation revealed no other abnormality.
At last examination 15 months after the initial visit,
the visual acuity in the left eye had deteriorated to hand
motion only and no visual field could be plotted. The
patient was still having recurrent gastrointestinal
bleeding; the last episode had occurred a month before.
The right eye showed no change.
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Case 3
A 57-year-old white man, at 3 a.m. started to have
black stools. He was admitted to the hospital at 11 a.m.
next day. At the time of admission, his blood pressure
was 124/64 mmHg and his hemoglobin level 8 g/dL.
He had 700 mL of blood transfusion which raised the
hemoglobin that day to 11.1 g/dL, hematocrit 33%,
and platelet count 323,000/mm3. He was found to have
multiple duodenal ulcers. He was discharged from the
hospital after 4 days. Two days after that, in the morning when he woke up he noticed blurred vision in the
inferior part of the visual field of the left eye. It gradually progressed over the following days to involve the
superior field, so that 4 days later the vision was blurred
all over the left eye. He saw his local ophthalmologist
that day who found his visual acuity in the left eye only
count fingers, marked relative afferent pupillary defect,
a temporal island of visual field, and marked optic disc
edema in that eye; he gave a retrobulbar injection of
depot corticosteroids but that did not improve the
vision.
He was referred to my clinic 6 days after that. At
that time his visual acuity was counting fingers at about
6 ft eccentrically in a temporal island. Visual field plotting with a Goldmann perimeter showed the loss of
central and entire nasal half field of vision; the patient
could see I-4e in the temporal field, from the blind spot
temporally in the left eye, and normal fields in the right
eye. The intraocular pressure was 20 and 19 mmHg in
the right and left eye respectively. The left fundus
showed optic disc edema (Fig. 16.33a), and the right
fundus was normal. Fluorescein fundus angiography

b

Fig. 16.33 Fundus photographs of case 3. (a) Ten days after the
onset of visual loss in the left eye, shows marked optic disc
edema. (b) Five weeks after that, shows optic atrophy

revealed sluggish choroidal circulation and late disc
staining. That day his hemoglobin was 13.0 g/dL,
hematocrit 39% and platelet count 429,000/mm3. He
was found to have no other hematologic or cardiovascular abnormality. He was seen again 5 weeks later,
when there was no change in his visual status. The left
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optic disc had developed generalized pallor with no
edema (Fig. 16.33b). When last seen 3 months after
that, the left eye showed no further change and the
right eye was normal.
Conclusion: These examples show that these cases
have the classical presentation, findings and course
seen in NA-AION, i.e., discovering visual loss on waking up in the morning, initially optic disc edema and
optic nerve related visual field defects, and optic disc
edema resolving in about 2 months followed by optic
atrophy. As discussed in Chap. 15, there is a time lag
between the development of initial hemorrhages accompanied by low hemoglobin, hematocrit and blood pressure and the onset of NA-AION in this clinical entity.

Misconceptions About NA-AION
The subject of NA-AION is plagued with multiple misconceptions, resulting in controversy, confusion and
misdiagnosis. Following are the major misconceptions.
1. “That NA-AION and cerebral stroke are similar in
nature.”
As discussed in Chap. 14, cerebral stroke is a thromboembolic disorder whereas NA-AION is primarily
a hypotensive disorder.
2. “That NA-AION is due to occlusion of the PCA.”
As discussed in Chap. 14, there is no actual occlusion of the PCA in NA-AION but only transient
hypoperfusion or non-perfusion of the vessels in the
optic nerve head in the vast majority of these eyes.
3. “That absence of optic disc cup is the main cause of
development of NA-AION.”
As discussed in Chap. 14, an absent or small cup is simply a secondary contributing factor, once the process of
NA-AION has started, and not a primary factor.
4. “That there is no spontaneous visual improvement
in NA-AION.”
Two large prospective natural history studies have
shown that visual acuity improves spontaneously in
41%–43% of the eyes [23, 24].
5. “That NA-AION is not seen in young persons.”
As discussed above, studies [3, 4, 6] based on large
cohorts of NA-AION patients have disproved this
myth.

6.	“That all eyes with NA-AION initially have pale
optic disc edema.”
As discussed above, disc pallor actually starts to
develop only 2–3 weeks after the onset of visual
loss; before that there is no pale optic disc
edema.
7.	“That inferior altitudinal defect is the classical
diagnostic visual field defect in NA-AION.”
As discussed above, a study [17] of 312 NA-AION
eyes showed that inferior nasal field defect is the
most common defect.
8.	“That all eyes with NA-AION have poor visual
acuity at onset.”
In a combined cohort of 500 consecutive NA-AION
eyes in our two studies [22, 24], when patients
were seen within 2 weeks after the onset of visual
loss, initial visual acuity was 20/20–20/25 in 33%,
better than 20/40 in 51%. Preechawat et al. [6] in
a study of 727 NA-AION consecutive patients,
found that visual acuity was 20/40 or better in
59%,
9.	“That steroid therapy has no role in the management of NA-AION.”
In our study [22] (as discussed in Chap. 17) of 696
NA-AION eyes (364 treated versus 332 controls) the
treated group showed significantly more visual acuity improvement than the control group (70% versus
41% in eyes seen within 2 weeks of onset of
NA-AION).
10.	“That smoking is a risk factor for development of
NA-AION.”
Two large prospective studies have shown that this
is not true [4, 77].
11.	“That aspirin reduces the risk of second eye
involvement by NA-AION.”
Two large studies have disproved this belief [76,
77].
12.	“That all patients with NA-AION should be investigated for thrombophilia.”
As discussed in Chap. 14, NA-AION is not a
thromboembolic disorder in the vast majority of
cases. Therefore, there is little justification to investigate all NA-AION patients for thrombophilia.
13.	“That the pathogenesis of NA-AION is not
known.”
As discussed in Chap. 14, the pathogenesis of
NA-AION is complex but is not unknown.
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Management of Non-arteritic Anterior
Ischemic Optic Neuropathy

Non-arteritic anterior ischemic optic neuropathy
(NA-AION) is a major cause of seriously impaired
vision among the middle-aged and elderly population;
in addition, contrary to popular belief, it also occurs in
young persons, though less commonly. Nevertheless,
almost all publications on NA-AION contain the
following two statements:
1. “The pathogenesis of NA-AION is unknown.”
2. “There is no known treatment for NA-AION.”
Given the current state of our knowledge of NA-AION,
both statements are wrong. The pathogenesis of
NA-AION is discussed at length in Chap. 14, which
concludes “the pathogenesis of NA-AION is complex
but not, as often stated, unknown.”
The management of NA-AION has been highly controversial. Various treatments have been advocated
from time to time [1], but were found to be useless and
even, in some cases, harmful. To evaluate the validity of
any treatment, there are two essential considerations:
1.	It must have a scientific rationale; any treatment
without that, irrespective of how much enthusiasm
it generates, and how attractive it may seem, will
not actually work, as was demonstrated by the saga
of optic nerve sheath decompression in NA-AION
(as discussed below).
2. The treatment of a disease must arise from a full
understanding of its pathogenesis. The following is
a discussion of the main treatments for NA-AION
which have been advocated during the recent past.

Optic Nerve Sheath Decompression
I have decided to give a detailed historical review of this
particular treatment method because its story is highly
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instructive and educational for a proper perspective on
many such treatments, which gain wide popularity but are
finally found to be harmful. I am aware that some may
disagree with my giving all this detailed historical information about a method of treatment which has been
proven to be not only of no benefit but harmful, and abandoned. It is that very fact which makes it instructive to
consider this procedure in detail, to stress the point that a
treatment without a scientific rationale, in spite of wide
popularity, may finally prove harmful for the reasons discussed in this historical review.
Sergott et al. [2] first published an account of optic
nerve sheath decompression in NA-AION in 1989. They
performed optic nerve sheath decompression in 14
NA-AION eyes with progressive visual loss and three
eyes with nonprogressive visual loss. They claimed that
“Optic nerve sheath decompression surgery improved
visual function for 12 of 14 patients with progressive
nonarteritic ischemic optic neuropathy (NAION). Visual
recovery was maintained in all patients during a followup period of 6–18 months (average, 11 months). Seven
patients had experienced a previous NAION in the eye
that was not operated on that did not improve spontaneously. Surprisingly, 2 of these 7 eyes with long-standing
decreased vision demonstrated some visual improvement after surgery on the contralateral, acutely affected
eye. Spontaneous visual improvement did not occur in
an age- and sex-matched control group of 12 patients
with similar entry-level visual acuity and field loss. Only
1 of 3 patients with sudden, nonprogressive visual loss
secondary to NAION improved after surgery. In a control group with nonprogressive NAION, 2 of 15 eyes (14
patients) demonstrated spontaneous improvement.”
They concluded: “Optic nerve sheath decompression
improves visual loss due to progressive NAION, a disorder without any previously effective therapy.” Because
of this conclusion, the paper was published on an
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expedited basis in the Archives of Ophthalmology, so
that this new means of treatment for NA-AION was
immediately available to the ophthalmic community.
On reading the paper, based on my studies dealing
with various basic aspects of NA-AION, I felt that
optic nerve sheath decompression had no scientific
rationale in NA-AION and could be harmful, and I
wrote a letter to that effect to the editor of the Archives
of Ophthalmology [3]. I reproduce here the whole
original text of that letter [3], because it deals with the
reasons why I concluded that decompression had no
scientific rationale, and also with several other controversial aspects of NA-AION.
Following is the original text of that letter to the
Editor [3]:
“I was very interested to read the expedited publication in the December 1989 issue of the ARCHIVES
by Sergott et al. [2] claiming that surgical optic nerve
sheath decompression improved visual function in
patients with “progressive” nonarteritic anterior ischemic optic neuropathy (NA-AION). They hypothesized that in NA-AION, “progressive visual loss after
the initial ischemic event could be due to interference
with rapid axoplasmic transport produced by CSF
[cerebrospinal fluid] pressure within the anatomically restricted confines of the perineural optic nerve
space. Drainage of the CSF might allow recovery of
fast axoplasmic transport with subsequent improvement in vision.” This theory raises some very important issues that need comment before they are
accepted as scientifically valid concepts.
My comments are based on the following: (1)
my prospective studies on NA-AION in more than
600 patients; (2) my studies of the blood supply of
the optic nerve head for the past 35 years; (3)
experimental and clinical studies on the pathogenesis of AlON (20 years), and the pathogenesis of
optic disc edema in raised intracranial pressure
and other conditions (30 years); (4) studies of the
role of axoplasmic flow in optic disc edema due to
various causes as well as in acute ocular hypertension; and (5) experimental studies on decompression
of the optic nerve sheath in optic disc edema due
to raised intracranial pressure [4]. Based on this
wide experience, I raise the following questions
about the hypothesis of Sergott et al. [2].
In NA-AION, is the visual loss due to blockage of
the axoplasmic flow? Optic disc edema in raised

intracranial pressure is due to axoplasmic flow stasis [5]. Optic disc edema due to intracranial hypertension, even of a very severe degree, does not by
itself cause visual dysfunction. When visual dysfunction is seen in these cases, it is secondary to
ischemic changes [6]; an eye with optic disc edema
blacks out briefly when the blood pressure drops.
This is further evidence that the mechanism is ischemia. Axoplasmic flow plays no role in the conduction of nerve impulses. Thus, there is not a shred of
evidence that axoplasmic flow stasis in optic disc
edema per se causes any clinically detectable visual
loss. The visual loss in AlON is due to ischemia of
the nerve fibers and not to axoplasmic flow stasis.
Can normal CSF pressure with normal intraocular
pressure produce axoplasmic flow stasis and optic disc
edema? We have no evidence for this. The authors’
statement that “drainage of the CSF might allow
recovery of fast axoplasmic transport, with subsequent
improvement of vision” has no scientific basis.
Axoplasmic flow stasis in NA-AION is due to ischemia and is in no way related to the CSF pressure.
Thorough neurologic investigation, including
CSF pressure measurement, of patients with
NA-AION reveals no such abnormality. While it is
true that swollen axons (due to axoplasmic flow stasis from any cause) in the restricted space in the
optic disc may develop secondary capillary vascular changes and ischemia, resulting in further ischemic damage, the important factor to combat is the
primary cause of axoplasmic flow stasis, which in
NA-AION is ischemia and not CSF pressure. The
authors further added, “If the initial event in progressive NAION [NA-AION] is indeed secondary
to an ischemic, vaso-occlusive process, optic nerve
sheath decompression may be effective because it
decreases the perineural pressure exerted by the
CSF. This pressure under normal circumstances
may not interfere with optic nerve blood flow; however, in progressive NAION this subdural CSF
might produce additional compromise of vascular
perfusion and impair axoplasmic transport.” This
statement is simply not supported by the basic
hemodynamics of the optic nerve head.
Decompression of the sheath of the optic nerve cannot influence ischemia of the optic disc in NA-AION
because the optic disc is for the most part supplied
by the peripapillary choroid. Our fluorescein fundus angiographic studies, in more than 500 patients

Optic Nerve Sheath Decompression

seen during the very early stages of acute NA-AION,
have overwhelmingly shown peripapillary choroidal filling defects. Thus, the authors’ statement that
“optic nerve sheath decompression represents a
rational neurophysiologic approach” in NA-AION
has no scientific validity.
What does a “distended” optic nerve sheath represent? The authors stated, “At surgery, the optic nerve
sheaths were distended, similar in appearance to the
nerve sheath we have observed in pseudotumor cerebri
Incision of the retrobulbar meningeal sheath resulted in
the release of a considerable amount of clear CSF such
as observed with pseudotumor cerebri. Incisions into
multiple areas of the nerve sheath and lysis of presumed
arachnoidal adhesions within the subdural space
resulted in additional CSF drainage, similar to the operative findings associated with chronic papilledema
caused by pseudotumor cerebri.” I studied the normal
anatomy of the optic nerve sheath in 80 human subjects
[7] and also in vivo in more than 200 normal rhesus
monkeys. I found that just behind the globe the sheath is
normally bulbous and much larger in diameter than the
retrobulbar optic nerve. Since the dural sheath is made
up of collagen tissue and not of elastic tissue it cannot
“distend abnormally” at a level of CSF pressure compatible with life. The arachnoidal adhesions are a common normal finding. The amount of CSF released on
incision of the retrobulbar part of the sheath depends on
the capacity of the bulbous part of the sheath and on the
extent of communication between the sheath and the
intracranial subarachnoid space through the optic canal
region, which is highly variable [7]. Thus, the authors
have described as abnormal perfectly normal findings
on the retrobulbar part of the sheath of the optic nerve.
What is the natural history of visual loss in
NA-AION? There is no doubt that there is a progressive form of NA-AION, but it is quite unusual; the
incidence in our prospective series is far lower than
that cited by Sergott et al. [2]. We have seen spontaneous improvement of vision of the type claimed by
the authors in some cases, without any treatment.
Over the years, we have given the option of systemic
corticosteroid therapy to these patients; some of the
treated patients improved, a few from finger counting visual acuity and marked visual field defects to
20/40 or better, with almost normal visual fields. The
statement by Sergott et al. [2] that patients showing
beneficial influence of corticosteroid therapy in my
previous study [8] “could have had diabetic
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papillopathy” is totally erroneous, and their claim
that AION in diabetic patients is an “often self-limited condition” with visual recovery is contradicted
by our large prospective study on the subject. Sergott
et al. [2] after surgery, reported visual improvement
in two patients in the contralateral eye with longstanding decreased vision due to NA-AION and
attributed it once again to “a decreased perineural
CSF pressure around the previously damaged optic
nerve which had not been operated on.” As discussed
above, the assumption that perineural CSF pressure
has anything to do with the visual loss in NA-AION
is entirely mistaken. I have seen similar visual recovery without any treatment whatsoever. Thus, the
natural history of NA-AION is more variable than is
generally thought; a few patients progress and a few
spontaneously recover some vision. The authors may
contend that they had a group of control cases in
their series, but their sample size is far too small,
both in the treated and control groups, to give accurate information, and, as the authors pointed out, the
study was neither randomized nor double-masked.
There is another confounding factor that one must
keep in mind when recording visual acuity and visual
fields – patients show a certain learning curve so that
the first visual acuity and visual fields may not be
representative of the actual visual loss in all patients.
Variability of visual functions on repeated testing in
NA-AION is a not uncommon finding.
Thus, I have serious reservations about the claims
of Sergott et al. [2] and I find no scientific basis for
the hypothesis they put forward to explain their
claim. My biggest concern, however, is that the
authors may have unwittingly and with the best of
intentions opened a Pandora’s box with this publication for these reasons: (1) NA-AION is a very common disease in middle-aged and elderly people. (2)
Patients who have suffered a dramatic visual loss
are desperate people who will try anything, and are
therefore most vulnerable. New surgical procedures
always have a special glamour, and many patients
with AION will happily submit themselves to such
procedures, whether their visual loss is progressive
or not. (3) Surgical decompression of the sheath of
the optic nerve is not altogether a benign procedure;
in addition to complications associated with general
anesthesia, serious blinding complications are possible, especially in patients with AION who are particularly vulnerable to further ocular ischemic
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disorders. (4) We know that surgical procedures are
a very lucrative business. The combination of all
these factors, added to the understandable enthusiasm of even honest ophthalmologists to undertake a
new procedure, could create a serious ethical problem. Although Sergott et al. [2] have stressed that
surgical decompression of the sheath should be
“considered only for that small group of patients
with progressive visual loss,” I fear that proviso will
be quickly forgotten, as ethics and caution are
pushed aside by expediency and fashion.”
Heidemann and Kaufman [9] also questioned the validity of axoplasmic flow playing any role in optic nerve
sheath decompression, as postulated by Sergott et al.
[2]. They shared my misgivings about the beneficial
effects of optic nerve sheath decompression claimed
by Sergott et al. [2].
Since that time more definite information has emerged,
based on large studies, about the following statements
that I made in my original letter to the editor.
1. “We have seen spontaneous improvement of vision of
the type claimed by the authors in some cases, without any treatment.” The two large prospective studies
[10, 11] have now shown that there is a spontaneous
visual acuity improvement in 41–43% of cases.
2. “Over the years, we have given the option of systemic corticosteroid therapy to these patients; some
of the treated patients improved”. Our study [12] on
a large cohort of NA-AION patients, discussed
below at length, has shown that there is a significant
visual acuity (p = 0.001) and visual field (p = 0.005)
improvement with systemic corticosteroid therapy.
3. “Their claim that AION in diabetic patients is an
“often self-limited condition” with visual recovery
is contradicted by our large prospective study on the
subject.” Recent studies [13, 14] have confirmed
that statement.
This letter was not well-received by the neuro-ophthalmology community nor by the surgeons who wanted to
do optic nerve sheath decompression, who all believed
that this was a definitive treatment for NA-AION – a
disease which had no other known treatment at that time.
I was blamed for denying this apparently hopeful treatment to these desperate patients who had lost vision.
Later, Sergott and colleagues [15], based on their
retrobulbar circulation study (using the color Doppler

imaging technique) in 25 patients after optic nerve
sheath decompression with progressive NA-AION,
presented a paper at the annual meeting of the American
Academy of Ophthalmology, concluding that: “These
data demonstrate that eyes with acute NAION have
impaired blood flow when compared with the contralateral control group. Furthermore, they suggest that
ONSD may improve blood flow to the ischemic optic
nerve halting the progression of visual loss and in some
cases improving visual function.” I was asked by the
Academy to discuss this study at the meeting. An
expert in color Doppler imaging technique, was my
co-author (Dr. Kirk W. Beach); we found problems
with the interpretation of the data, and concluded that
their data did not support their conclusion [16].
Nevertheless, the procedure soon gained world-wide
favor not only in “progressive” but also in all types of
NA-AION. Others “jumped on the bandwagon”, claiming a beneficial effect of optic nerve sheath decompression also [17–20]. Manor [17] claimed improvement of
visual outcome by optic nerve decompression in one
eye. Kelman et al. [18] claimed that they did optic nerve
sheath decompression in seven patients with NA-AION
and “Visual acuity improved markedly in all patients”;
they concluded that their “experience supports the possible beneficial effect of optic nerve sheath decompression in patients with nonarteritic anterior ischemic
optic neuropathy.” Spoor et al. [19] similarly performed
optic nerve sheath decompression on four patients (five
eyes) with visual loss secondary to NA-AION. They
claimed that 4 of the 5 eyes had marked improvement
in visual function after the operation, and concluded
that “Optic nerve sheath decompression is an effective
treatment for patients with nonarteritic ischemic optic
neuropathy and progressive visual loss.” In another
study, these authors [20] did optic nerve sheath decompression in 23 patients with progressive NA-AION and
15 patients with nonprogressive NA-AION, and
claimed that “Optic nerve sheath decompression
improves visual acuity but has little effect on overall
visual function in patients with progressive NAION.”
In contrast to all the claims made for beneficial
effects of optic nerve sheath decompression, there followed a few studies, which did not find any beneficial
effect. For example, Jablons et al. [21] performed optic
nerve sheath fenestration in 26 eyes with progressive
NA-AION and failed “to substantiate the sanguine
visual outcome in recently reported series of patients
undergoing optic nerve sheath decompression.” Glaser

Aspirin

et al. [22] performed optic nerve sheath fenestration in
21 eyes with progressive NA-AION, and concluded
that “surgical procedures indicate no beneficial effect
on visual morbidity”. Yee et al. [23] performed optic
nerve sheath decompression in 18 eyes with progressive and nonprogressive NA-AION, and found no beneficial effect.
Finally, a multicenter, randomized, single-masked,
clinical trial [10] was conducted by the United States’
National Institutes of Health to assess the safety and
efficacy of optic nerve decompression surgery, compared with careful follow-up alone in patients with
NA-AION. The study began in October 1992, and was
terminated in October 1994, on the recommendation
of its Data and Safety Monitoring Committee. The
study included 244 patients with NA-AION, of whom
119 had optic nerve sheath decompression surgery and
125 had no surgery and a careful follow-up. The criteria to include patients in the study were a definite diagnosis of NA-AION, best-corrected visual acuity in the
affected eye of 20/64 or worse and duration of symptoms less than 14 days at the baseline examination in
persons aged 50 years or older. A comparison of visual
acuity between patients who had optic nerve sheath
decompression and those who did not have any surgery, showed that at 6 months 32.6% of the surgery
group improved compared with 42.7% of the careful
follow-up group. The odds ratio for three or more lines
better, adjusted for baseline visual acuity and diabetes,
was 0.74 (95% confidence interval [CI], 0.39–1.38).
There was a significantly greater risk of losing three or
more lines of vision at 6 months in patients who had
optic nerve sheath decompression (23.9%) compared
to those without any surgery (12.4%). The 6-month
adjusted odds ratio for three or more lines worse was
1.96 (95% CI, 0.87–4.41). There was no difference in
treatment effect between patients with progressive
NA-AION and all others. The study concluded that the
results “indicate that optic nerve decompression surgery for NAION is not effective, may be harmful, and
should be abandoned. The spontaneous improvement
rate is better than previously reported.”
Thus, this study confirmed what I had stated 5 years
earlier, based on my basic studies on NA-AION, that
optic nerve sheath decompression can be harmful in
NA-AION. Again for the rational management of a
disease, the first essential is to comprehend the basic
facts about its pathogenesis, because those provide
the scientific rationale for treatment. Lack of
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knowledge of these basic facts results in advocating
treatments which not only confer no benefit but may
even be harmful. Optic nerve sheath decompression in
NA-AION is a classical example of that. The controversy about my role in “debunking” optic nerve sheath
decompression still lingers on [24].

Aspirin
It is a common practice among ophthalmologists and
neurologists to advocate the use of aspirin (or occasionally, other anti-platelet-aggregating drugs) for patients
with NA-AION. This is because of the common perception among ophthalmologists and neurologists that
NA-AION and cerebral stroke are similar in nature
pathogenetically and in management. This has resulted
in major controversy on the pathogenesis and management of NA-AION. In view of this, the crucial question
is: “is NA-AION really a thromboembolic disorder in
the vast majority?” The answer to that lies in etiology
and pathogenesis of NA-AION. This is discussed elsewhere (see Chap. 14). NA-AION is usually a hypotensive disorder. I recently discussed in detail the role of
aspirin in NA-AION elsewhere [25]. The following
pieces of evidence further show that, unlike stroke,
NA-AION is usually not a thromboembolic disorder.
1. First and foremost, if NA-AION were a thromboembolic disorder, fluorescein fundus angiography during the early acute stage, at the onset of visual loss,
must invariably show evidence of complete occlusion of the posterior ciliary artery (Figs. 17.1 and
17.2; also see Figs. 3.24–3.26, 3.28–3.37 in Chap. 3),
which supplies the optic nerve head [27, 28]. My
practice has been to do fluorescein fundus angiography in all cases with fresh onset of NA-AION – more
than a thousand patients so far. Fluorescein fundus
angiography soon after the onset of NA-AION shows
only a delayed and slow filling of the peripapillary
choroid and/or choroidal watershed zones (mostly
due to atherosclerosis and/or arteriosclerotic changes
in the ocular and ophthalmic arteries) (Figs. 17.3 and
17.4; also see Figs. 3.39, 3.41, 3.45, 3.52, 3.54 and
3.57–3.59 in Chap. 3), but NO permanent occlusion
at all [27–29]. This provides definite proof that
NA-AION is not a thromboembolic occlusive
disorder.
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Fig. 17.1 Fluorescein fundus angiogram of right eye with arteritic AION, shows normal filling of the area supplied by the lateral PCA (including the temporal ¼ of the optic disc) but no
filling of the area supplied by the medial PCA (including the
nasal ¾ of the disc). (Reproduced from Hayreh [26])

Fig. 17.2 Fluorescein fundus angiogram of right eye with
embolic NA-AION and carotid artery disease (negative temporal artery biopsy for giant cell arteritis), showing normal filling
of the area supplied by the lateral PCA (including the temporal
half of optic disc), but no filling of the area supplied by the
medial PCA (including the nasal half of optic disc). (Reproduced
from Hayreh [27])

2. The severity and the duration of ischemia determine
the severity of ischemic optic nerve head damage,
and that in turn determines the extent of recovery of
visual function following the acute episode. In classical NA-AION, because there is only transient

Fig. 17.3 Fundus photograph (above) and fluorescein angiogram (below) of right eye with NA-AION. Fundus photograph
shows optic disc edema. Fluorescein angiogram at that time
showed non-filling of temporal part of the peripapillary choroid
and adjacent optic disc and of upper half of the choroidal watershed zone (arrows), with normal filling of the medial and lateral
posterior ciliary arteries. (Reproduced from Hayreh [27])

nonperfusion or hypoperfusion of the optic nerve
head circulation, usually occurring during sleep,
there is usually much less severe and less extensive
optic nerve head damage than in arteritic AION due
to giant cell arteritis, in which there is thrombotic

Aspirin
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a
3.

b

4.

5.
Fig. 17.4 Two fluorescein fundus angiograms at 6-s interval in
a patient with NA-AION. (a) During the retinal arterial phase of
the dye circulation (15 s after the injection of fluorescein), shows
no filling of the temporal, superior and inferior peripapillary
choroid and superior choroidal watershed zone (arrow), and the
optic disc, with normal filling of both the medial and lateral posterior ciliary arteries. (b) During the retinal arteriovenous phase
of the dye circulation (21 s after the injection of fluorescein),
there is complete filling of the peripapillary choroid (main
source of blood supply to the optic nerve head) and the watershed zone

occlusion of the posterior ciliary artery [27–29].
Two large studies [10, 11] have shown that about
40% of eyes with NA-AION show spontaneous
visual acuity improvement. In arteritic AION (with
complete occlusion of the posterior ciliary artery),
by contrast, no such visual improvement is seen
[30, 31]. Thrombotic or embolic occlusion of the
posterior ciliary artery due to causes other than

6.

giant cell arteritis would cause optic nerve head
damage similar to that seen in arteritic AION.
The beneficial effect of aspirin in cerebrovascular
accident (usually a thromboembolic disorder) is wellestablished. Two large studies [32, 33] have investigated the role of aspirin in NA-AION. In the first
[32], the role of aspirin was evaluated in a long-term,
comprehensive study in 431 patients with unilateral
NA-AION. That revealed no long-term benefit from
aspirin in reducing the risk of NA-AION in the fellow eye on a 5-year follow-up. Another prospective
study [33] of 173 patients with unilateral NA-AION,
found no association between regular aspirin use and
incidence of new NA-AION in the fellow eye on a
5-year follow-up. Thus, two comprehensive studies,
involving 604 patients with unilateral NA-AION and
a 5-year follow-up, showed no beneficial effect of
aspirin. This is not surprising since NA-AION is
NOT a thromboembolic but a hypotensive disorder
[28, 29, 34], and aspirin has no effect on the blood
pressure or nocturnal arterial hypotension.
There is a huge volume of literature showing a significant association between smoking and cerebrovascular accident (a thromboembolic disorder) [35].
Yet two large prospective studies [33, 36] have shown
no association between smoking and NA-AION.
While an association has been reported between
thrombophilic risk factors and cerebrovascular
accident, no significant association has been found
between NA-AION and thrombophilic risk factors
in the vast majority [37–39], because NA-AION is
hypotensive and not thrombotic.
There is a distinct difference in the seasonal variation between onset of NA-AION and that of cerebrovascular accident and myocardial infarction.
Our study [34] showed that NA-AION onset was
significantly more frequent in summer (or hot
months) than in winter (or cold months) (p = 0.0030).
This is in contrast to the reported incidence of myocardial infarction and cerebrovascular accidents,
which develop more frequently during winter than
other seasons [40–42]. The reasons for the seasonal
variations of myocardial infarction and cerebrovascular accidents are discussed at length elsewhere
[34]. Moreover, our study [43] of 406 NA-AION
patients showed that, in those without arterial
hypertension and diabetes mellitus, there is no significant increase in mortality, and no increase in
cerebrovascular disease.
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7. Transcranial Doppler in NA-AION patients, compared to age-matched controls, did not reveal an
increased incidence of embolic events [44].
Thus, there is overwhelming evidence that NA-AION,
unlike stroke, is not a thromboembolic disorder, and
that it is a serious mistake to manage NA-AION like
stroke – the primary basis for advocating the use of
aspirin in NA-AION. There is no scientifically valid
rationale for it.
Stiebel-Kalish and colleagues [45], on a review of
the literature, concluded that: “Data suggest a benefit
of aspirin in prevention of second eye NAION, but the
evidence is weak.” The conclusions of this study must
be put in proper perspective as to (1) their validity, and
(2) most importantly the rationale for the role of aspirin in NA-AION.
1. The result of any such review depends upon the
sample size, the nature of the studies selected and
(sometimes) personal biases. The authors seem to
base their conclusion on four studies with very different sample sizes and natures. Their conclusion of
a beneficial effect of aspirin in NA-AION is drawn
solely from two small studies, based on retrospective review of charts of 131 [46] and 56 [47] patients
and a follow-up of 2 years. The authors did not consider the conclusions of two large, comprehensive
studies based on 431 [32] and 173 [33] patients
respectively, and a follow-up of 5 years – both of
which came to the exact same conclusion, that aspirin has no beneficial effect in NA-AION. It is puzzling that Stiebel-Kalish and colleagues [45] did
not take into consideration the findings of the two
latter comprehensive studies [32, 33] which cannot
be called “weak” evidence. Moreover, Salomon
et al. [47] (one of the two studies cited by the authors
in support of their conclusion) miscited [48] the
study by Beck et al. [32] when advocating administration of aspirin. Beck et al. [32] actually concluded that there is “little or no long-term (5 years)
benefit in using aspirin to reduce the risk of NAION
in the fellow eye”.
2. As discussed above [25], there is no scientifically
valid rationale for the use of aspirin in NA-AION.
Thus, the conclusion by Stiebel-Kalish and colleagues [45] that “Data suggest a benefit of aspirin
in prevention of second eye NAION” is unwarranted
and misleading. Regarding their call for conducting
a multicenter randomized controlled trial, recruiting

750 patients, Beck et al. [32] had already stressed
that the findings of their study in 431 patients “limits the feasibility of conducting a randomized trial
of aspirin use in treating nonarteritic anterior ischemic optic neuropathy because of the sample size
that would be required to detect a beneficial treatment effect. In addition, the routine use of aspirin
for many individuals older than 50 years of age
would have a detrimental effect on recruitment for a
placebo-controlled trial.”
In conclusion, aspirin has no beneficial effect in ordinary NA-AION. However, in a rare case where NA-AION
is embolic in nature (Fig. 17.2), with the embolus coming from plaques in the carotid artery or the heart, use of
aspirin would be indicated. Therefore, in some cases of
NA-AION, evaluation for a source of embolism may be
indicated. In this respect, my studies have shown that the
presence of plaque in the carotid arteries is far more
important than the degree of stenosis.

Levodopa
Johnson et al. [49, 50] in a retrospective study of
patients with NA-AION, concluded that “levodopa
appears to be beneficial in the treatment of recent-onset
NAION” [50]. However, this conclusion was not justifiable, as discussed in detail elsewhere [51, 52].
Johnson et al.[50] claimed that 10 of 13 (76.9%)
NA-AION patients with visual acuity of 20/40 or
worse, when treated within 45 days of onset with
levodopa, showed a “significant improvement in visual
acuity” at 6 months. As mentioned earlier, the first
essential in evaluating any therapy for a disease is to
determine whether it has a scientific rationale, and
whether the study design is scientifically sound. The
authors [49, 50] assumed that with levodopa and carbidopa, following acute ischemia, the axons of the optic
nerve in NA-AION are still surviving and suffering
from ischemia for up to 45 days (their inclusion criterion [50]) or for longer than 6 months [49] and that
their function can be restored by drugs. There is no
scientific evidence to support that. It is difficult to
imagine how levodopa or, for that matter, any drug can
resurrect permanently destroyed axons. Thus, there is
a flaw in the basic rationale of the study. Johnson et al.
[50] explained their claimed visual improvement from
levodopa by arguing (based on studies in the literature
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on amblyopia and Parkinson’s disease) that: “Levodopa
crosses the blood–brain and blood-retinal barriers to
increase brain and retinal dopamine levels... Dopamine
may promote visual recovery by enhancing neuronal
‘plasticity’ or function in either the retina, lateral
geniculate body, or visual cortex. Dopamine also may
alter the metabolic milieu of the retina and vitreous,
thereby preventing ischemic neuronal injury.” The fundamental fact is that NA-AION is due to acute ischemic damage to the axons in the optic nerve head. It is
a disorder neither of the retina, nor of the lateral geniculate body nor the visual cortex, with no vitreous
abnormalities. That simple fact invalidates the argument for using levodopa in NA-AION. From the therapeutic point of view, the authors equated NA-AION
with amblyopia and Parkinson’s disease (as indicated
above) in this study, but there is nothing in common
between NA-AION and the other two diseases,
morphologically, etiologically or pathogenetically;
NA-AION is an acute ischemic disorder of the optic
nerve head where the axons are destroyed permanently,
immediately, or within a few days, by acute ischemia;
that is not at all the case in the other two conditions.
Amblyopia is not an ischemic disorder and the optic
nerve axons are intact. Parkinson’s disease is a totally
different ballgame. To argue that all the three diseases
would respond identically to levodopa represents a
poor understanding of the different disease processes
of NA-AION, amblyopia, and Parkinson’s disease.
Thus, it is evident that the use of levodopa in the
treatment of NA-AION or its claimed beneficial effect
on visual acuity has no scientific rationale.
The conclusions of Johnson et al. [50] were based
on a retrospective retrieval of information from charts
of 37 patients, selected from 112 NA-AION patients
seen by the authors over the previous 9 years. The
study was retrospective, unplanned, nonrandomized,
based on a small sample size with unbalanced treated
and untreated groups, with a serious possibility of bias
in selection and evaluation of patients and visual acuity
measurement (because neither the patients, nor the
physicians and testers were masked as to treatment
assignment). There were also problems with statistical
data analyses [51]. The authors claimed that 76.9%
showed improvement of visual acuity of three or more
lines; however, 5 of the 10 patients in that group had a
baseline visual acuity of 20/400 or worse, and the
claimed improvement may be due to an artifact caused
by conversion of Snellen visual acuity of less than

397

20/200 into logMAR. The main claim of this study is
improvement in visual acuity, which is easy to make
but often may be illusory. From my experience of prospectively studying about 1,350 patients with NA-AION
and even larger number of patients with various retinal
vascular and optic nerve disorders (testing the visual
acuity carefully in every patient myself), I have found
a number of confounding factors and artifacts in the
visual acuity obtained on routine testing, particularly
when a patient has a central scotoma or a visual field
defect which passes through or involves the fixation
point (see Figs. 16.1–16.5 and 16.9 in Chap. 16). Not
uncommonly the initial visual acuity tends to be poorer
than it actually is, because, having suffered a sudden
visual loss, the patient is emotionally stressed and performs poorly. Also, apparent improvement in visual
acuity may simply represent a learning experience on
the part of the patient; over time the patient may learn
by experience to read the testing chart much better by
fixating eccentrically. It also depends upon how knowledgeable the examiner is about the nature of visual
defect and how to test to get the best visual acuity.
I have often found that on testing the visual acuity of
these patients, I can get much better (often three or
more lines) visual acuity than that recorded even by an
experienced technician only 15 min earlier in another
clinic. In view of this problem, it is essential to correlate the visual acuity improvement with the type of
central visual field defect and the changes in it on follow-up. Visual acuity improvement without corresponding central visual field improvement usually
represents an artifact [11, 30, 53]. When judging
improvement in visual fields, simply using “a difference in mean deviation of 3.0 dB or more” is not meaningful, because overall visual field improvement has
little correlation with change in visual acuity. Moreover,
the study by Johnson et al. [50] did not show any significant improvement in the visual fields overall anyway, further evidence that the visual acuity improvement
claimed was probably not genuine. Johnson et al. [50]
gave extensive statistics and p-values, but experienced
biostatisticians have found a number of confounding
factors in their statistical methods and data analyses
[51], and that invalidated their claim.
In conclusion, the claims made by Johnson et al.
[49, 50] in their studies have no scientific rationale and
contain flaws; their conclusion that “levodopa appears
to be beneficial in the treatment of recent-onset
NAION” cannot be accepted.
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Systemic Corticosteroid Therapy
Miller and Smith [54] in 1966, first treated 6 of 11
patients with corticosteroid therapy. They stated:
“Steroids and anticoagulants have been used in these
patients but the final evaluation of their efficacy awaits
further study.” Foulds [55] treated 13 of 24 patients in
1969 with NA-AION with systemic corticosteroids; on
comparing the treated with the untreated patients, he
reported significant visual improvement in 85% (11 of
13) of the treated cases compared to 45% (5 of 11)
of the untreated patients. Based on a preliminary study
of 14 patients with NA-AION, seen from 1970 to 1972
at the Edinburgh Royal Infirmary, Scotland, I [8]
reported visual acuity improvement in 75% of the eight
patients with NA-AION and in 17% of the six untreated
patients.
In 1973, I decided to conduct a systematic study on
the role of corticosteroid therapy in NA-AION, at the
Ocular Vascular Clinic of the University of Iowa
Hospitals and Clinics, for the following reasons.
1. Studies on small numbers of patients by Foulds [55]
and myself [8] showed encouraging results of beneficial effects of systemic corticosteroid therapy in
NA-AION.
2. Miller and Smith [54], who used corticosteroid
therapy in 6 of their 11 patients, commented that
“the final evaluation of their efficacy awaits further
study”.
3. Also, during my discussions with ophthalmologists
during professional meetings in North and South
America, Europe and Asia, I found that many ophthalmologists were treating these patients with systemic corticosteroid therapy empirically, for lack of
any other alternative treatment, and all giving different doses for different lengths of time.
4. The whole subject of the role of corticosteroid therapy in NA-AION was highly controversial, with
some having strong opinions about the lack of any
rationale for corticosteroid therapy in NA-AION. I
felt that a comprehensive study in a large cohort of
patients with NA-AION was essential, to determine
whether this therapy was beneficial, ineffective or
harmful.
In view of the above, in 1973, I planned a large, multicenter randomized clinical trial to investigate systematically in a large cohort of NA-AION patients whether

systemic corticosteroids improved visual outcome.
Unfortunately, that clinical trial was not funded by the
U.S. National Institute of Health, because of a firm but
unsubstantiated belief among neuro-ophthalmology
reviewers that corticosteroid therapy has no role in
NA-AION. (Unfortunately, as is evident from the discussion below, in spite of tremendous advances in our
knowledge of NA-AION during the past 4 decades,
that basic philosophy of neuro-ophthalmologists on
the subject has not changed at all).
Lacking extramural funding, I decided on a prospective “patient choice” controlled study instead of
the “conventional randomized study” – the next best
choice. Every fresh NA-AION patient seen in my
clinic was given a free and informed “patient choice”.
The decision was left entirely up to the patient, to opt
for corticosteroid therapy or no treatment, in consultation with their physicians or other sources. I and my
staff had no in-put at all into their choice. I specifically told all patients that I really did not know whether
the treatment was beneficial, ineffective or harmful. I
collected the data for 28 years, completely masked
about visual outcomes and numbers of patients in each
group. The primary objective of this study was to evaluate in a large cohort of NA-AION patients the role of
systemic corticosteroid therapy during its acute phase.
The study finally included 613 consecutive NA-AION
patients (696 eyes) seen in my clinic [12].
We [12] recently reported its finding. Following
was the corticosteroid treatment protocol in this
study: Initially 80 mg of Prednisone daily for 2 weeks,
then tapered down to 70 mg for 5 days, 60 mg for
5 days, then cut down by 5 mg every 5 days, to nothing. In this “patient randomization” study, there were
696 eyes with NA-AION; of these patients, 51% voluntarily opted for systemic corticosteroid therapy
while 49% opted for no treatment. The study showed
that at 6 months after the onset of NA-AION, of the
eyes with initial visual acuity of 20/70 or worse, seen
within 2 weeks of onset, there was visual acuity
improvement in 69.8% (95% confidence interval
(CI): 57.3–79.9%) in the treated group, compared to
40.5% (95% CI: 29.2–52.9%) in the untreated group
(odds ratio of improvement: 3.39; 95% CI:1.62–7.11;
p = 0.001). Comparison of visual field defects at
6 months from onset of NA-AION, among those seen
within 2 weeks of NA-AION onset, with moderate to
severe initial visual field defect, showed improvement in 40.1% (95% CI: 33.1–47.5%) of the treated
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group versus 24.5% (95% CI: 17.7–32.9%) of the
untreated group (odds ratio: 2.06, 95% CI: 1.24–3.40;
p = 0.005). In both treated and untreated groups, the
visual acuity and visual fields kept improving for up
to about 6 months from onset of NA-AION and very
little thereafter. A comparison of treated versus
untreated groups also showed that optic disc edema
resolved significantly (p = 0.0006) faster in the treated
group [56].
This study showed that treating NA-AION eyes
during the acute phase with high-dose systemic corticosteroids results in a significantly higher probability
of improvement in visual acuity (p = 0.001) and visual
fields (p = 0.005), compared to an untreated group.
Both visual acuity and visual fields improved for up
to 6 months after onset of NA-AION and no more
after that.
Striking visual improvement occurred in some eyes
following corticosteroid therapy, as is illustrated by the
following examples (3 eyes of two patients).
Case 1: A 64-year old man noticed “blurred vision”
in his left eye in the morning at breakfast time, 12 days
before he was seen in my clinic. Next morning he
noticed that the “vision disappeared”. When seen in
my clinic, his visual acuity was bare counting fingers
in a temporal island and Fig. 17.5a shows the visual
field defect at that visit. Evaluation showed no evidence of giant cell arteritis. The fluorescein fundus
angiographic findings in Fig. 17.4a definitely ruled
out arteritic AION (see Chap. 16). He opted for corticosteroid therapy 6 days later. Visual fields in
Figs. 17.5b–f show the course after the start of corticosteroid therapy – Fig. 17.5b after 1 week, Fig. 17.5c
after 3 weeks, Fig. 17.5d after 3 months, Fig. 17.5e
after 6 months and Fig. 17.5f finally. One week after
the start of corticosteroid therapy, the visual acuity
was counting fingers at 4 ft, after 3 weeks 20/200–
20/300, after 3 months 20/70, after 6 months it fluctuated between 20/40 and 20/70, depending upon
eccentric fixation or not, due to the presence of a superior paracentral scotoma touching fixation. The final
visual acuity achieved varied between 20/30 and
20/40. I followed this patient for 14 years and he
maintained his improved vision for all that time, with
a normal right eye.
Case 2: A 59 year old woman developed decreased
vision in the right eye 1 month, and in the left eye
1 week, before she was seen in my clinic. She suffered
from arterial hypotension, migraine and hyperlipidemia.
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She had an episode of headache when the vision in the
right eye blurred. Figures 17.6a and 17.7a show the
visual field defects in the right and left eye respectively
at her first visit to my clinic; her visual acuity was 20/200
and 20/50 respectively. When seen 11 days later, there
was marked deterioration in the visual fields in both
eyes (Figs. 17.6b and 17.7b) and the visual acuity was
counting fingers at one foot in the right eye and 20/100
in the left eye. She decided to go on corticosteroid
therapy at that visit. When seen 1 week later, there was
marked improvement in the visual field (Figs. 17.6c
and 17.7c) in both eyes, and the visual acuity was
20/50 in the right eye and 20/25 in the left eye. Two
weeks after the start of therapy, visual acuity was
20/30 in the right eye and 20/20 in the left eye, with a
normal visual field in the left eye (Fig. 17.7d). Four
months after the start of therapy, in the right eye the
visual acuity was 20/25 with a normal visual field
(Fig. 17.6d). I followed this lady for 21 years, and her
vision remained stable.
This study, however, has not been at all wellreceived by the neuro-ophthalmology community.
Neuro-ophthalmologists do not accept the findings of
this study and are still of the opinion that corticosteroid therapy has no role or rationale in the treatment of
NA-AION. I have learned from multiple e-mails, letters and telephone calls from NA-AION patients that
they have been told by neuro-ophthalmologists
that corticosteroid therapy will not benefit them and
that there is no known treatment available. This study
[12] recently has prompted much debate [1, 57–60],
and has become a center of controversy; therefore, it
is crucial to discuss it at length to place the whole
subject in proper perspective. A full discussion of this
treatment regimen [12] is absolutely vital because
there has not previously been any effective treatment
for NA-AION, and this study [12] provides hope to
these patients.
The following major objections have been raised by
neuro-ophthalmologists to this study:
1. There is no scientific rationale for the use of corticosteroid therapy in NA-AION.
2. There was no conventional randomization in this
study.
3. The data were not collected in a masked fashion.
We discussed all these issues at length in our original
article [12]. Following are my responses to further
clarify these objections:
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Fig. 17.5 Visual fields of Case 1 before (a) and at different time intervals after the start of corticosteroid therapy (b after 1 week, c
after 3 weeks, d after 3 months, e after 6 months and f finally)
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Fig. 17.6 Visual fields of Case 2 right eye, before (a at initial visit and b 11 days later) and at different time intervals after the start
of corticosteroid therapy (c after 1 week, d after 4 months)

Scientific Rationale for Visual
Improvement with Corticosteroid
Therapy in NA-AION
Naturally, the question arises, why did corticosteroid
therapy help to improve the visual acuity and visual
fields of NA-AION patients? This is discussed at
length elsewhere [12].
To comprehend that, one has to consider some relevant basic aspects of NA-AION.
1. NA-AION is due to ischemia of the optic nerve
head, which is primarily supplied by the posterior
ciliary artery circulation [61–63].
2. Ischemia of axons in NA-AION results in axoplasmic
flow stasis [64, 65], which in turn causes axoplasmic

accumulation and consequent axonal swelling in
the optic nerve head [5, 64, 65]; that manifests as
optic disc edema, which is seen invariably in all
NA-AION eyes initially.
3. It has been shown that, in the majority of NA-AION
eyes, the optic disc has no cup at all or only a small
cup [66, 67]. Thus, there is crowding of the nerve
fibers as they pass through a restricted space in the
rigid opening in Bruch’s membrane and the small
scleral canal. The importance of this factor is that the
swollen axons in the restricted and unyielding space
within the optic nerve head have to expand at the
cost of other tissues in that space. The only thing that
they can compress to expand is the fine capillaries
lying among them; that results in secondary vascular
changes [5]. A vicious circle may, therefore, be set
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Fig. 17.7 Visual fields of Case 2, left eye, before (a at initial visit and b 11 days later) and at different time intervals after the start
of corticosteroid therapy (c after 1 week, d after 2 weeks)

up, in which compression of capillaries may further
aggravate ischemia, particularly when perfusion
pressure in the capillaries falls for any reason (as for
example, during nocturnal arterial hypotension) [34,
68, 69]. This is supported by the fact that in at least
73% of episodes of NA-AION, visual loss was discovered first upon awakening or a first opportunity to
use vision critically after sleeping, because of a fall
of blood pressure during sleep [34] – the remaining
patients did not know exactly when it happened.
4. On fluorescein fundus angiography, the optic disc
with edema in NA-AION always shows late staining

due to dye leaking from the capillaries in the optic
nerve head (Fig. 17.8). Fluorescein leakage may be
due to two factors: (1) ischemic insult to the capillaries in the optic nerve head, and (2) venous stasis
produced by the capillary compression [5]. Foulds
[55] also pointed out that increased capillary permeability due to anoxic capillary damage was an
important factor in the development of optic disc
edema in NA-AION. Kaur et al. [70] recently
reviewed the effect of ischemia/hypoxia on the
blood–optic nerve barrier. There is disruption of the
blood–optic nerve barrier in hypoxia/ischemia,
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which may be due to several mechanisms, including increased production of vascular endothelial
growth factor (VEGF), nitric oxide, free radicals,
inflammatory mediators and hemodynamic alterations. VEGF is known as a vascular permeability
enhancing factor [71, 72].
Therefore, primary and secondary changes take place
in the optic nerve head to produce optic disc edema in
NA-AION – the primary change being ischemic axoplasmic flow stasis in the axons and the secondary
change, vascular changes and fluid leakage.
Foulds [55] postulated that corticosteroid therapy in
acute NA-AION reduces optic disc edema by reducing
the capillary permeability. There is ample evidence
that corticosteroids work in many non-inflammatory
diseases. Corticosteroids have a specific effect on
reducing vascular permeability [73]. For example, a
large number of studies have shown that corticosteroid
therapy reduces macular edema from various causes.
The reduction is due to alteration of capillary permeability and reduction of fluid leakage. As discussed
above, fluorescein angiography shows leakage of fluorescein in the optic nerve head when the disc is edematous in NA-AION (Fig. 17.8), but not in normal or
atrophic discs – a proof of increased capillary permeability in optic disc edema. Our study [56] investigated
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the effect of systemic corticosteroid therapy on optic
disc edema in NA-AION, by comparing the rate of
resolution of optic disc edema in the treated group
(343 eyes) versus the untreated group (380 eyes).
Those treated with corticosteroid therapy within
2 weeks after onset of NA-AION had significantly
(p = 0.0006) faster optic disc edema resolution than the
untreated cases. This indicates a reduction in capillary
leakage, similar to that seen in macular edema with
corticosteroid therapy.
Thus, the most likely scenario that emerges to explain
the beneficial effect of corticosteroid therapy on visual
outcome in NA-AION seems to be as follows: The
faster resolution of optic disc edema with corticosteroid therapy (compared to the untreated patients) [56]
→ progressive decrease of compression of the capillaries in the optic nerve head → better blood flow in the
capillaries → improved circulation in the optic nerve
head → improved function of the surviving but not
functioning hypoxic axons. It is like a person who
while being starved of food, is too weak to work; but
once he is fed, he resumes his normal work. There is a
possibility that corticosteroids may have beneficial
effects from some other unknown mechanisms; one of
those mentioned has been inhibition of damage by free
radicals. Therefore, in NA-AION corticosteroid therapy DOES have a scientifically valid rationale.

The False Analogy of Stroke with NA-AION

Fig. 17.8 Fluorescein angiogram showing late staining of the
optic disc in an eye with NA-AION

As discussed above, currently there is a common perception among neuro-ophthalmologists and neurologists that stroke and NA-AION are identical
pathogenetically, and therefore their management
should be identical. It has been argued that since corticosteroid therapy does not benefit stroke, there is no
reason to believe it works in NA-AION. This philosophy is evident from comments by Biousse [59], who
stated: “A number of well-designed studies in the neurologic literature have shown that corticosteroids do
not improve outcome of patients with acute arterial or
venous cerebral ischemia. Indeed it has even been suggested that corticosteroid therapy can be detrimental to
patients with acute cerebral ischemia and should not
be prescribed.” There is fundamental flaw in this argument. As discussed above, the two conditions are
pathogenetically totally different clinical entities, and
therefore must be different in management. Stroke is
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usually a thromboembolic disorder, whereas, as discussed at length elsewhere [28, 29, 34, 68, 69],
NA-AION is predominantly a hypotensive disorder
caused by transient hypoperfusion or nonperfusion of
the optic nerve head circulation.
Furthermore, the severity and the duration of ischemia, and the amount of tissue involved by ischemia
determine the functional recovery. In classical
NA-AION, there is not usually marked ischemia,
because it is usually due to transient nonperfusion or
hypoperfusion of the optic nerve head circulation,
occurring almost invariably only during sleep [34],
and it involves only a small amount of tissue in the
optic nerve head. That is why two large prospective
studies have shown that about 40% of eyes with
NA-AION show significant spontaneous visual acuity
improvement [10, 11]. By sharp contrast, in arteritic
AION, which is a thrombotic disorder with severe
ischemic damage, there is practically no visual
improvement [30, 31]. Similarly, cerebral stroke, being
a thromboembolic disorder, causes comparatively
much severer ischemic damage and, importantly,
involves a much larger mass of tissue than NA-AION
does in the optic nerve head. Therefore, obviously,
corticosteroid therapy has no beneficial effect in
stroke.
Thus, there is overwhelming evidence that
NA-AION, unlike stroke, is not a thromboembolic
disorder, and the two are totally unrelated pathogenetically and consequently in their management. To equate
NA-AION and stroke is a fundamental mistake, as is
the consequent assumption that because corticosteroid
therapy is not beneficial in stroke, it is not beneficial in
NA-AION. To equate stroke and NA-AION is to call
apples oranges.

There Was No Conventional
Randomization in this Study
The reason why a conventional randomized trial was
not conducted is discussed in the original paper [12]
and above. To reiterate, my original planned large,
multicenter randomized clinical trial, in the early
1970s, to investigate systematically the role of corticosteroid therapy in NA-AION in a large cohort of
NA-AION patients was not funded by the U.S. National
Institute of Health, because neuro-ophthalmology

reviewers, based on a firm but unsubstantiated conviction, held that corticosteroid therapy has no role in
NA-AION. Therefore, lacking extramural funding, I
decided on a prospective “patient choice” controlled
study instead of the “conventional randomized study” –
the next best choice.
The study finally included 613 consecutive
NA-AION patients (696 eyes) seen in my clinic [12].

What Are the Crucial Criteria Required
for “Conventional Randomization”?
It is to have treated and untreated groups comparable
at baseline in demographic and clinical characteristics.
In this study [12], as discussed below, that was indeed
the case, as is evident from the following:
1. Of the patients with 696 eyes with NA-AION, 51%
voluntarily opted for systemic steroid therapy.
Forty-nine percent opted for no treatment. Unknown
to me while doing the study, the number of patients
in the treated and untreated groups turned out to be
similar. This would not have occurred if there had
been any bias in selection.
2. There was no significant difference between the
two groups in visual acuity, visual fields or systemic
diseases, except that patients who opted for treatment were slightly younger (59.2 vs. 62.0 years)
and had a lower prevalence of arterial hypertension
(34% vs. 43%). To determine if differences in age
and arterial hypertension, and also if presence of
transient ischemic attacks/cerebrovascular accidents and diabetes mellitus influenced the visual
outcome in this study, they were accounted for in
the statistical analysis by including them as covariates in the logistic regression model. (This is similar to the analysis performed for epidemiological
studies, which do not involve randomization to
treatment groups.) From the statistical analysis, we
established that differences in age, arterial hypertension, transient ischemic attacks/cerebrovascular
accidents and diabetes mellitus showed no significant association with the primary outcome of visual
acuity (age at onset p = 0.817; hypertension
p = 0.589; transient ischemic attacks/cerebrovascular accidents p = 0.929; diabetes mellitus p = 0.516)
or visual field improvement (age at onset p = 0.746;
hypertension p = 0.271; transient ischemic attacks/
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cerebrovascular accidents p = 0.829; diabetes mellitus
p = 0.972); nor did they alter the finding of a significantly greater likelihood of improvement in visual
outcome with corticosteroid therapy. Thus, the
slight differences in age and in prevalence of arterial hypertension did not make any significant difference in the visual outcome. Therefore, concerns
with respect to differences between the groups that
may be due to the study not being randomized had
been adequately addressed by the statistical
analysis.

Response to Criticism by Biousse and Colleagues
About Our Study [12]
In spite of the above information, unfortunately,
Biousse and colleagues [1, 58, 59] insist that there
are several flaws in our study [12], which invalidate
our conclusions. I feel it is important to discuss
their comments fully to place them in proper perspective. Following are my [57] responses to their
comments:
1. They [1] stated: “Their patients were not randomized, and the untreated group had more vascular
risk factors making it difficult to interpret their
results.” Both statements are incorrect. In our study
[12], the patients were indeed randomized, but for
the reasons discussed above and in the original
paper [12], we were forced to use “patient randomization”, rather than “conventional randomization”.
The critical aim of “conventional randomization”,
as discussed above, is to have comparable treated
and untreated groups at baseline in demographic
and clinical characteristics. Our [12] “patient randomization” study fulfilled all the vital criteria of
“conventional randomization”, as discussed above
in detail.
2. They [1] stated: “In addition, the earlier resolution
of disc edema seen in the treated group is particularly subject to selection bias, since diabetics were
much less likely to be treated, and the authors’ own
data demonstrate that edema persists longer in diabetics”. This statement is invalid for two reasons.
First, as discussed above, there was no difference
(p = 0.126) in the diabetic patients between the
treated and untreated groups. Second, they had cited
our study [56] dealing with optic disc edema in dia-
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betics totally out of context to this study [12]. The
evaluation of optic disc edema was done by direct
ophthalmoscopy and later on from stereoscopic
optic disc photographs and fluorescein angiograms
– all in a masked fashion, so that there is no question of “bias” in the optic disc edema evaluation.
Moreover, we [12] discussed at length what steps
were taken to mask visual acuity and visual field
evaluation in the study (see below).
3. In spite of the above data and my response [57] to
their original criticism of our study [12] Biousse
[58, 59] further criticized our [12] study by stating
the following:
(a)	“The untreated group had more vascular risk
factors (especially diabetes)” As discussed in
detail above and in the original manuscript [12],
contrary to her assertion, a detailed statistical
analysis clearly showed that there was NO difference in the frequency of diabetes or other
vascular risk factors between the two groups. I
fail to understand where that idea originated. It
is simply not true.
(b)	She went on to state [58] that “most statistical
tests (such as those used in this paper) cannot
support an absence of difference, as is argued. It
is also important not to place too much importance on only the p-value.” From the scientific
point of view, this rejection of well-established
statistical methods contradicts standard scientific practice is a completely invalid statement.
4. Biousse [59] stated: “A number of well-designed
studies in the neurologic literature have shown that
corticosteroids do not improve outcome of patients
with acute arterial or venous cerebral ischemia.
Indeed it has even been suggested that corticosteroid therapy can be detrimental to patients with acute
cerebral ischemia and should not be prescribed.” As
discussed above, there is fundamental flaw in equating stroke and NA-AION with regard to their pathogeneses and treatment, and it is like comparing
apples and oranges.
Therefore, in conclusion, when all these facts are put
together, one can conclude that this “patient choice”
controlled study fulfilled the most crucial criteria of a
“conventional randomization” clinical trial, i.e. the
treated and untreated groups were comparable in demographic and clinical characteristics at baseline. Therefore,
the results of this study must be valid. Unfortunately,
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there is a tremendous amount of unnecessary genuflexion to “conventional randomization” or “class I studies”; Those studies are not always without flawed
results.

The Study Data Were Not Collected
in a Masked Fashion
I expected this criticism right from the start of the
study. Therefore, I took all possible steps to ensure that
the data were collected in a masked fashion, as well as
during data analysis. These steps are discussed at
length in the paper [12].
The following are proof that the collected data had
no bias.

Visual Acuity
The results of our study [12] exactly mirrored the relevant findings of the Ischemic Optic Neuropathy
Decompression Trial, a “randomized” and “masked”
study [10]; in that study, in the untreated eyes seen
within 2 weeks after the onset of NA-AION with VA of
20/70 or worse, visual acuity improved in 43% of
untreated eyes In our study [12], in an identical group
of NA-AION patients, in the untreated group visual
acuity improved in 41%. In both studies, the visual acuity kept improving only for the first 6 months. Had
there been any bias in the collection of visual acuity
data, the results of our study [12] would not have been
absolutely identical. This is the most convincing proof
that the visual acuity data in my study were unbiased.
Moreover, the odds ratio for improvement in visual
acuity from initial visit in the corticosteroid treated
group relative to that in the natural history group was
4.45 (95% CI: 2.03–9.75; p = 0.0002) at 3 months, 3.39
(95% CI: 1.62–7.11; p = 0.001) at 6 months and 4.06
(95% CI: 1.92–8.57) at 1 year. This is not at all a minor
difference when the two groups were basically similar.

Visual Fields
As discussed at length in the original paper [12], these
were plotted by perimetrists who were totally unaware

of the diagnosis, because these patients were mixed
with other patients seen in the entire ophthalmology
department. Finally, the fields were graded and judged
by three neuro-ophthalmologists, independently, in
masked fashion, without any knowledge of the patients.
Thus, the entire visual field information is based on
completely masked collection and interpretation of the
data.
This discussion, ought to answer all the objections
to our study raised by critics [12]. Two additional factors have played an important role in the controversy
about corticosteroid therapy in the treatment of
NA-AION.

Pathogenesis of NA-AION
It seems the primary reason for controversy on
NA-AION management is lack of understanding of its
pathogenesis. It is invariably stated, as Biousse [59]
did, that the “pathogenesis of NA-AION is unknown”.
This contention is based on a lack of an in-depth
knowledge of: (1) blood supply of the ONH [61–63]
(see Chap. 3) (2) blood flow in the optic nerve head
and the factors that influence it [74] (see Chap. 5), (3)
various local and systemic risk factors [28, 29] (see
Chap. 14), and (4) the role of nocturnal arterial
hypotension (see Chap. 14). Most of the postulated
theories on pathogenesis suffer from these fundamental flaws. The pathogenesis of NA-AION and the flaws
in the various postulated theories are discussed at
length in Chap. 14. Based on currently available scientific information, it can be concluded that available
evidence shows that the pathogenesis of NA-AION is
complex but not, as often stated, unknown [29].

Treating Elderly Patients with High
Dose Systemic Corticosteroids
Many physicians are nervous of treating patients, particularly the elderly, with high dose corticosteroid
therapy. Over 45 years, I have treated several thousand
patients with giant cell arteritis, scleritis, uveitis, retinal vasculitis and a host of other acute ophthalmic conditions, with high dose corticosteroid therapy. From
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that experience, I have found that fear about corticosteroid therapy is overblown, provided the patients are
followed closely and meticulously. In our corticosteroid therapy study [12] in NA-AION, 27% were diabetics and they were managed without any problem.

When and How to Treat NA-AION
Patients with Corticosteroid Therapy
Given the mechanism and rationale of visual improvement with corticosteroid therapy discussed above, it
would seem that the sooner the treatment is started, the
better the chance of improvement; the longer the
axonal ischemia persists, the more axons are likely to
be damaged permanently.

Secret of Corticosteroid Therapy
Over a period of almost five decades having treated
several thousand patients with corticosteroid therapy
for a variety of conditions (see above), I have found
that the most effective way to use corticosteroid therapy is to hit hard at the beginning and then taper down.
Corticosteroid therapy has been given timidly for
NA-AION in some studies, “too small a dose, for too
short a period”. This timidity has led to the prevailing
misconception that corticosteroid therapy does not
help patients with NA-AION. The treatment protocol
for systemic corticosteroid therapy used in our study
[12] is essential to get the required benefit, rather than
an inadequate small dose for too short a time.

Intravitreal Triamcinolone
Acetonide Therapy
It could be argued that intravitreal corticosteroid therapy may be safer and equally effective in NA-AION.
There have recently been two contradictory small studies on this topic. Jonas et al. [75] in 3 patients, found
that it had no beneficial effect on visual acuity. Kaderli
et al. [76] in four eyes, reported visual acuity improvement, but without any improvement in visual fields;
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however, that study had some notable flaws [77].
Briefly, these include:
1. Their study was based on only four eyes.
2. Two large natural history studies have shown spontaneous visual acuity improvement in 41–43% of
eyes with NA-AION [10, 11].
3. More importantly, none of the eyes in the study
by Kaderli et al. [76] showed improvement in
visual fields and all had altitudinal visual field
defects. Studies have shown that in NA-AION
and arteritic AION apparent visual acuity
improvement without visual field improvement is
due to the patient learning to fixate eccentrically,
rather than being a genuine visual improvement
[11, 30, 53]. Kaderli et al.’s [76] patients had altitudinal visual field defects passing through fixation; it is well-known that such patients soon
learn to fixate eccentrically and can see much better without actual improvement. This eccentric
fixation may explain why in their study the visual
acuity of the patients apparently improved, while
the visual fields did not.
It is impossible to judge the effectiveness of intravitreal modes of treatment in studies containing only four
eyes when 41–43% of NA-AION eyes show spontaneous visual acuity improvement. Most importantly,
intravitreal injection in NA-AION eyes can be harmful. Optic nerve head circulation depends upon the perfusion pressure (mean blood pressure minus intraocular
pressure). Intravitreal injection increases the volume in
the eyeball, thereby resulting in a transient rise of
intraocular pressure initially. In addition, there are
many reports showing a substantial number of patients
(as much as 40–50%) developing a rise in intraocular
pressure a few days or weeks after intravitreal triamcinolone, or even developing glaucoma requiring treatment. In NA-AION, with already precarious optic
nerve head circulation, even a small rise in intraocular
pressure for any reason can further compromise the
circulation and result in further visual loss. Oral corticosteroid therapy for NA-AION in our study [12], by
contrast, had no effect on intraocular pressure during a
short-term treatment. Thus, one cannot equate oral and
intravitreal corticosteroid therapy in NA-AION.
Development of triamcinolone-associated crystalline
maculopathy has also been reported [78]. All this indicates that intravitreal corticosteroid therapy may actually be harmful in NA-AION.
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Use of Intravitreal Vascular Endothelial
Growth Factor Inhibitory Therapy
Currently, the use of vascular endothelial growth factor (VEGF) for a variety of ocular disorders is very
popular. This has also been tried in NA-AION. A case
report by Bennett et al. [79] claimed visual improvement after an intravitreal injection of Bevacizumab
(Avastin) 3 weeks after the onset of NA-AION in one
eye. The authors claim that bevacizumab – a VEGF
inhibitory drug – improved visual acuity in the eye by
reducing optic disc edema. But it is impossible to judge
the effectiveness of a mode of treatment from one eye
when 41–43% of NA-AION eyes show spontaneous
visual acuity improvement [10, 11]. Moreover, recently
Pece et al. [80] reported three patients with NA-AION
who had intravitreal ranibizumab injection 1–2 days
after onset. They found that intravitreal ranibizumab,
although it reduced the optic disc edema, did not result
in any functional improvement (most probably due to
rise of intraocular pressure – see Chap. 15).
There have recently been two disturbing reports
where intravitreal bevacizumab injection actually
resulted in the development of NA-AION. Hosseini
and Razeghinejad [81] reported a 72-year old woman
who woke up with visual loss 1 week after intravitreal
injection of bevacizumab and was diagnosed to have
NA-AION. Ganssauge et al. [82] report a 51-year-old
male who “recognized” visual field defects 2 weeks
after injection of intravitreal bevacizumab for choroidal
neovascularisation, and was diagnosed as having
NA-AION. Recently, also a neuro-ophthalmologist
wrote me about seeing a patient who developed
NA-AION following intravitreal injection of an antiVEGF drug in an eye with pseudoxanthoma elasticum
and choroidal neovascularisation. In the first two cases
[81, 82], it could be argued that because there was a
time lag of 1 week and 2 weeks respectively between
the intravitreal injection of bevacizumab and the “development” of NA-AION, the latter could not be attributed to the former. Since Ganssauge et al.’s [82] patient
“recognized” the visual field defect, the possibility that
it was there before and he was unaware of it cannot be
ruled out (see Chap. 16). That is not unknown in
patients with NA-AION. There is an explanation for
the delay between the intravitreal injection and development of visual loss due to NA-AION in these two
cases [81, 82]. In 1981, I [83] reported that

asymptomatic optic disc edema is an early sign of
NA-AION. More recently, we [13] described the clinical entity of “Incipient nonarteritic anterior ischemic
optic neuropathy” in 60 eyes, in which, again,
NA-AION patients were seen initially with asymptomatic optic disc edema and 25% of them later progressed
to classical NAION, with a median time of progression
of 5.8 (interquartile 3.2–10.1) weeks from the initial
diagnosis. Thus, contrary to the universal impression,
the time of visual loss is not always the time of onset of
NA-AION – it is only the time when the patient first
notices it or develops visual symptoms. In these two
cases [81, 82] the intravitreal injection most probably
started the chain of events. It initially produced
“Incipient nonarteritic anterior ischemic optic neuropathy”; however, the patients were seen by the ophthalmologist only when they noticed visual loss 1–2 weeks
later.
I [84] have discussed at length elsewhere the role of
short-term, severe, sustained ocular hypertension following intravitreal injections of anti-VEGF or triamcinolone in the development of NA-AION (see Chap. 15).
This shows that use of intravitreal injections for treatment of NA-AION has the potential of being harmful
rather than helpful. Also, the pathogenesis of development of NA-AION following their use in age-related
macular degeneration and other conditions is discussed
in Chap. 15. As pointed out previously in Chap. 15, agerelated macular degeneration and diabetic macular
edema occur in persons with predisposing vascular risk
factors for development of NA-AION. A rise of intraocular pressure in such persons may precipitate development of NA-AION. Development of NA-AION
following intravitreal injection of anti-VEGF drugs may
be far more common than only the three cases mentioned above (see Chap. 15). In view of all these considerations, when treating age-related macular degeneration
or diabetic macular edema with intravitreal injections of
anti-VEGF or triamcinolone, on a risk/benefit ratio, it
may be prudent to avoid any immediate or prolonged
rise of intraocular pressure by taking precautionary
measures and measuring intraocular pressure frequently.
For persons who already have had NA-AION in one
eye, the risk of the second eye developing NA-AION is
much higher than for those who have never had
NA-AION. Thus, a high intraocular pressure can precipitate development of NA-AION in persons with predisposing risk factors and can worsen the visual loss in
those who already have NA-AION. So intravitreal
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injections of anti-VEGF agents or of triamcinolone have
the potential to be harmful – a factor not realized in the
current enthusiasm for their use. Moreover, anti-VEGF
agents do rarely have systemic complications, e.g., acute
elevation of systemic blood pressure, cerebrovascular
accidents, myocardial infarctions; even deaths have
been reported in some cases [85].

Miscellaneous Other Treatments
Advocated from Time to Time
It is well-known that “a disease which has no treatment
has many treatments” – each hailed with enthusiasm but
then found to be ineffective, or even harmful. NA-AION
has been a classical example of that. Atkins and colleagues [1] have recently listed and discussed the various treatments which have been advocated from time to
time. Those include anticoagulants, thrombolytics,
vasodilators, pressor agents (norepinephrine), brimonidine tartrate, hyperbaric oxygen, diphenylhydantoin,
heparin-induced extracorporeal LDL/fibrinogen precipitation, transvitreal optic neurotomy, vitrectomy and
release of epipapillary vitreous traction, transcorneal
electrical stimulation, and retinal laser photocoagulation. Almost all of these modes of treatment lack scientific rationale for management of NA-AION. I have the
following comments about them.
1. Treatments such as aspirin, anticoagulants and thrombolytics were advocated under the misconception
that NA-AION, like stroke, is a thromboembolic disorder, which, as discussed in Chap. 14, is not true.
2. The use of pressor agents (norepinephrine) has
been advocated and widely practiced under the
belief that raising systemic blood pressure by these
agents would improve the blood flow in the tissues
(e.g., optic nerve head in the case of NA-AION),
and would thereby be beneficial to prevent ischemia. I discussed the role of pressor agents elsewhere in relation to optic nerve ischemia [86].
These agents elevate blood pressure by constricting
the terminal arterioles. Constriction of the terminal
arterioles has a paradoxical effect – proximal to the
arterioles there is increased blood pressure (which
gives a false sense of security of having high blood
pressure) but distal to the terminal arterioles (due
to constriction of the arterioles) there is marked
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reduction of blood flow in the capillary bed, resulting in ischemic damage. Moreover, these agents
can also cause vasoconstriction in the optic nerve,
making it more susceptible to ischemic damage.
Thus, this mode of treatment is actually harmful.
3. Use of vasodilators actually lowers the systemic
blood pressure. Currently almost all of the drugs
used to treat arterial hypertension are vasodilators.
Lowering the blood pressure can reduce the perfusion pressure in the optic nerve head and that makes
it susceptible to NA-AION (see Chap. 14).
4. Invasive procedures, e.g., transvitreal optic neurotomy, vitrectomy and release of epipapillary vitreous traction, transcorneal electrical stimulation,
retinal laser photocoagulation, transcorneal electrical stimulation, and heparin-induced extracorporeal
LDL/fibrinogen precipitation, have no scientific
rationale and ignore the basic pathogenesis of
NA-AION. Some of them can be harmful.
5. The use of brimonidine tartrate was advocated under
the belief that it is a neuroprotector. However, there
is no evidence that it is, or that it has any beneficial
role in NA-AION. In fact, the company making brimonidine tartrate started a multicenter clinical trial
in NA-AION which was quickly abandoned.

Management of Incipient NA-AION
If a patient is diagnosed as having incipient AION, the
physician should immediately make every attempt to
pinpoint risk factors and try to modify them promptly,
if possible, to reduce the risk of progression to classical
NA-AION. Measures should include: (if possible,
always with consultation with patient’s physician) shifting the taking of blood pressure lowering medicines
from night or evening to morning, stopping any drugs
that could cause a decrease in blood pressure during
sleep (sleep medications, sedatives, alcohol, pain medications, alpha 1 blockers used for benign prostatic
hypertrophy in men and bladder problems in women,
erectile dysfunction drugs [87, 88]), and immediate
evaluation for sleep apnea, if the history indicates it. It
would also be advisable to try to lower intraocular pressure, if it is high or borderline high, but it is advisable to
avoid using beta-blocker eye drops, which produce
nocturnal arterial hypotension [89], a risk factor known
to precipitate the development of NA-AION.
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Other Important Considerations
in Management of NA-AION
When dealing with my patients, I am always reminded
of what Sir William Osler stated: “The good physician
treats the disease; the great physician treats the patient
who has the disease.”
The usual advice given by ophthalmologists and
neuro-ophthalmologists to NA-AION patients is that
nothing can be done to help them. Having dealt with
about 1,350 patients with NA-AION and having investigated various aspects of NA-AION over the years, I
find that is an inadequate and incorrect response. Apart
from treating the disease, my primary objective has
always been to treat the patient who has the disease. In
this connection, there are important measures which
can be taken, and patients must be informed.

Reduction of Risk Factors
NA-AION is a multifactorial disease and many risk factors contribute to it (see Chap. 14). The correct strategy
is to try to reduce as many risk factors as possible to
reduce the risk of NA-AION in the second eye [32, 33,
90] or any further episode in the same eye [91]. In Chap.
14 various predisposing risk factor have been discussed.
Every patient with NA-AION must be educated about
those risk factors and advised to reduce them or take
measures to deal with them, e.g., hyperlipidemia, sleep
apnoea, diabetes mellitus, among others.
As discussed in Chap. 14, nocturnal arterial
hypotension is a major risk factor in NA-AION
patients who already have predisposing risk factors.
Since the 1960s many highly potent drugs with arterial hypotensive effects have emerged, to treat arterial
hypertension, other cardiovascular diseases, benign
prostatic hyperplasia and other diseases; those drugs
are currently widely used. It may not be coincidental
that the incidence of NA-AION has progressively
increased since the 1960s, so that it has now become a
common visually disabling disease. This suggests that
NA-AION may actually be emerging as an iatrogenic
disease, stemming from the aggressive use of those
potent arterial hypotensive agents now available. In

view of this, management of nocturnal arterial
hypotension is an important step both in the management of NA-AION and in the prevention of its development in the second eye. Therefore, I strongly
recommend that when a patient is at risk of developing
ocular and optic nerve head ischemic and vascular disorders, or has the following: (a) NA-AION or history
of NA-AION in one eye, (b) active giant cell arteritis,
(c) normal-tension glaucoma, (d) occlusion or severe
stenosis of internal carotid artery, (e) low central retinal artery pressure or (f) chronic optic disc edema due
to any cause, the treating physician should be made
aware of the potential risks of intensive arterial
hypotensive therapy, particularly giving that drug in
the evening.

Management of Nocturnal Arterial Hypotension
After conducting 24-h ambulatory blood pressure
monitoring in more than 700 patients with NA-AION
and glaucomatous optic neuropathy, I have found that
marked nocturnal arterial hypotension seems to play
an important role in both NA-AION and glaucomatous optic neuropathy. During these studies, NA-AION
patients who have suffered visual loss as a result of
abnormal nocturnal arterial hypotension have asked
me about management of it to prevent any further
problems. For information on that, I reviewed the
management of orthostatic hypotension, which has
some similar features to marked nocturnal arterial
hypotension. The drugs currently most used for
orthostatic hypotension are fludrocortisone and
midodrine.
Fludrocortisone is a synthetic adrenocortical steroid
possessing very potent mineralocorticoid properties
and high glucocorticoid activity; it is used only for its
mineralocorticoid effects. It is the first line of treatment for orthostatic hypotension. Its most adverse
reactions are caused by the drug’s mineralocorticoid
activity (retention of sodium and water) and include
arterial hypertension, edema, cardiac enlargement,
congestive heart failure, potassium loss, and
hypokalemic alkalosis.
Midodrine is a vasopressor/antihypotensive agent.
An alpha1-agonist, it exerts its actions via activation of
the alpha-adrenergic receptors of the arteriolar and
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venous vasculature, producing an increase in vascular
tone and elevation of blood pressure. The most potentially serious adverse reaction associated with Midodrine
hydrochloride therapy is marked elevation of supine
arterial blood pressure (supine arterial hypertension).
Systolic pressure may go as high as about 200 mmHg.
Pathak et al. [92] investigated adverse drug reactions to fludrocortisone and/or midodrine used for
orthostatic hypotension. The study showed a high frequency of adverse drug reactions (especially serious
and unexpected adverse drug reactions) with antihypotensive drugs. They concluded that it strongly suggests the need for a better evaluation of the safety
profile of antihypotensive drugs and improvement in
the summary of product characteristics.
Maule et al. [93] in a review article, also discussed
the drugs used in the management of orthostatic
hypotension. Despite the wide use of fludrocortisone
and midodrine, multicentre, randomised and controlled
studies for the treatment of orthostatic hypotension are
still scarce and limited to a few agents and groups of
patients. The pharmacological management of orthostatic hypotension substantially improves the quality of
life of patients, but it may be problematic because of
associated side-effects.
Therefore, unfortunately, we do not have a safe and
effective drug to treat the nocturnal arterial hypotension which plays an important role in the optic nerve
head ischemic disorders [68, 69] (both NA-AION and
glaucomatous optic neuropathy).

visual field, or both. (Evaluation and extent of visual
functional disability produced by the central and
peripheral visual field loss is discussed at length in
Chap. 16.)

How to Cope with the Visual Disability
Caused by NA-AION
This is a very important issue. Unfortunately, many
ophthalmologists somehow see their role as limited to
prescribing a treatment or doing a procedure; if that is
not available for a disease, the patient is simply told
that nothing can be done. That is an inadequate way
to deal with people who have developed permanent
visual disability. Most importantly, they need counseling on how to cope with the visual disability and to
lead as full a life as possible. The visual disability
may be due to scotomas in the central visual field or
due to loss of one or the other part of the peripheral

Visual Disability Due to Scotomas in the Central
Part of the Visual Field
This depends upon the site and size of the scotoma. A
central scotoma results in a fall in visual acuity – the
larger the scotoma, the worse the visual acuity. These
patients should be taught how to use eccentric fixation
to see better in the near; I have been surprised to find
how often this helps the patient. A paracentral scotoma which spares the central fixation does not interfere with the central visual acuity but can be equally
disabling in some cases, particularly when located in
the inferior field, because that is the field of vision
which is most commonly used. Unfortunately, in
NA-AION paracentral scotomas tend to be more common in the inferior than superior field of vision. To
improve the central visual acuity, a variety of very
good low vision devices now available may be helpful
to these patients, to let them read and see better
centrally.

Visual Disability Due to Peripheral
Visual Field Defect
It is well established that the constant tracking provided by the peripheral visual fields is essential for
sensory input to our day to day activity. For example,
the peripheral visual field is vital for walking, driving
and “navigating” in this world. In view of that, to
assess the visual function disability produced by
NA-AION, it is important to have complete information about the peripheral visual fields and any impairment in them. Manual kinetic perimetry provides the
most reliable information about this (all the way to
about 80–90° temporally, 70° inferiorly, 60–70° nasally
and 50–60° superiorly), but unfortunately the currently
commonly used automated perimetry does not provide
any information beyond 24–30° in the periphery. A
person with central scotoma but with normal peripheral visual field can lead a fairly full, mobile life,
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though not able to read, write, drive and see properly in
the center. For example, a patient with a large absolute
central scotoma in one eye and no vision in the other
eye is able to walk around without any help and is
relatively happy with his visual function (Fig. 17.9).
By contrast, patients with bilateral inferior altitudinal
defects (Fig. 17.10) or with markedly constricted
visual fields are notably disabled, stumbling, and
unable to drive or “navigate”, even when they have
perfectly normal visual acuity due to sparing central
fixation. Obviously, this has important functional and
practical implications. Disability Boards tend to deny
eligibility to persons with NA-AION who can see
20/20 in both eyes, in spite of the fact that they have
complete loss of lower half of visual fields in both eyes
(Fig. 17.10); from a practical point of view they are
legally blind and unable to drive. The ophthalmologist
may need to act as an expert advocate for such patients.
Such patients may need to use a white cane to help
them to navigate.
Thus, in the management of NA-AION patients,
counseling them how to reduce predisposing risk
factors and how to cope with the visual disability are

Fig. 17.9 Visual fields (plotted with a Goldmann perimeter) in
an eye with NA-AION show a huge absolute central scotoma
with normal peripheral visual field with V4e isopter

extremely important, even though the ophthalmologist may not be able to restore their lost vision.
Referral of some of them to a low-vision clinic can be
helpful.

Fig. 17.10 Visual fields (plotted with a Goldmann perimeter) in a patient with NA-AION show bilateral inferior altitudinal defect.
(Reproduced from Hayreh [83])
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Animal Model of Non-arteritic Anterior
Ischemic Optic Neuropathy

To have an animal model simulating a human disease
is helpful, sometimes critical, in obtaining information
about the pathogenesis, management and other aspects
of a disease, since it is not always either possible or
ethical to explore many aspects of a disease in the
human.
My studies [1] showed in 1969 that the main source
of blood supply to the optic nerve head (ONH) is by
the posterior ciliary artery (PCA) circulation. Because
of my interest in anterior ischemic optic neuropathy
(AION), I then conducted a study [2] to produce AION
experimentally in rhesus monkeys (Fig. 18.1). Since I

Fig. 18.1 Fundus photograph of a rhesus monkey, showing
chalky white optic disc edema 2 days after occlusion of the PCA
(Reproduced from Hayreh and Baines [2])
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already knew that the PCA supplied the ONH, I cut
different PCAs in turn and recorded the changes in the
optic disc and ONH on ophthalmoscopy, fluorescein
fundus angiography, silicon rubber infusion and histopathology. The optic disc developed edema and later
on optic atrophy. Fluorescein fundus angiography
showed no filling of the area of the optic disc and choroid supplied by the cut PCA. In the ONH, in the region
of the occluded PCA, silicon rubber infusion studies
showed absence of filling of vessels. Histopathological
study revealed marked ONH damage in the region supplied by the cut PCA (Fig. 18.2). Since, in these eyes,
cutting of the PCA produced massive infarction of the
involved ONH, the duration of their optic disc edema
was much shorter than is usually seen in non-arteritic
AION (NA-AION) in the human. This agrees with
what our study [3] on the evolution of optic disc edema
in NA-AION showed, i.e., the more extensive and
severe the visual loss (i.e., loss of axons), the quicker
the resolution of optic disc edema. My study [2] produced what is clinically seen in arteritic AION, where
giant cell arteritis causes complete occlusion of the
involved PCA.
Unfortunately, we do not have as yet an animal
model exactly simulating the NA-AION seen in the
human, in spite of claims made to that effect, as discussed below.
Bernstein and colleagues, with the objective of having an animal model of NA-AION to study in detail
various aspects of this disease, and possible therapeutic interventions, have created two animal models –
one in rodents (“rAION” model) [4–9] and another
one in non-human primates (“pNAION” model) [10],
and have claimed that those resemble human
NA-AION. Their “rAION” model, in view of their
claim, is also being used by other investigators for
other related studies [11, 12]. I will discuss these two
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Fig. 18.2 Photomicrographs of the ONH and retrolaminar optic
nerve in rhesus monkeys. (a) 36 days after occlusion of all the
PCAs (Masson’s trichrome stain) showing atrophy and degenerative changes in retrolaminar region. (Reproduced from
Hayreh and Baines [2]) (b) Higher magnification of a part of (a)
showing marked degeneration of neural tissue in retrolaminar

region, producing an appearance resembling cavernous degeneration. (Masson’s trichrome stain) (Reproduced from Hayreh
[29]) (c) 42 days after occlusion of the lateral PCA (Masson’s
trichrome stain) showing atrophy and degenerative changes
involving the temporal half of the optic nerve, with nasal half
normal (Reproduced from Hayreh and Baines [2])

models in detail to explain why the claim of Bernstein
and colleagues that these animal models resemble
human NA-AION is not justified [13].
Bernstein et al. [4] in 2003, produced a “rodent
photoembolic stroke model” in rats and called it
“rAION”. To produce that model, they first administered intravenously 90% Rose Bengal. After that, the
rat “optic nerve” was directly treated with an argon
laser light (514 nm) or frequency-doubled yttriumaluminum garnet laser (YAG, light 535 nm). They
stated that to confirm the ischemic nature of the laserinduced optic nerve lesion, 30 min after rAION induction, the rats were anesthetized and through the left
ventricle were rapidly perfused with 5 mL India ink.
The mouse was decapitated 10 s after the beginning of
perfusion. According to them, this resulted in the

retinal, choroidal, and iris capillary beds filling with
India ink. The eyes were dissected, and postfixed in
4% PF-PBS for 24 h. The retina, along with the choroidal vasculature, was dissected immediately adjacent
to the optic nerve, and flat mounted with an aqueous
mounting medium. Optic nerve tissue was fixed in
glutaraldehyde-paraformaldehyde and embedded in
Epon.
On clinical examination, they stated that 1 day after
rAION induction, the “ON” was pale and swollen and
“ON edema decreased 3 days after induction and
resolved by 5 days after induction…. The 5-day nerve
appeared grossly normal.” However, the “ON at
37 days after induction was pale and shrunken”. They
concluded that “The ON changes in rAION mirrored
the clinical course of AION,” But our study [3] dealing
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with the evolution of optic disc edema in NA-AION in
the human showed, as mentioned above, that the more
marked the optic nerve damage, the quicker the resolution of optic disc edema and development of optic
atrophy. So in the rAION model, the optic nerve suffered massive ischemic damage, totally unlike that
seen in NA-AION in humans. This is very well demonstrated by the presence of massive amount of infarction of the optic nerve in the longitudinal histological
section of the nerves in the rAION model [7, 8]. On
microscopic evaluation of the optic nerves, the capillaries of the optic nerve of rAION animals showed a
severe reduction in the filling of many of the ONH capillaries. Bernstein et al. stated that: “Thus, the ON
defect induced by the RB-laser technique is a true ischemic lesion.” and they concluded that “long-term histological changes in rAION were similar to those seen
in the human disease.” They give two references (their
references 3 and 24) in support of this statement, but
unfortunately both are inappropriate to their conclusion for the following reasons:
A. Bernstein et al.’s [4] reference number 3 deals with
a histological evaluation by Levin and colleagues
[14, 15] of one optic nerve. I have discussed this
particular study [14, 15] in detail in Chap. 14.
Briefly the development of NA-AION in that optic
nerve was pathogenetically not the same type as
seen in classical human NA-AION, for the following reasons:
1. Detailed histological study of that same optic
nerve by Tesser and Niendor [15] (discussed in
Chap. 14), showed that the optic nerve ischemic
damage was actually located in the central part
of the intraorbital part and not in the ONH, which
is the classical location in human NA-AION.
2. In classical human NA-AION, the ischemic damage is located in the area supplied by the PCA
circulation (i.e., ONH), but in the optic nerve
examined by Levin and colleagues [14, 15] the
ischemic damage was in the central part of the
intraorbital part of the optic nerve supplied by
the intraneural branches of the central retinal
artery, and not the PCA circulation. Thus, the
optic nerve examined by Levin and colleagues
[14, 15] did not have classical NA-AION, in
spite of their claim, but was pathogenetically a
rare variety of NA-AION. Moreover, it was
totally different from the rAION model.
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B. Bernstein et al.’s [4] reference number 24, by Beck
and colleagues [16], deals with the role of cup to
disc ratio and was not a histological study.
Thus, their claim that “rAION resembles human
AION” is not justified. While, no doubt, they produced
anterior ischemic optic neuropathy, it does not resemble the human NA-AION; the severity of ONH ischemic damage in “rAION” model is similar to our model
of AION [2] produced in rhesus monkeys by cutting
the posterior ciliary artery – in both models there was
severe optic nerve head damage (like arteritic AION)
and consequently optic disc edema resolving in a short
period (as discussed above). The findings from rAION
cannot be applied to the human NA-AION.
Chen et al. [10] described a “A Primate Model of
Nonarteritic Anterior Ischemic Optic Neuropathy”
(“pNAION”). They produced this model in rhesus
monkeys ((maccaca mulatta) by injecting Rose Bengal
dye intravenously and then “intravascularly photoactivated in the optic disc with a neodymium-Yttrium aluminum garnet (Nd:YAG)”. They described this as a
“photoembolic mechanism to affect preferentially the
small vessels on the optic disc”. They concluded that
“The pNAION model of ON damage resembled human
NAION (NA-AION) clinically, angiographically, electrophysiologically, and histologically”.
Relevant to this study: as is evident from the various
chapters of this book, I have conducted comprehensive
basic, experimental and clinical research studies dealing with the pathogenesis, clinical and angiographic
aspects of NA-AION (see Chaps. 14–16). Based on that
knowledge, I have analyzed this claim of a “pNAION”
animal model and its relevance to the human NA-AION.
This is important because findings from such a model
may automatically be applied to the human NA-AION,
resulting in misleading information.
1. Site of vascular insufficiency in human NAION:
As discussed in Chap. 3, the prelaminar, laminar
and retrolaminar regions of the ONH are supplied
primarily by the PCA circulation. By contrast, the
surface nerve fiber layer of the ONH is supplied by
the retinal arterial circulation (Fig. 18.3). Both arteritic and nonarteritic AION are due to vascular insufficiency in the PCA circulation only, without
involving the retinal circulation in the surface
nerve fiber layer at all. In pNAION the surface layer
of the optic disc is also involved. Clinically, this
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Fig. 18.3 Schematic representation of blood supply of the optic nerve head. Abbreviations: C choroid, CZ circle of Zinn and Haller,
LC lamina cribrosa, OD optic disc, PCA posterior ciliary artery, PR prelaminar region, R retina, S sclera (Modified from Hayreh [30])

information is best supplied by fluorescein fundus
angiography. My fluorescein fundus angiographic
studies in about 1,200 eyes with NA-AION at its
onset have almost invariably shown a filling defect/
delay in the prelaminar region and in the peripapillary choroid and/or choroidal watershed zones
(Figs. 18.4 and 18.5; also see Figs. 3.39, 3.41, 3.45,
3.52, 3.54, 3.57–3.59). Typically, in NA-AION there
is no filling defect in the surface layer of the optic
disc supplied by the retinal circulation (Fig. 18.3)
[17, 18]. Similarly, Arnold and colleagues [19, 20]
showed filling defects in the prelaminar region in
NA-AION. An evaluation of five angiograms taken
by Arnold and colleagues [19, 20] during the early
phase of fluorescein filling in their two papers
showed a choroidal peripapillary or watershed zone
defect in all the five eyes with NA-AION. However,
Bernstein et al. [21] stated: “Dr. Hayreh’s statement
that “NAION is due to vascular insufficiency in the
deeper part of the ONH supplied by the posterior
ciliary artery only” is also disputable. Dr. Hayreh
provides no cited evidence for this statement”. But
this is not true at all; in a series of papers during the

past 34 years, I have reproduced multiple angiograms showing the filling defect/delay in the prelaminar region of the optic nerve head and peripapillary
choroid (Figs. 18.4 and 18.5; and for example also
Figs. 3.39, 3.41, 3.45, 3.52, 3.54, 3.57–3.59) [17,
18], as also did Arnold and colleagues [19, 20]. In
the literature, there are several studies dealing with
the measurement of blood flow in NA-AION, showing deranged blood flow in the PCAs (the main
source of blood supply to only the deeper parts of
the ONH [21, 22]). Above all, like NA-AION, arteritic AION is also due to ischemia of the deeper part
of the ONH; in arteritic AION, occlusion of the
PCA has invariably been demonstrated on: (1) fluorescein fundus angiography (see Figs. 3.24, 3.25,
3.28-3.34, 3.36,3.37, 3.43, 3.49, and 49,50 in chapter 3) [23, 24], (2) many postmortem histopathological studies (see Chap. 12), and (3) by our experimental
occlusion of the PCA [2]. That provides ironclad
evidence of the vascular insufficiency in the deeper
part of the ONH supplied by the posterior PCA only
in AION. This definitely contradicts the statement
by Bernstein et al. [21].
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Fig. 18.4 Two fluorescein fundus angiograms at 6 s interval in
a patient with NA-AION. (a) During the retinal arterial phase of
the dye circulation (15 s after the injection of fluorescein), shows
no filling of the temporal, superior and inferior peripapillary
choroid and superior choroidal watershed zone (arrow), and the
optic disc, with normal filling of both the medial and lateral posterior ciliary arteries. (b) During the retinal arteriovenous phase
of the dye circulation (21 s after the injection of fluorescein),
there is complete filling of the peripapillary choroid (main
source of blood supply to the ONH) and the watershed zone.
These angiograms illustrate that in NA-AION there is only
delayed filling of the peripapillary choroid and the watershed
zone and no occlusion of the PCA

2. The nature of vascular insufficiency and pathogenesis of human NA-AION: In arteritic AION,
it is well-established now that there is thrombotic
occlusion of the PCA caused by giant cell arteritis [18, 23, 24] (as discussed in Chap. 12).
Contrary to a widespread misconception (as discussed in Chap. 14) NA-AION in the vast majority is NOT a thromboembolic but a hypotensive
disorder, caused by transient hypoperfusion of

Fig. 18.5 Fundus photograph (above) and fluorescein angiogram (below) of right eye with NA-AION. Fundus photograph
shows optic disc edema. Fluorescein angiogram at that time
showed non-filling of temporal part of the peripapillary choroid
and adjacent optic disc and of upper half of the choroidal watershed zone (arrows), with normal filling of both the medial and
lateral posterior ciliary arteries (Reproduced from Hayreh [17])

the ONH vessels, without any occlusion of those
vessels, as clearly shown by fluorescein fundus
angiography in eyes with NA-AION in Figs. 18.4
and 18.5, and also by multiple angiograms in
Chap. 3 (Figs. 3.39, 3.41, 3.45, 3.52, 3.54,
3.57–3.59).
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In the light of these basic facts about human NA-AION,
let us examine the validity the claim that “The pNAION
model of ON damage resembled human NAION”.
1. pNAION was produced by a “thromboembolic
mechanism to affect preferentially the small vessels
on the optic disc” [21]. This means there was thrombosis of small vessels in the surface nerve fiber layer,
prelaminar region, lamina cribrosa region and the
immediate retrolaminar region (Fig. 18.3) – depending upon the depth of penetration of the Nd:YAG
laser. As mentioned above, in human NA-AION
there is typically NO vascular occlusion of the surface nerve fiber layer, only transient hypoperfusion
or non-perfusion in the peripapillary region (which
supplies the prelaminar and rest of the ONH –
Fig. 18.3), usually during sleep [25]. Once the small
ONH vessels are thrombosed and occluded, there is
no circulation at all in the thrombosed capillaries
and fine vessels in the ONH for many days at the
least. Thus, in pNAION the circulatory situation is
exactly like that seen in arteritic AION – this is further confirmed by the optic disc and other findings
in pNAION (see below). The site and type of occlusion in this animal model has no similarity to that
seen clinically in human NA-AION.
2. The authors state that in that study [10]: “pNAIONinduced ON edema occurred within 1 day after
induction and resolved over 2 to 3 weeks. The
edema was visible as optic disc swelling and was
similar to the edema in human NAION, as were the
peripapillary retinal hemorrhages that appeared at
about the same time” (citing the paper by Beck
et al. [16]). There are several serious problems with
this statement, including the following:
(a) The paper by Beck et al. [16] contains no such
description.
(b) Optic disc edema: In that study [10], 1 day
after induction of pNAION, the disc was “pale
and + swollen”. This is a classical finding of
arteritic AION [23, 24] but NEVER present in
typical human NA-AION. The presence of pale
optic disc edema 1 day after induction of
pNAION is a definite manifestation of severe
ischemia caused by thrombosis of “small vessels on the optic disc” (see above). Our study
has shown that the more extensive the ONH
ischemic damage, the faster the resolution of
optic disc edema [3]. That is why, in my studies,

there was faster resolution of optic disc edema
in arteritic AION than in NA-AION. Therefore,
the argument by the authors [10] that the fast
resolution of optic edema in pNAION compared to that in the human NAION was related
to difference in life span is not valid.
(c) Peripapillary retinal hemorrhages: In that
study [10], there were marked amounts of peripapillary retinal hemorrhages in pNAION,
which is the result of thrombotic occlusion of
the small retinal veins in the surface layer of
the optic disc (Fig. 18.3), produced by their
technique. That is not seen in typical human
NA-AION except in diabetics [26].
(d) Fluorescein fundus angiographic findings:
According to Chen et al. [10], “leakage of fluorescein dye from optic disc vessels within 1 day
after induction” was evidence that they had produced NA-AION similar to that seen in the
human. However, it is well-established that optic
disc staining due to leakage of fluorescein from
the optic disc vessels is a universal, non-specific
finding of optic disc edema due to any cause,
and has no diagnostic importance whatsoever.
(e) Histopathological studies: It is well known
that optic nerve fiber damage in ONH from any
cause results in secondary development of
optic disc pallor, loss of retinal ganglion cells
and “disruption of normal architecture” in the
optic nerve on histopathology. Similar histopathological changes were seen when I experimentally produced AION [2], resembling
arteritic AION (Fig. 18.2). Knox et al. [27] in
their mixture of arteritic and non-arteritic
AION cases, had similar findings. Thus, the
histopathological studies of Chen et al. [10] do
not lend any support to the contention that their
animal model actually represents the human
NA-AION.
In the light of all the evidence, the conclusion by Chen
et al. [10] that “The model is clinically, angiographically, electrophysiologically, and histopathologically
similar to human NAION” is not valid. It simply represents, rather, a model of ONH damage caused by severe
ischemic insult to the surface layer of the optic disc
and adjacent part of the ONH (Fig.18.3), totally different in nature from the human NA-AION, but more like
arteritic AION. Studies based on such a model have
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the potential to introduce misleading information on
human NA-AION and even harm patients.
The following is a summary of some of the main
responses from Bernstein [28] to my comments given
above [13]. He rightly stated that: “The new models
allow us, for the first time, to measure precisely the
effect of sudden, isolated axonal ischemia in vivo on
retinal ganglion cells, total retina, and optic nerve. The
models have opened up new avenues of research into
inflammatory and vascular responses to NAION.” In
spite of their earlier conclusion that “The pNAION
model of ON damage resembled human NAION clinically, angiographically, electrophysiologically, and
histologically”, he now stated: “We have never stated
nor claimed that our new models of NAION are absolutely identical with the human disease.” However, he
contended that: “By focusing only on whether or not
“this model” or “that model” are the “true model” of
NAION, he (Hayreh) ignores exciting new findings
and relevant data obtainable from multiple approaches”.
I disagree with him here; to apply findings from an
animal model that is not truly valid for the human
NA-AION can be misleading and has the potential to
introduce misinformation which can do more harm
than good in the long run. Their model resembles arteritic AION and NOT NA-AION – the two differ in
many ways in their pathophysiology, clinical features
and management. According to Bernstein [28], my
statement that “only during the very early phase of
[fluorescein] dye filling in the fundus [provides information about NAION] . . . after that the information is
lost.” is not correct, and he goes on to state: “Who
determined that absolute limit?” My “absolute limit” is
based on fluorescein angiography results from over a
thousand eyes with NA-AION and that has stood the
test of time.
Bernstein [28] states: “Dr. Hayreh makes a number
of additional absolute statements in his critique. We
would hope that he is not making these statements to
suppress additional experimentation or to support the
validity only of a particular approach. Although there
are merits to his AAION model, they have not proven
sufficient to explain many of the mechanisms or
responses in NAION or to suggest new treatments for
patients with this currently untreatable disorder.” I
have always been an enthusiastic supporter of new
avenues of research, so long as they do not claim to do
or be more than they are. The field of medicine is full
of such wrecks. An honest and candid criticism is in
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the best interest of Science, and provides checks and
balances. I agree with his comments that: “there are no
easy or complete answers to the in vivo study of
NAION. Complete elucidation of the advantages and
disadvantages of these models, their mechanisms and
their contribution to the study of NAION will require
multiple investigators, in multiple labs, years of effort
to achieve.” However, I have good reasons to doubt
their claim that their animal models will provide information about NA-AION and to fear that they may lead
us in the wrong direction. His comment that NA-AION
is a “currently untreatable disorder” is not correct;
once again our large, prospective study [31] has shown
that treating NA-AION eyes during the acute phase
with high-dose systemic corticosteroids results in a
significantly higher probability of improvement in
visual acuity (p = 0.001) and visual fields (p = 0.005),
compared to an untreated group (see Chap. 17).
Cioffi [32] has produced chronic localized ischemia
of the anterior part of the optic nerve in primates by
delivering endothelin-1 to the retrobulbar space. He
concluded; “Chronic optic nerve ischemia causes
demonstrable and localized damage of the optic nerve,
without intraocular pressure elevation. There is preferential loss of large retinal ganglion cell axons in animals with significant axonal loss. Ischemia-induced
focal axonal loss is similar to human glaucoma and
may represent a differential regional vulnerability.”
However, that animal model is designed to study glaucomatous optic neuropathy and is not relevant to the
clinically seen human NA-AION.

Conclusion
Unfortunately, we do not have as yet an animal model
exactly duplicating the NA-AION seen in the human,
in spite of claims made to that effect.

References
1. Hayreh SS. Blood supply of the optic nerve head and its role
in optic atrophy, glaucoma, and oedema of the optic disc. Br
J Ophthalmol. 1969;53(11):721–48.
2. Hayreh SS, Baines JA. Occlusion of the posterior ciliary
artery. III. Effects on the optic nerve head. Br J Ophthalmol.
1972;56(10):754–64.

424

18

Animal Model of Non-arteritic Anterior Ischemic Optic Neuropathy

3. Hayreh SS, Zimmerman MB. Optic disc edema in non-arteritic anterior ischemic optic neuropathy. Graefes Arch Clin
Exp Ophthalmol. 2007;245(8):1107–21.
4. Bernstein SL, Guo Y, Kelman SE, Flower RW, Johnson MA.
Functional and cellular responses in a novel rodent model of
anterior ischemic optic neuropathy. Invest Ophthalmol Vis
Sci. 2003;44:4153–62.
5. Goldenberg-Cohen N, Guo Y, Margolis F, Cohen Y, Miller
NR, Bernstein SL. Oligodendrocyte dysfunction after induction of experimental anterior optic nerve ischemia. Invest
Ophthalmol Vis Sci. 2005;46(8):2716–25.
6. Bernstein SL, Guo Y, Slater BJ, Puche A, Kelman SE.
Neuron stress and loss following rodent anterior ischemic
optic neuropathy in double-reporter transgenic mice. Invest
Ophthalmol Vis Sci. 2007;48(5):2304–10.
7. Zhang C, Guo Y, Miller NR, Bernstein SL. Optic nerve
infarction and post-ischemic inflammation in the rodent
model of anterior ischemic optic neuropathy (rAION). Brain
Res. 2009;1264:67–75.
8. Zhang C, Guo Y, Slater BJ, Miller NR, Bernstein SL. Axonal
degeneration, regeneration and ganglion cell death in a
rodent model of anterior ischemic optic neuropathy (rAION).
Exp Eye Res. 2010;91(2):286–92.
9. Slater BJ, Mehrabian Z, Guo Y, Hunter A, Bernstein SL.
Rodent anterior ischemic optic neuropathy (rAION) induces
regional retinal ganglion cell apoptosis with a unique temporal pattern. Invest Ophthalmol Vis Sci. 2008;49(8):3671–6.
10. Chen CS, Johnson MA, Flower RA, Slater BJ, Miller NR,
Bernstein SL. A primate model of nonarteritic anterior ischemic optic neuropathy. Invest Ophthalmol Vis Sci.
2008;49(7):2985–92.
11. Danylkova NO, Alcala SR, Pomeranz HD, McLoon LK.
Neuroprotective effects of brimonidine treatment in a rodent
model of ischemic optic neuropathy. Exp Eye Res.
2007;84(2):293–301.
12. Goldenberg-Cohen N, Dadon-Bar-El S, Hasanreisoglu M,
Avraham-Lubin BC, Dratviman-Storobinsky O, Cohen Y,
et al. Possible neuroprotective effect of brimonidine in a
mouse model of ischaemic optic neuropathy. Clin Exp
Ophthalmol. 2009;37(7):718–29.
13. Hayreh SS. A primate model of nonarteritic anterior
ischemic optic neuropathy. (Correspondence) Invest
Ophthalmol Vis Sci. http://www.iovs.org/cgi/eletters/49/7/
2985#7919.
14. Levin LA, Louhab A. Apoptosis of retinal ganglion cells in
anterior ischemic optic neuropathy. Arch Ophthalmol. 1996;
114(4):488–91.
15. Tesser RA, Niendorf ER, Levin LA. The morphology of an
infarct in nonarteritic anterior ischemic optic neuropathy.
Ophthalmology. 2003;110(10):2031–5.
16. Beck RW, Servais GE, Hayreh SS. Anterior ischemic optic
neuropathy. IX. Cup-to-disc ratio and its role in pathogenesis. Ophthalmology. 1987;94(11):1503–8.

17. Hayreh SS. Inter-individual variation in blood supply of the
optic nerve head. Its importance in various ischemic disorders
of the optic nerve head, and glaucoma, low-tension glaucoma
and allied disorders. Doc Ophthalmol. 1985;59:217–46.
18. Hayreh SS. Acute ischemic disorders of the optic nerve:
pathogenesis, clinical manifestations and management.
Ophthalmol Clin North Am. 1996;9:407–42.
19. Arnold AC, Hepler RS. Fluorescein angiography in acute
nonarteritic anterior ischemic optic neuropathy. Am J
Ophthalmol. 1994;117:222–30.
20. Arnold AC, Badr MA, Hepler RS. Fluorescein angiography
in nonischemic optic disc edema. Arch Ophthalmol.
1996;114:293–8.
21. Bernstein SL, Kelman SE, Miller NR. Animal model for
nonarteritic anterior ischemic optic neuropathy. J
Neuroophthalmol. 2008;28:80–1.
22. Hayreh SS. The blood supply of the optic nerve head and the
evaluation of it – myth and reality. Prog Retin Eye Res.
2001;20:563–93.
23. Hayreh SS. Anterior ischaemic optic neuropathy II. Fundus
on ophthalmoscopy and fluorescein angiography. Br J
Ophthalmol. 1974;58:964–80.
24. Hayreh SS, Podhajsky PA, Zimmerman B. Ocular manifestations of giant cell arteritis. Am J Ophthalmol. 1998;125:
509–20.
25. Hayreh SS, Podhajsky PA, Zimmerman B. Non-arteritic
anterior ischemic optic neuropathy – time of onset of visual
loss. Am J Ophthalmol. 1997;124:641–7.
26. Hayreh SS, Zimmerman MB. Non-arteritic anterior ischemic optic neuropathy: clinical characteristics in diabetics
versus non-diabetics. Ophthalmology. 2008;115(10):1818–
25. Epub 2008 May 27.
27. Knox DL, Kerrison JB, Green WR. Histopathologic studies
of ischemic optic neuropathy. Trans Am Ophthalmol Soc.
2000;98:203–20.
28. Bernstein S. A primate model of nonarteritic anterior ischemic
optic neuropathy. (Correspondence) Invest Ophthalmol Vis
Sci. http://www.iovs.org/cgi/eletters/49/7/2985#7919.
29. Hayreh SS. Anterior ischemic optic neuropathy. New York:
Springer; 1975.
30. Hayreh SS. Anatomy and physiology of the optic nerve
head. Trans Am Acad Ophthalmol Otolaryngol. 1974;78:
OP240–54.
31. Hayreh SS, Zimmerman MB. Non-arteritic anterior ischemic
optic neuropathy: role of systemic corticosteroid therapy.
Graefes Arch Clin Exp Ophthalmol. 2008;246:1029–46.
32. Cioffi GA. Ischemic model of optic nerve injury. Trans Am
Ophthalmol Soc. 2005;103:592–613.
For a complete bibliography and detailed review of previously
published studies in the literature on the subject, please refer to
bibliography in previous publications listed here.

Classification and Incidence of Posterior
Ischemic Optic Neuropathy

I was the first to describe the clinical entity of posterior
ischemic optic neuropathy (PION) in 1981 [1], based
on my studies on the blood supply of the optic nerve
(see Chap. 3) and clinical studies of ischemic optic
neuropathies. It is very distinct from anterior ischemic
optic neuropathy pathogenetically and clinically (see
Chaps. 14 and 16). Since then, an extensive literature
has accumulated on PION. More recently, I [2] published a detailed account of its clinical features, pathogenesis, and management, based on a detailed study of
53 consecutive eyes with PION seen in my clinic.
Etiologically, PION is not one clinical entity; therefore, it is important to classify it into its various types
for a full understanding of their pathogeneses and
management, discussed in the subsequent chapters.

Classification of PION
Etiologically, it can be classified into the following
three types:
1. Arteritic PION: is due to giant cell arteritis.
2. Non-arteritic PION: is due to various causes other
than giant cell arteritis.
3. Surgical PION: is attributable to a surgical procedure. This has also been called “postoperative” [3]
or “perioperative” [4]. I prefer the term “surgical
PION” [2, 5] because it is more inclusive.

Incidence of PION
When I first described PION as a distinct clinical entity,
I stressed that it is a diagnosis of exclusion [1].Since the
diagnosis of PION, and especially non-arteritic PION,
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is usually hard to make with certainty, it is difficult to
ascertain its true incidence. In the literature, information on the incidence of PION consists almost entirely
of anecdotal reports of one or two patients, except for
three studies; (1) by Isayama et al. [6] in 14 patients, (2)
by Sadda et al. [4] in 72 patients, and (3) my study [2]
in 43 patients (53 eyes). As far as I can judge, all the
cases in Isayama et al.’s [2] series had non-arteritic
PION. Among the 72 patients in Sadda et al.’s [4] series,
53% had non-arteritic, 8% arteritic and 39% surgical
PION. In my series [2] of 43 patients (53 eyes), 65%
had non-arteritic, 28% arteritic and 7% surgical PION.
The clinical findings in any PION study depend upon
not only the number of patients with the different types
of PION but also on the study design and the referral
pattern. For example, my study [2] and Sadda et al.’s [4]
have some fundamental differences, and consequently
very different findings. In my study [2], all patients
were referred by ophthalmologists from Iowa and adjacent parts of other states in the United States; the data
from all the patients was collected systematically by
me, in a uniform manner and to a uniform standard.
Also there were only a few surgical PION cases in my
series, because they were all local patients. The study
by Sadda et al. [4], by contrast, was a retrospective,
multicenter chart review study of 72 patients with
PION, with some of the data obtained from examination by the referring ophthalmologists (which the
authors state were “often incomplete”), and follow-up
information for patients who did not return for followup obtained from a review of medical records of “other
physicians”, or from “the closest living relative if the
patients was deceased”. Since my study was based on
consecutive patients, seen by one observer and in one
clinic – part of a large University of Iowa Hospitals and
Clinics complex – it probably reflects more closely the
real frequency of the various types of PION.
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Pathogenesis of Posterior Ischemic
Optic Neuropathy

Posterior ischemic optic neuropathy (PION) is due to
acute ischemia of the posterior part of the optic nerve.
For a logical understanding of the pathogenesis of PION,
it is essential to have a thorough knowledge of (a) the
blood supply of the posterior part of the optic nerve, (b)
histopathological findings in PION and (c) risk factors.

the pathogenesis of PION. For descriptive purposes, the
posterior part of the optic nerve can be divided into
intraorbital, intracanalicular and intracranial parts.

Intraorbital Part

Blood Supply of the Posterior Part
of the Optic Nerve

This is further subdivided by point of entry of the central retinal artery in the optic nerve into (a) anterior and
(b) posterior segments (Fig. 20.1).

This is discussed at length in Chap. 3. However, a brief
description of the blood supply of the posterior part of the
optic nerve is essential here to make it easy to understand

(a) Anterior Segment
This is between the optic nerve head and the site of
entry of the central retinal artery into the nerve.
This part has two vascular systems for its supply.

C
R

Col. Br.

S
PCA

D

A

Pia

ON
PR
LC
SAS
CRA

PCA

Fig. 20.1 Schematic representation of blood supply of the optic
nerve. A = arachnoid; C = choroid; CRA = central retinal artery;
Col. Br. = Collateral branches supplying the optic nerve pial plexus;
CRV = central retinal vein; D = dura; LC = lamina cribrosa; ON =

CRV

optic nerve; PCA = posterior ciliary artery; PR = prelaminar region;
R = retina; S = sclera; SAS = subarachnoid space (modified from
Hayreh [1])
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(i)	A peripheral centripetal vascular system is
present in all cases and consists of the pial vascular plexus, supplied by multiple pial branches
originating from the peripapillary choroid,
circle of Haller and Zinn, central retinal artery,
ophthalmic artery and other orbital arteries
[2–7] (Figs. 20.1–20.3).
(ii)	An axial centrifugal vascular system is present in 75% of the nerves, supplied by 1–8
intraneural branches of the central retinal artery
[2, 3, 6] (Figs. 20.1 and 20.3).

Pathogenesis of Posterior Ischemic Optic Neuropathy

(b) Posterior Segment
This is primarily supplied by the peripheral centripetal vascular system formed by the pial vascular plexus, supplied by multiple small collateral
arteries usually arising directly from the ophthalmic artery and less often from other orbital arteries
[5] (Figs. 20.1 and 20.2). In about 10% of the optic
nerves there may be an axial centrifugal vascular
system extending backward for a variable distance,
formed by intraneural branches of the central retinal artery [2, 3, 6, 8] (Fig. 20.3).

Intracanalicular Part
era

Scl

MPCA
Col. Br.
Med. Mus.

Rec. Br. CZ

CZ

LPCA
Col. Br.
CAR
OA

Col. Br.

Col. Br.
Optic Nerve

Ant. Sup.Hyp.
Art.

Optic Canal

This has only the peripheral centripetal system, supplied almost entirely by fine collateral branches from
the ophthalmic artery when it lies under the optic nerve
[5, 7, 8] (Fig. 20.2).
Awai [9] investigated the angioarchitecture of the
monkey intracanalicular optic nerve. The vascular
architecture consisted of branches from the ophthalmic
artery. Some branches derived from the “chiasmal” part
of the ophthalmic artery, some from its intracanalicular
part, and others from its intraorbital part. On the surface of the intracanalicular optic nerve and in its inner
portion, the vascular distribution was sparse. A clear
pial plexus was not observed. However, it was ascertained that there existed a few anastomoses between the
branches from the ophthalmic artery on the surface of
the optic nerve, and between the intraneural branches
within the optic nerve: no end artery appeared to exist.

Col. Br.

Intracranial Part
ICA

Optic Chiasma
Optic Tract

Fig. 20.2 Diagrammatic representation of origin, course and
branches of ophthalmic artery, as seen from above. Ant. Sup.
Hyp. Art. = anterior superior hypophyseal artery; CAR = central
retinal artery; Col. Br. = Collateral branches supplying the optic
nerve pial plexus; CZ = circle of Zinn and Haller; ICA = internal
carotid artery; LPCA = lateral posterior ciliary artery; Med.
Mus. = medial muscular artery; MPCA = medial posterior ciliary artery; OA = ophthalmic artery; Rec. Br. CZ = recurrent pial
branches from peripapillary choroid/CZ (Reproduced from
Hayreh [6])

This once again has only a pial vascular plexus, supplied by a variable and inconsistent number of fine
branches coming from various surrounding arteries,
including the anterior superior hypophyseal, anterior
cerebral, anterior communicating and ophthalmic
arteries [7, 8, 10] (Fig. 20.2).

Histopathological Findings in PION
There are several histopathological reports on PION
[11–15]. Each is based on evaluation of only one
patient, except that of Isayama and Takahashi [11]

Histopathological Findings in PION
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Fig. 20.3 Diagram (based on camera lucida drawings) showing
one of the intraneural branches of the central retinal artery running
backward in the axial part of the optic nerve posterior to the central
retinal artery. From one of the specimens in my anatomical study on

the central retinal artery in humans. CRA = central retinal artery;
CZ = circle of Zinn and Haller; PCA = posterior ciliary artery (From
Hayreh [2])

which is based on 12 cases. They [11] found that the
ischemic lesions were located in the transverse, peripheral, altitudinal or axial areas of the optic nerve.
Schobel et al. [15] found complete loss of axons in the
right nerve in their patient with bilateral PION, whereas
the central portion of the nerve fiber of the left nerve
was intact, with complete loss of axons in the peripheral part. In contrast to that, Weinstein et al. [12] in
their case with PION found that transverse sections
through 17 mm behind the eyeball showed only patchy
necrosis, most prominent centrally, with relative sparing of the peripheral part. In the remaining reports
infarction of the entire optic nerve was found.

of tunnel-like central vision (see Chap. 21). These variations in the optic nerve involvement in PION depend
upon its blood supply pattern, particularly with respect
to the role of the central retinal artery (see above). If the
entire blood supply is by centripetal branches from the
pial plexus, then the central part is the most distal part of
supply by the terminal capillaries of these branches
(Fig. 20.1). The terminal capillary bed is most vulnerable to hypoperfusion and ischemia – in the German literature this phenomenon has been aptly named
wipfeldüre, which literally means withering away of the
outermost twigs of a tree because nutrition is not reaching them. This makes the central part of the posterior
optic nerve a watershed zone, rendering it more vulnerable to ischemia than the more peripheral part. On the
other hand, when the posterior part of the optic nerve
has a centrifugal vascular system supplied by the central
retinal artery (Fig. 20.3) and the circulation in the central retinal artery is not yet compromised because of
blood flow autoregulation, that may prevent ischemic
damage to the central part of the nerve, although the
peripheral part supplied by the fine pial capillary plexus
with low pressure is damaged.
It is well-established that AION is due to ischemia
of the optic nerve head region supplied by the posterior
ciliary artery. However, as is evident from the description above, the posterior part of the optic nerve is supplied by multiple branches arising from multiple

Why Is the Peripheral Part of the Optic
Nerve Sometimes Spared in PION, and
Sometimes the Central Part of the Nerve?
Histopathological studies in PION have shown that in
some nerves infarction involves the entire thickness of
the nerve, in others only the central part, in still others
only the peripheral part [11–15]. Similarly, clinically an
eye with PION may be totally blind, or may show mostly
central visual field loss, or there may be a marked generalized constriction of the visual field with preservation
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sources [3–7] (Fig. 20.2). Therefore, PION, unlike
AION, does not represent an ischemic disorder of any
one known artery and does not have any specific location in the posterior part of the optic nerve. Any localized segment or part of the posterior optic nerve may
be involved. Thus, pathogenetically and clinically
AION and PION are very different disease entities, and
it is unfortunate that ophthalmologists and neurologists
lump them together as “ischemic optic neuropathy”.

Pathogeneses of Various Types of PION
Arteritic PION
This is due to giant cell arteritis (GCA); a number of
cases with this type of PION have been reported in the
literature [15–18]. In the older literature they were
called “retrobulbar optic neuritis” due to GCA [16].
Although the most common artery involved by GCA is
the posterior ciliary artery, resulting in the development
of arteritic AION, GCA can sometimes also involve the
ophthalmic artery or its other orbital branches. Arteritic
PION must be due to involvement of one or more of the
collateral branches supplying the posterior part of the
optic nerve (Fig. 20.2). Arteritic PION is much less
common than arteritic AION. For example, in our study
of 123 eyes with visual loss due to GCA, arteritic AION
was seen in 94 eyes and arteritic PION in only 7 [18].

Non-arteritic PION
Non-arteritic PION, like non-arteritic AION (see Chap.
14), is a multifactorial disease. Therefore, one has to
look into the various risk factors which can possibly
play a role in its development.

Systemic Risk Factors
An association between non-arteritic PION and a variety
of systemic diseases has been reported in the literature,
mostly in anecdotal case reports. These diseases include
diabetes mellitus [11, 19–21], arterial hypertension [11,
19, 22], arteriosclerosis [11, 19], atherosclerosis [19,
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22], and marked arterial hypotension [19]. There are
anecdotal case reports of non-arteritic PION associated
with migraine [23–25], systemic lupus erythematosus
[17, 26], polyarteritis nodosa [27, 28], Wegener’s granulomatosis [29], carotid artery stenosis or occlusion [11,
22], carotid artery dissection [30–32], pulseless disease
[33], rupture of intracranial aneurysm [12, 34], extradural hematoma [35], subdural hematoma [36], posterior-draining dural cavernous sinus fistula [37], head
injury [11], endoscopic sinus surgery [38], emboli [11],
aplastic anemia [11], sickle cell SS disease [39], hemodialysis [40], chronic renal-failure [41], following use of
sildenafil [42], following correction of malignant hypertension [43] and following aspergillus fumigatus infection [12]. Sadda et al. [24] found a variety of associated
systemic diseases in their series of non-arteritic PION
patients.
Systemic diseases seen in my series [44] of 28
patients with non-arteritic PION were as follows: arterial hypertension (13 patients), diabetes mellitus (6),
ischemic heart disease (7), other cardiac diseases
(including valvular disease, atrial fibrillation, patent
foramen ovale, congestive heart failure and echocardiographic abnormalities, in 6), arterial hypotension (3
– orthostatic in one), thyroid disease (3), rheumatologic diseases (3: 2 of them had systemic lupus erythematosus), cerebrovascular accidents (5), carotid artery
disease (stenosis and/or plaque in 9), peripheral vascular disease (1), vasospastic diseases (migraine in 4 and
Raynaud’s disease in 1), gastrointestinal ulcer (4), and
hypercholesterolemia (11). Nine patients were smokers (34 ± 15 pack years). Magnetic resonance imaging
and/or computer tomography was done in 16 patients
to rule out any other cause of visual loss. Eight had
temporal artery biopsy to rule out GCA. When the
prevalence of major systemic diseases in non-arteritic
PION patients of my study [44] was compared with
those expected in the age-matched control population
in the US Caucasian population, it showed a significantly higher prevalence of arterial hypertension
(p = 0.022), ischemic heart disease (p = 0.026), cerebrovascular disease (p = 0.006), carotid artery and
peripheral vascular disease (p < 0.0001), diabetes mellitus (p = 0.014), migraine (p = 0.039) and gastrointestinal ulcers (p = 0.011) in the non-arteritic PION patients.
This association does not necessarily mean there is a
cause-and-effect relationship to non-arteritic PION,
although those diseases may constitute risk factors for
the development of non-arteritic PION. However, there
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are some cases where one can find a causal relationship. For example, four of my patients developed nonarteritic PION following an attack of migraine; some
patients with severe nocturnal arterial hypotension
woke up with visual loss due to non-arteritic PION;
severe arterial hypotension in association with a surgical procedure (see below) or hemodialysis can result in
non-arteritic PION; and one of my patients developed
non-arteritic PION only on the side with 100% occlusion of the internal carotid artery.
In my study [44] erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) levels were evaluated in all patients. Patients with non-arteritic PION, had
a median ESR of 25 (Range 1–89) mm/h, and for CRP
all had <0.5 mg/dl, except for two (1.1 mg in one and
10.6 mg in another due to recent myocardial infarction
and congestive heart failure – in both the temporal artery
biopsy was negative). In patients with arteritic PION, by
comparison, the median ESR was 90.5 (range 13–130)
mm/h, and median CRP 4.75 (Range 1.5–12.2) mg/dl.
Thus, non-arteritic PION, like non-arteritic AION
[45, 46] (see Chap. 14) is associated with multiple systemic diseases. This suggests that the disease is multifactorial in nature, with a variety of systemic diseases
(see above) and other vascular risk factors predisposing a person to PION.
Local Risk Factors in the Optic Nerve
There may be local risk factors in the optic nerve predisposing an optic nerve to develop non-arteritic PION.
For example, the vascular pattern of the posterior part
of the optic nerve, and changes in the arteries supplying this part of the optic nerve, such as arteriosclerosis,
atherosclerosis, spasm, compression and defective
autoregulation of the optic nerve blood flow, may play
a role. Some of these are considered later in the discussion dealing with pathogenesis of various types of
visual field defects.
Finally, one or the other of the risk factors may act
as the precipitating factor (“last straw”) to produce
non-arteritic PION.

Surgical PION
This entity has also been called “postoperative” [47] or
“perioperative” [24]. I have used the term “surgical
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PION” [44, 48] because it is more inclusive. Surgical
PION tends to cause bilateral, massive visual loss or
even complete blindness which is usually permanent;
therefore, as well as being tragic for the patient, it has
great medicolegal importance. A large number (mostly
anecdotal) of surgical PION case reports have appeared
in the literature, almost invariably associated with prolonged systemic surgical procedures for a variety of
conditions, including spinal and other orthopedic surgical procedures [44, 49–54], radical neck dissection
[13–15, 55–60], venous graft in extremities [61, 62],
coronary artery bypass [63], hip surgery [63], nasal
surgery [64, 65], thoracotomy for hemothorax [58],
penetrating thoracoabdominal injury [66], breast augmentation and abdominal liposuction [67], and prostatectomy [68]; also it has been reported following
cataract surgery [44, 69], eyelid blepharoplasty [70],
strabismus surgery [71], and orbital surgery [44].
Sadda et al. [24] reported 28 patients following a variety of procedures.
Several reviews have dealt with surgical PION.
Dunker et al. [59], in a study of 46 surgical PION
cases reported in the literature and 7 by them, concluded that patients undergoing spinal surgery with
prolonged intraoperative hypotension and postoperative anemia and facial swelling are at risk of developing PION from hypovolemic hypotension. Gill and
Heavner [72], based on seven studies representing 102
cases with postoperative visual loss associated with
spinal surgery, reviewed age, sex, comorbidities, diagnosis, operative time, blood loss, systolic blood pressure, lowest hematocrit, and visual deficits and
improvement. Ischemic optic neuropathy, especially
surgical PION, was the most common diagnosis found
in the studies. “The average age of the patients ranged
from 46.5 years to 53.3 years with the majority having
at least one comorbidity. Operative time ranged on
average from 385 min to 410 min with a median in
one case series of 480 min, average blood loss ranged
from 3.5 to 4.3 l and no visual improvement was seen
in the majority of the cases. Patients with a large
amount of blood loss producing hypotension and anemia along with prolonged operative times may be at a
greater risk in developing visual disturbances. An
acute anemic state may have an additive or synergistic
effect with other factors (medical comorbidities) leading to visual disturbances.” However, their study failed
to provide definitive causative factors for postoperative visual loss.
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Pathogenesis of Surgical PION
For a logical understanding of this, one has to consider
the main risk factors responsible for that. These include
the following:
1. Severe and Prolonged Arterial Hypotension: This
is due to prolonged general anesthesia, surgical
trauma and massive blood loss. Some orthopedic
surgeons deliberately produce arterial hypotension
during surgery to reduce bleeding.
2. Hemodilution and Anemia: This is from administration of a large amount of intravenous fluids to
compensate for the blood loss.
3. Raised Intraorbital Venous Pressure: This is due to
orbital and periorbital edema, chemosis, and rarely
even direct orbital compression by prone position.
During spinal surgery the Trendelenburg position is
often used, which can further contribute to increased
orbital venous pressure and edema. Cheng et al. [73]
found that prone position during anesthesia increases
intraocular pressure, which is most likely a reflection of the increased orbital venous pressure. An
increase in orbital venous pressure may also be the
result of radical neck dissection. One of my patients
with surgical PION developed it following the
development of marked orbital edema after surgical
repair of an orbital floor fracture.
4. Systemic
Cardiovascular
Disease
and
Autoregulatory Dysfunction: These must make
these patients more susceptible to surgical PION.
5. Compression of the Capillary Pial Plexus of the
Optic Nerve: In some cases raised orbital pressure
may directly cause this.
Based on the available evidence, I postulated the following pathogenesis of surgical PION [44]: It develops
due to decreased blood flow in the posterior part of the
optic nerve. Normally, blood flow depends upon the
perfusion pressure, which depends upon the difference
between the arterial and venous pressures. A fall of perfusion pressure is caused by the following mechanism:
(a) Rise of Orbital Venous Pressure
This is caused by the following sequence of events:
marked orbital edema → increased intraorbital pressure → increased orbital venous pressure. The
Trendelenburg position may also contribute to that. In
radical neck dissection, ligation of the jugular veins
can result in raised orbital venous pressure. Dilated
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superior ophthalmic vein has been reported in the
immediate postoperative period in surgical PION after
prolonged, prone position lumbar laminectomy, suggesting an increase in orbital venous pressure during
surgery [74].
(b)	  Arterial Hypotension
In these surgical PION patients, a fall of arterial blood
pressure is well-documented. Some anesthesiologists
give vasopressor agents to increase blood pressure in
patients with arterial hypotension during surgery; that
can be dangerous, because these agents increase blood
pressure by constricting the terminal arterioles.
Constriction of the terminal arterioles has a paradoxical effect – proximal to the arterioles there is increased
blood pressure (which gives a false sense of security)
but distal to the terminal arterioles (due to constriction
of the arterioles) there is marked reduction of blood
flow in the capillary bed, resulting in ischemic damage. Moreover, these agents can also directly cause
vasoconstriction in the optic nerve, making it more
susceptible to ischemic damage.
Increased orbital venous pressure by the above
mechanism(s), along with simultaneous arterial
hypotension, is a dangerous combination, resulting in
a fall of perfusion pressure (arterial pressure minus
venous pressure) and consequently reduced blood flow
to the optic nerve and ischemia. The presence of other
risk factors discussed above may also contribute.
Several authors have equated visual loss due to
surgical PION to that seen in patients with post-hemorrhagic amaurosis, i.e. visual loss after recurrent
systemic hemorrhages [75] (this is fully discussed in
Chap. 15). The two are actually very different in
nature because, in post-hemorrhagic amaurosis, visual
loss develops: (a) hours, days or even weeks after systemic bleeding, (b) very rarely after a single hemorrhage, (c) when hemoglobin and blood pressure may
be within normal limits, and (d) usually during sleep;
or it may worsen during sleep [75]. To explain posthemorrhagic amaurosis I [75] postulated that release
of angiotensin and other endogenous vasoconstrictor
agents (secondary to recurrent massive systemic hemorrhage, with or without arterial hypotension) is most
probably a major factor, with arterial hypotension
being an additional important risk factor, and possibly increased platelet aggregation. Although posthemorrhagic amaurosis and surgical PION are not
identical clinically, they may share these factors in
their pathogeneses.

Why Is PION Much Less Common Than AION?

Pathogenesis of Various Types of Visual
Field Defects Seen in PION
The various types of visual field defects seen in PION
are described in the chapter dealing with the clinical
findings in PION (Chap. 21). To understand their
pathogenesis, it is essential to have a full understanding of (a) the arrangement of the optic nerve fibers in
the posterior part of the optic nerve (discussed in
Chap. 2) and (b) its vascular pattern (see above and
Chap. 3).
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the preservation of a tunnel-like central field in PION
patients, in spite of loss of the peripheral visual field
(see Chap. 21).
Since each collateral branch supplies a localized
area of variable size in the posterior optic nerve
(Figs. 20.1 and 20.2), occlusion of different collaterals
can result in a variety of visual field defects, depending
upon their area of supply and the origin of the optic
nerve fibers from the retina in that region. Isayama and
Takahashi [11] in their histopathological study in
PION found that the ischemic lesions could be located
in the transverse, peripheral, altitudinal or axial areas
of the nerve. That would explain the different types of
visual field defects seen in PION.

Arrangement of the Optic Nerve Fibers
in the Optic Nerve
Why Is PION Much Less Common
This is discussed fully in Chap. 2. They rearrange Than AION?
themselves as they travel posteriorly in the optic nerve;
for example, the macular fibers lie in the temporal part
of the optic nerve head but lie in the central part of the
optic nerve posteriorly [76]. Hoyt and Luis [77] found
in the Java monkey, however, that the macular fibers
mix freely with those from the peripheral retina and in
no portion of the optic nerve except the distal optic
nerve are they confined exclusively to a single area or
“bundle”. The implication of this is that segmental
ischemia of the optic nerve head is likely to produce a
visual field defect very different from that produced by
segmental ischemia in the posterior part of the optic
nerve.

Since 1973, I have seen about 1,350 patients with nonarteritic AION and more than 150 with arteritic AION
in my Ocular Vascular Clinic. We know that both types
of AION are due to ischemia of the optic nerve head.
During the same period, on the other hand, I have seen
only about 50 patients with definite PION. This may
be due to the very different nature of the blood supply
and blood flow of the optic nerve head compared to
that of the posterior part of the optic nerve (Fig. 20.1),
as is evident from the following:

Nature of the Blood Supply
Vascular Pattern of the Posterior Part
of the Optic Nerve
As discussed above, the axial region in the posterior
part of the optic nerve is a usually a watershed zone,
which makes it more susceptible to ischemic damage
than the peripheral part. That may explain the common
occurrence of a central visual field defect in PION (see
Chap. 21). In about 10% of the nerves, by contrast, the
axial region of the posterior part of the optic nerve is
supplied by an intraneural branch of the central retinal
artery [2, 3] (Fig. 20.3), and that helps to protect the
axial region from ischemic damage; that may explain

The optic nerve head is supplied by the posterior ciliary artery circulation which is an end-arterial system
without any anastomoses with surrounding arteries
[78, 79]. The posterior part of the optic nerve is supplied by the continuous pial vascular plexus, which is
not an end-arterial system because the various collateral branches (Figs. 20.1 and 20.2) supplying it
anastomose freely with one another in the pial plexus
[2, 3, 7]. The anastomoses in the pial plexus may have
a protective influence if one or another collateral
branch alone is involved, which is not the case in the
end-arterial posterior ciliary artery distribution in the
optic nerve head.
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Factors Influencing the Perfusion Pressure
and the Blood Flow
The factors which influence the perfusion pressure
(consequently the blood flow) in the optic nerve head
are different from those in the posterior part of the
optic nerve. In the optic nerve head, perfusion pressure
is equal to the difference between the mean arterial
pressure and the intraocular pressure. On the other
hand, in the posterior part of the optic nerve, the perfusion pressure is equal to the difference between the
mean arterial pressure and the venous pressure, with
intraocular pressure playing no role. Intraocular pressure is always much higher than the orbital venous
pressure. Therefore, with the same level of mean arterial blood pressure, the optic nerve head is more vulnerable to develop lower perfusion pressure than the
posterior part of the optic nerve.
Thus a combination of these and other factors may
make the optic nerve head more vulnerable to ischemic
disorders than the rest of the optic nerve. Moreover
and most importantly, since PION is a diagnosis of
exclusion [17], it is possible that some PION cases
may be misdiagnosed or undiagnosed, giving a false
impression that it is less common than it actually is.
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As mentioned earlier (see Chap. 19), posterior ischemic optic neuropathy (PION) can be classified into
three types: (1) arteritic PION due to giant cell arteritis, (2) non-arteritic PION due to causes other than
giant cell arteritis, and (3) surgical PION attributable
to a surgical procedure. Therefore, their clinical features may show differences.

Visual Acuity

Demographic Characteristics

Visual Field Defects

Clinically, patients with arteritic and non-arteritic
PION typically present with acute, painless visual
loss in one or both eyes, sometimes discovering it
upon waking up in the morning. In some eyes it may
initially be progressive. Patients with surgical PION
usually develop visual loss during a prolonged, major
surgical procedure; they discover it as soon as they
are alert, which may be several days after surgery.
Surgical PION usually tends to cause bilateral massive visual loss or even complete blindness which is
usually permanent [1, 2]. In my series [2] of 43
patients (53 eyes), there was non-arteritic PION in
66% of the eyes, arteritic PION in 26% and surgical
PION in 8%. Non-arteritic PION was seen in 17
women and 11 men (both eyes in 7), arteritic PION in
10 women and 2 men (both eyes in 2), and surgical
PION in 2 women and one man (both eyes in 1). Age
range was 20–90 (median 61.5, interquartile 52–70)
years in non-arteritic PION, 62–83 (median 73.4,
interquartile 71–79) years in arteritic PION, and surgical PION was seen in persons 17, 55 and 82 years
old. Of the 12 patients with arteritic PION, 3 had
occult giant cell arteritis [3] with no systemic symptoms or signs of GCA – but all arteritic PION patients
had a positive temporal artery biopsy.

In PION there are optic nerve-related visual field defects.
Table 21.2 gives details of the types of visual field
defects seen in 45 eyes with PION in my series [2].
This shows that a central visual field defect is the most
common type (Figs. 21.1–21.3) – 84% in non-arteritic
PION and 69% in arteritic PION. However, in contrast to
that, a marked generalized peripheral constriction, with
only a small normal central residual field, was seen in 3
eyes (1 eye with non-arteritic PION and 2 eyes with arteritic PION) (Fig. 21.4). When only a peripheral island
visual field was present, in the 5 non-arteritic PION eyes,
it was in the temporal periphery in 2, inferior temporal
periphery in 1 and inferior nasal periphery in 2; in the 2
arteritic PION eyes it was located in the inferior periphery in 1 and inferior temporal periphery in 1.

This may vary from normal to no light perception
Table 21.1 gives the information of visual acuity in my
series [2] of 53 eyes with PION. Five of the eyes in that
series had also experienced amaurosis fugax before
visual loss (3 of them with arteritic PION).

Comparison of Visual Field
Defects in Non-Arteritic PION
and Non-Arteritic AION
To determine whether the pattern of visual field
defects in non-arteritic AION and PION can help us
to differentiate them, I [2] compared the fields

S.S. Hayreh, Ischemic Optic Neuropathies,
DOI: 10.1007/978-3-642-11852-4_21, © Springer-Verlag Berlin Heidelberg 2011

437

438

21 Clinical Features of Posterior Ischemic Optic Neuropathy

Table 21.1 Visual acuity at the initial visit in the three types of
PION
Non-arteritic
Arteritic
Surgical
Visual acuity
PION
PION
PION

Table 21.2 Visual field defects at the initial visit in arteritic and
non-arteritic PION
Type of visual field defect
Non-arteritic
Arteritic
PION
PION

20/20–20/25

6

4

0

Total eyesa

20/30–20/40

1

2

0

20/50–20/70

3

1

20/80

1

20/200–20/400
Counting
fingers

32

13

Superior altitudinal defect

3

0

0

Inferior altitudinal defect

0

1

0

0

Central scotoma alone

6

3

5

3

0

1

2

14

2

1

Superior nasal paracentral
scotoma
Inferior nasal paracentral
scotoma

1

0

Hand motion

2

0

0

Light perception

2

1

0

Central scotoma with other
field defects

9

2

No light
perception

1

1

3

Centrocecal scotoma alone

5

0

Total eyes

35

14

4

Marked generalized
constriction only with no
central scotoma

1

2

Nasal peripheral loss

1

0

Temporal peripheral loss

2

0

Only peripheral island field
remaining

5

2

Inferior nasal defect

4

2

Superior temporal defect

1

1

Superior nasal defect

2

0

Peripheral constriction with
central defect

3

0

Reproduced from Hayreh [2]

plotted with a Goldmann perimeter (with I-2e, I-4e
and V-4e targets) in the two types of neuropathy in
my clinic.

Visual Field Defects in Non-arteritic AION
I analyzed the data about the pattern of central and
peripheral visual field defects in 312 consecutive eyes
with non-arteritic AION at the initial visit to my clinic
[4]. That study showed an absolute inferior nasal sector defect in 36% of cases in non-arteritic AION; in
contrast to that, absolute inferior altitudinal defects
were seen in only 8% (see Chap. 16). Thus, contrary to
the prevalent impression, an absolute inferior nasal
sector defect is the most common type of visual field
defect in non-arteritic AION rather than an inferior
altitudinal defect. Other types of visual field defect are
much less common. Overall, loss of nasal part of the
visual field is the most common occurrence in nonarteritic AION. This is because: (a) A nasal field defect
(i.e., nasal quadrant + nasal step + nasal vertical) was
seen in 44%; whereas the corresponding temporal field
defect (i.e., temporal quadrant + temporal wedge)
occurred in only 11%. (b) A nasal vertical, almost
hemianopic, visual field defect was seen in 2%, but no
temporal vertical defect was seen in that study. (c) Of

Reproduced from Hayreh [2]
Visual acuity no light perception or too poor to record visual
fields in 3 non-arteritic PION eyes and 1 arteritic PION eye

a

the 16 eyes with only a residual peripheral island field
remaining with V-4e isopter, none was in the nasal
region, but in 14 eyes it was present in the temporal
region.

Visual Field Defects in Non-arteritic PION
These patterns in non-arteritic PION are very different from those in non-arteritic AION, as shown in
Table 21.2 above. When evaluating the visual field
defects in AION and PION and comparing their
prevalence in different published studies, it is important to bear in mind that we cannot compare visual

Comparison of Visual Field Defects in Non-Arteritic PION and Non-Arteritic AION

a

b

c

d
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Fig. 21.1 Four visual fields showing varying sizes and densities
of central scotoma with normal peripheral visual fields in nonarteritic PION. Right eye fields of (a) a 74 year-old woman and

(b) an 87 year-old woman; and (c) and (d) fields in the left and
right eyes respectively of a 52 year-old man. Visual fields plotted
with automated perimeter (Reproduced from Hayreh [2])

field defects plotted with the automated 24° or 30°
perimetry now commonly used with those plotted
with a Goldmann perimeter. This is because, among
other problems, a large inferior scotoma extending
beyond the central 24° or 30° may erroneously be
classified on automated perimetry as an inferior altitudinal defect. I have seen that happen time and
again (Fig. 21.5). This differentiation is important
because eyes with the so-called “inferior altitudinal
defect” on automated perimetry may have perfectly

normal peripheral fields beyond the central 24° or
30° (Fig. 21.5). That has functional importance,
because that field is helpful for the patients’ day to
day navigation. Thus, in conclusion, inferior nasal
or inferior altitudinal field defects are typical of
AION but are rare in PION. Central visual field loss,
by contrast, is the most common type of defect in
PION. Loss of the peripheral field with an intact
central field is far more common in PION than in
non-arteritic AION.
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a

Fig. 21.2 Visual fields of both eyes of a 74 year old woman
with non-arteritic PION. (a) and (b) are visual fields of left and
right eyes respectively, 2 days after the onset of visual loss, with

21 Clinical Features of Posterior Ischemic Optic Neuropathy

b

visual acuity of 20/300 in both eyes. Visual fields plotted with
automated perimeter (Reproduced from Hayreh [2])

Fig. 21.3 Visual field of left eye of an 81 year old man with non-arteritic PION on the day of the visual loss, with visual acuity only
count fingers. Visual fields plotted with automated perimeter (Reproduced from Hayreh [2])

Optic Disc and Fundus Changes
Initially there is no fundus or optic disc abnormality
on ophthalmoscopy and fluorescein fundus angiography. Unlike non-arteritic AION, the optic disc in
non-arteritic PION does not commonly have an
absent cup. The disc usually develops pallor which
is usually more marked in the temporal part. In my

study [2], disc pallor usually developed in 6–8 weeks,
although sometimes it was as soon as only 3–4 weeks,
while in other cases it was over 8 weeks. There
was no evident difference in the optic disc pallor
among the different types of PION. In my study [2],
rarely the optic disc developed cupping in nonarteritic PION; this was also reported by Sonty and
Schwartz [5].

Diagnosis of PION

a

441

b

Fig. 21.4 Visual fields of (a) right and (b) left eyes of a 79 yearold woman with arteritic PION, showing remaining, markedly
constricted central visual fields, with complete loss of peripheral

fields in both eyes. Visual fields plotted with automated perimeter
(Reproduced from Hayreh [2])

The Rest of the Ophthalmic Evaluation

initially a chalky white swelling [6–12] and later on
most optic discs develop cupping [6–15], indistinguishable from that seen in glaucomatous optic neuropathy, except that the disc rim is pale, whereas it is
of normal color in glaucomatous optic neuropathy. In
arteritic AION, fluorescein angiography shows evidence of occlusion of the involved posterior ciliary
artery [6–12], but in arteritic PION there is no abnormality on angiography.

External and slit-lamp evaluation of the anterior segment, intraocular pressure measurements, and ophthalmoscopy reveal no abnormality in these eyes, except
for age-related lens changes, and the presence of relative afferent pupillary defect in the involved eye in
uniocular PION.

Differentiation of Arteritic from
Non-arteritic PION
Unlike arteritic AION, initial ophthalmoscopic and
fluorescein fundus angiographic findings are of no
help to differentiate arteritic from non-arteritic PION,
because in both types they show no abnormality; for
that reason, a diagnosis of giant cell arteritis is essentially based on their systemic symptoms and signs,
and elevated erythrocyte sedimentation rate and
C-reactive protein levels (see Chap. 11). Therefore,
with all PION patients 50 years and older, it is essential to rule out giant cell arteritis. By contrast, ophthalmic findings are valuable in the differentiation of
arteritic from non-arteritic AION [6, 7], as discussed
in Chap. 12, because in arteritic AION usually there is

Diagnosis of PION
Since the diagnosis of PION, and especially nonarteritic PION, is usually hard to make with certainty,
it is difficult to ascertain its true incidence. When I
first described this as a disease entity, I stressed that
PION is a diagnosis of exclusion [16]. It should be
made only after all other possibilities have been
carefully ruled out, e.g., macular and retinal lesions,
non-arteritic AION, retrobulbar optic neuritis, compressive optic neuropathy, other optic disc and optic
nerve lesions, neurological lesions, hysteria, even
malingering, and a host of other lesions. In my study
[2] none of patients showed any evidence of any of
those lesions during follow-up. The findings of my
study [2], as well as those of others [1, 17], indicate
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a

Fig. 21.5 This shows the difference in pattern of visual field
defect revealed by visual fields plotted with an automated perimeter (a) and Goldmann perimeter (b) in an eye with NA-AION.
Inferior paracentral scotoma seen in (b) plotted with Goldmann

perimeter was interpreted in automated perimetry field in (a) as
inferior altitudinal defect. Visual fields plotted with automated
perimeter

References

b
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impression that surgical PION is more common than
it actually is.
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Fig. 21.5 (continued)

that a combination of the following is highly suggestive of PION:
1. Sudden onset of visual deterioration, with or without deterioration of central visual acuity,
2. Optic nerve-related visual field defects in the
involved eye, particularly the two typical types of
visual field defects discussed above [central scotoma with almost normal peripheral field, or loss of
peripheral field with intact central field],
3. The presence of a relative afferent pupillary defect
in the involved eye in patients with a perfectly normal fellow eye,
4. An initially normal optic disc and fundus on
ophthalmoscopy
and
fluorescein
fundus
angiography,
5. No other ocular, orbital or neurological abnormality
to explain the visual loss, and
6. Development of optic disc pallor, usually within
6–8 weeks.
The optic discs in eyes with non-arteritic AION usually have an absent cup (see Chap. 16); this is not the
case in PION.
The diagnosis of surgical PION, on the other
hand, is relatively straightforward; these patients
discover dramatic visual loss as soon as they are alert
enough after a major surgical procedure, and have
clinical findings detailed above. Because surgical
PION is easy to diagnose and often results in
medico-legal cases, there may be an erroneous
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Management of Posterior Ischemic
Optic Neuropathy

As mentioned earlier (Chap. 19), posterior ischemic
optic neuropathy (PION) is of three types: (1) arteritic
PION due to giant cell arteritis, (2) non-arteritic PION
due to other causes, and (3) surgical PION, attributable
to a surgical procedure. Therefore, the management of
PION depends upon the type of PION. In all cases
other than surgical PION, the most important first step
in persons aged 50 years or older is always to rule out
GCA, as in AION [1–3].

Management of Arteritic PION
In this type of PION, treatment is basically the management of giant cell arteritis by early diagnosis and
prompt and aggressive high-dose systemic corticosteroid therapy, to prevent further visual loss, as discussed fully in Chap. 13. The corticosteroid therapy
regimen I use in these patients is exactly similar to that
for arteritic AION, as discussed in detail elsewhere
[3–5] and in Chap. 13. In my study [6], patients with
arteritic PION, like arteritic AION [3], showed no significant visual improvement with corticosteroid therapy. However, corticosteroid therapy has to be continued
to prevent further visual loss (see Chap. 13).
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In my study [6], all patients with non-arteritic PION,
were given the option to try corticosteroid therapy, if
they wished (“patient randomization”); it was fully
explained in advance that there was no known treatment for this condition and that we had no knowledge
whether corticosteroid therapy was beneficial, harmful
or ineffective. All the pros and cons of the therapy were
discussed. The patients were advised to consult their
physician or any other person before they made a decision on whether to start the corticosteroid therapy or
not. We had no input at all into their decision; this
was a similar procedure to the one we used for corticosteroid therapy for non-arteritic AION [7] and followed the same protocol of treatment, as discussed in
Chap. 17. Of 28 patients with non-arteritic PION, 14
opted to try the corticosteroid therapy, and it was started
the day of the initial visit to the clinic or soon thereafter. The initial dose was usually 80 mg oral Prednisone
daily, except for three who were given a single intravenous mega-dose of corticosteroids initially – this was
completely random, without any particular reason to
do so. Usually 80 mg Prednisone was given for 2 weeks
and then gradually tapered off, with the whole corticosteroid therapy lasting for about 2 months.

Management of Non-arteritic PION

Effect of Corticosteroid Therapy
on Visual Outcome in Non-arteritic
PION in My Study [6]

Since there was no known treatment for this type of
PION and no information available as to whether corticosteroid therapy is beneficial to these patients or not, I
[6] investigated this in my study. I will discuss this study
in detail here because its results are encouraging, given
that this is a disease with no known treatment so far.

The following criteria were used for visual acuity
improvement:
(a) Visual acuity improvement must be at least ³2
lines of Snellen chart.
(b) There must be concomitant improvement in the
central 50 of visual fields, to rule out apparent
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visual acuity improvement from simple eccentric
fixation or learning experience.
(c) The visual improvement must have been maintained on follow-up and not be just fluctuating or
transient.
This was evaluated in 32 of the 35 eyes with non-arteritic PION, because the remaining 3 eyes of 2 patients
had a follow-up of less than 2 weeks and were excluded
from this evaluation. Patients with 16 of the 32 eyes
opted for high dose corticosteroid therapy and the rest
opted for no treatment. Visual improvement was evaluated on follow-up by the change in visual acuity, as
well as central and peripheral visual fields (plotted
with a Goldmann perimeter). Visual acuity and visual
field evaluation techniques were similar to those used
in the non-arteritic AION corticosteroid therapy study
[7] (see Chap. 17).
Time Interval between Onset of Visual Loss and
Start of Corticosteroid Therapy: This was as follows.
(1) In 9 eyes with improvement: the therapy was started
the same day in 5, and 2, 7 and 9 days later in 2, 1 and
1 respectively. (2) In 2 eyes with deterioration: it was
started 27 days after the onset when the patient was
first seen. (3) In 5 eyes with stable visual acuity: of
20/20, 20/25, 20/80, hand motion and no light perception, the therapy was started 1, 27, 7, 5 and 24 days
respectively after onset.
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were excluded from data analysis for visual acuity
improvement. Of the remaining 12 eyes with visual
acuity of 20/70 or worse, 4 (33%) improved.
The treated eyes showed a significant improvement
from baseline acuity (p = 0.031), with mean acuity at
final follow-up being significantly better than the
untreated eyes (p = 0.023). Thus, the findings of this
study showed that eyes of patients treated with high
dose systemic corticosteroid therapy showed significant
visual acuity improvement compared to untreated eyes.

Visual Acuity Stable or Worse in Non-arteritic PION
Of the 16 eyes in the treated group, 5 remained stable
(20/20–20/25 in 2, 20/80 in 1, hand motion in 1 and no
light perception in 1), and 2 deteriorated (from 20/40
to 20/400, and 20/60–20/400). Of the 16 eyes in
untreated group, 9 remained stable (20/25–20/25 in 4,
and count fingers in 5), and 2 deteriorated (from 20/200
to count fingers).
Time Interval Between Start of Corticosteroid
Therapy and Onset of Visual Improvement: It was
one day after the start of therapy in 4, and after 7,9,13
and 16 days, with no data in one eye. In the 4 untreated
eyes with visual acuity improvement, it was seen
4,6,43 and 53 days after the onset of PION.

Visual Field Change
Visual Acuity Change
Visual Acuity Improvement in Non-arteritic PION
Of the eyes that had visual acuity at baseline 20/40 or
worse, mean visual acuity (log MAR) at baseline did
not differ significantly between the corticosteroid
treated and untreated eyes (p = 0.165), indicating that
the two groups had similar visual acuity to begin with.
In the treated group of 16 eyes, 9 showed improvement
by ³2 lines of Snellen chart. Two of the 16 eyes had
initial visual acuity of 20/20–20/25, and therefore could
not have shown any significant improvement; they were
excluded from data analysis on visual acuity improvement. Of the remaining 14 eyes with initial visual acuity
of 20/40 or worse, 9 eyes (64%) showed visual improvement. Among the 16 eyes of untreated patients, 4
showed visual acuity improvement (Fig. 22.1). Again, 4
of the 16 eyes, with initial visual acuity of 20/20–20/25,

Mean visual field grade at baseline did not differ significantly between the corticosteroid treated and
untreated eyes (p = 1.000) indicating that the two
groups were similar to begin with. Figure 22.2 shows
the changes in the visual fields in eyes with non-arteritic PION (both treated and untreated groups) during
follow-up. The eyes of the untreated group did not
show a significant improvement from baseline
(p = 0.465). In contrast to that, the eyes of the treated
group showed a significant improvement from baseline
(p < 0.001) and it was significantly greater (p = 0.030)
than in the untreated eyes (see below). The data also
indicated a better mean visual field grade at final follow-up for the treated eyes compared to the untreated
eyes (p = 0.064). Thus, the findings of this study showed
that the eyes of patients treated with high-dose systemic corticosteroid therapy showed significant visual
field improvement compared to untreated eyes.

Management of Non-arteritic PION
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Fig. 22.1 Two graphs showing
change from initial to final
visual acuity in 16 eyes of
patients treated with high-dose
corticosteroid therapy (upper
graph) and 16 eyes of those not
treated (lower graph)
(Reproduced from Hayreh [6])

Table 22.1 summarizes the findings about the visual
field response to corticosteroid therapy in PION.
An addendum to the study [6] also reported another
case of a 46 year old woman with non-arteritic PION,
with an initial visual acuity of 20/80 and an absolute
centrocecal scotoma and normal peripheral fields.
With high dose corticosteroid therapy started 6 days
after onset, her visual acuity improved to 20/20 and her
visual fields were normal.

The following 3 examples demonstrate the amount
of visual improvement seen after corticosteroid therapy in non-arteritic PION.
CASE 1: A 74-year old white woman with nonarteritic PION was seen in my clinic 2 days after the
onset of visual loss, with visual acuity of 20/300 in
both eyes, and visual field defects as shown in
Fig. 22.3a and b in the left and right eyes respectively. She was started on 80 mg Prednisone daily
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Treated Non-Arteritic PION
normal

(2)

Untreated Non-Arteritic PION
normal
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Fig. 22.2 Two graphs showing change from initial to final visual fields in 15 eyes of patients treated with high-dose corticosteroid
therapy (left graph) and 15 eyes of those not treated (right graph). Normal normal visual fields (Reproduced from Hayreh [6])

that day. The visual field of the left eye was normal
13 days after the start of the therapy (Fig. 22.3c),
with visual acuity of 20/20. Thirty-four days after
the start of the therapy the visual field of the right
eye had improved markedly (Fig. 22.3d) (compare
22.3b and 22.3d) and the visual acuity was 20/40.
After 6 months’ follow-up the visual fields and acuity remained stable.
CASE 2: An 81-year old white man was seen on
the day of visual loss due to non-arteritic PION. His
visual acuity was counting fingers and the visual

field is shown in Fig. 22.4a. He was started on 80 mg
Prednisone daily that day. The next day the visual
field (Fig. 22.4b) had improved, with visual acuity
of 20/30. Fifteen days later the visual field showed
marked improvement in the central field (Fig. 22.4c),
with visual acuity of 20/25. The total duration of
corticosteroid therapy was 2 months. On a followup of 19 months the visual fields and acuity were
stable.
CASE 3: An 18 year old black woman with systemic lupus, while in our hospital, woke up with

Table 22.1 Visual field response to corticosteroid therapy in non-arteritic and arteritic PION
Type of PION
Visual field change
Central field only
Peripheral field
during follow-up
(eyes)
only (eyes)

Both central and
peripheral field
defects (eyes)

Corticosteroid treated
non-arteritic PION groupa
(15 eyes)

Improved
Stable
Worse

4
2
0

2
4
0

6
1
2

Untreated non-arteritic
PION groupa (15 eyes)

Improved
Stable
Worse

2
3
0

3
2
0

3
3
4

Arteritic PION groupb
(13 eyes)

Improved
Stable
Worse

2
1
0

1
2
0

1
9
0

Reproduced from Hayreh [6]
a
One eye in both the treated and untreated groups had unreliable fields for evaluating change
b
One eye had unreliable fields for evaluating change
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a

b

c

d

Fig. 22.3 Visual fields of both eyes of case 1 with non-arteritic PION, showing marked improvement with high-dose steroid therapy
(Reproduced from Hayreh [6])

marked visual loss in her left eye. She had had nonarteritic PION in her right eye 19 months earlier, but
at the time she was accused of malingering as all the
ophthalmic findings were negative. She was seen in
my clinic that day and found to have non-arteritic
PION in that eye, with visual acuity of counting fingers in both eyes and visual field defects as shown in
Figs. 22.5a and b in the right and left eyes respectively. Her right optic disc was atrophic and the left
was normal. She was started on high-dose corticosteroid therapy that day. Two weeks later her visual
acuity in the left was 20/40 and the visual field
showed marked improvement (Fig. 22.5c), and 2 days
after that the visual acuity was 20/20. When the
visual field was plotted 3 weeks later, it was normal
(Fig. 22.5d).

Conclusion
The statistical data analysis proved that the non-arteritic PION eyes of patients treated with high-dose systemic corticosteroid therapy showed significant visual
acuity and visual field improvement, compared to
untreated eyes. Also, the magnitude of the improvement in visual acuity and visual fields was much
greater in the treated group than the untreated group.
Thus, the findings of this study indicate a beneficial
effect on visual function from high-dose systemic
corticosteroid therapy during the very early stages of
the disease (Figs. 22.3–22.5). However, the study
showed that spontaneous improvement in visual acuity and visual field may also occur to some extent, in
some eyes, without corticosteroid therapy. Sadda
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a

b

c

Fig. 22.4 Three visual fields of the left eye of case 2 with non-arteritic PION, showing marked improvement with high-dose steroid
therapy (Reproduced from Hayreh [6])

et al. [8] reported that visual acuity improved in 34%,
remained stable in 28% and worsened in 38%, but
they did not mention whether any of their patients
were treated or not. The authors rightly cautioned
against drawing any definite conclusion from their
data about this visual acuity change, because the
visual acuity data in their series had several potential
drawbacks, including these: (a) visual acuity testing
was not standardized, (b) it was not with best refraction, (c) in some cases initial and follow-up visual
acuity measurements were obtained from different
offices, (d) the times to initial and final visual acuity

testing “varied considerably”, and (e) “no follow-up
visual acuity data were ascertainable for 22% of
patients.” Another confounding factor, often forgotten when reporting visual acuity improvement, is that
unless there is a corresponding improvement in the
central 5° of the visual fields, an improvement in
visual acuity alone may simply represent the patient’s
learning to fixate eccentrically [3, 9, 10].
Killer et al. [11] claimed visual improvement in
two cases following optic nerve sheath decompression. As in non-arteritic AION, optic nerve sheath
decompression has no scientific rationale whatever

Management of Surgical PION
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Fig. 22.5 Visual fields of right (A) and left (B-D) eyes of case 3 with old non-arteritic PION in the right eye and new in the left eye.
High-dose steroid therapy improved the visual field in the left eye markedly (compare b with d)

in non-arteritic PION [12, 13] (see Chap. 17).
Moreover, as noted above, some PION patients show
visual improvement spontaneously, without any
treatment.
Treating arteritic PION patients with high-dose corticosteroid therapy is mandatory to prevent any further
visual loss. None of the 14 eyes in my study [6] treated
with high-dose corticosteroid therapy showed any significant visual acuity change. Table 22.1 shows the
changes in the central and peripheral visual fields in
these eyes during follow-up; however, the mild
improvement seen in visual fields in some was not sufficient to improve visual function very much.
Importantly, since systemic risk factors may play a
part in the development of non-arteritic PION, as in
non-arteritic AION (see Chap. 14), one should try to
reduce as many risk factors as possible to minimize the
risk of second eye involvement (see Chap. 17).

Management of Surgical PION
There were only 4 eyes (3 patients) in my study [6]. Two
patients (three eyes with no light perception) were
treated with intravenous corticosteroid therapy immediately on the discovery of visual loss, but neither of them
recovered any vision. The untreated eye also did not
improve.
Basically, the management of surgical PION
amounts to using adequate prophylactic measures to
prevent its development, because once the visual loss
occurs, it is usually bilateral, severe and irreversible. In
these cases, no treatment has been found to be effective
to recover or improve the lost vision. Prophylactic measures during surgery include avoiding arterial hypotension, excessive fluid replacement and hemodilution,
pressure on the eyeball and orbit and dependent position of the head, as well as shortening the duration of
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surgery to the minimum. Since systemic cardiovascular risk factors may predispose a patient to a higher risk
of developing surgical PION, it may be advisable to
weigh those factors in the decision to perform surgery.

Conclusion
My study [6] showed that visual prognosis varies with
the type of PION. Eyes with non-arteritic PION in
patients treated with high-dose corticosteroid therapy
at onset showed significantly greater visual improvement than the untreated patients. Patients with arteritic
PION, if treated urgently and aggressively with high
dose-corticosteroid therapy, showed no change in
vision, but it prevented further visual loss. Patients
with surgical PION usually suffer severe, irreversible
visual loss and do not respond to corticosteroid therapy; visual loss often tends to be bilateral, as has also
been reported by others [8]. Prevention is the only
remedy.
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