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         Preface 

     Diabetic retinopathy is the most common retinal vasculopathy. Retinal vein 
occlusions make up the next most common category. They can dramatically 
affect the lives of affected patients by decreasing visual acuity, often severely, 
and sometimes bilaterally. Retinal vein occlusions are commonly the seque-
lae of systemic vascular risk factors such as hypertension and diabetes. They 
also have interesting relationships to ocular factors, such as primary open-
angle glaucoma, and rarely, to systemic disorders of coagulation. Knowledge 
of the causes and consequences of retinal vein occlusions has increased dra-
matically in the past 50 years. 

 Advances in treatment are more recent. The  fi rst modestly effective treat-
ments were grid laser for macular edema and scatter laser for posterior seg-
ment neovascularization associated with branch retinal vein occlusion. Both 
were proven effective in the mid-1980s. In the 1990s, after long-standing 
controversy concerning the proper role for panretinal laser photocoagulation 
after ischemic central retinal vein occlusion, it was shown that treatment upon 
appearance of neovascularization, and not as prophylaxis, was the rational 
strategy. 

 In the past 10 years, intravitreal injections of various drugs have been 
introduced, proven for several indications, and have attracted the most 
research. This change from laser to pharmacotherapy began with triamcino-
lone, a modestly effective drug for central retinal vein occlusion with macular 
edema, but saddled with a high rate of cataract and induced intraocular pres-
sure elevation. Progress has since accelerated using drugs that block vascular 
endothelial growth factor. These agents are more effective, have fewer side 
effects, and ameliorate macular edema and neovascularization in all types of 
retinal vein occlusions, but are expensive. We are just beginning to address 
the economic issues surrounding their use. 

 In 2012, there is a suf fi cient, but scattered, body of information on diagno-
sis and treatment of retinal vein occlusions to justify a textbook dedicated to 
the topic. The goal of this book is to bring the various threads together into a 
resource useful to clinicians, students, residents, and fellows for self-study or 
a formal course. 

 The book is organized by major topics that have relevance for all retinal 
vein occlusions. Thus, there are chapters on pathoanatomy, pathophysiology, 
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genetics, and epidemiology, within which common aspects of the topic are 
covered. Signi fi cant differences among the types of retinal vein occlusion 
exist. Therefore, in subsections, aspects of the broad categories are covered 
that apply to one type of retinal vein occlusion or another. 

 A certain degree of duplication is present by design. For example, Chap.   7     
includes the fact that 11% of hemicentral retinal vein occlusions develop disc 
neovascularization, but the same fact will be found in Chap.   10    . Many users 
will read the book piecemeal, often stimulated by a clinical encounter of the 
day, and redundancy accommodates topical use of the book. Even in the con-
text of a linear course, appropriate redundancy reinforces learning. I have 
tried not to cross the line separating helpfully redundant from boring. 

 Few areas in ophthalmology are as rife with controversy as retinal vein 
occlusion. From the interpretation of tests to the treatments used, consensus 
has been dif fi cult to achieve. Part of the dif fi culty stems from different stan-
dards in classi fi cation, from the rigorous to the lax. For example, one 
classi fi cation scheme for central retinal vein occlusion uses six variables. 
Among them, electroretinography and quantitation of any relative afferent 
pupillary defect are critical. But few clinicians use either of these methods, 
either because they are rarely available (electroretinography) or because the 
time and expense of the method have been judged excessive relative to the 
value added (neutral density quantitation of the relative afferent pupillary 
defect before dilation). Chapter   4     is devoted to classifying retinal vein occlu-
sions, the source of so many disagreements. Because a goal of the book is to 
be practical, unfeasibly purist perspectives are identi fi ed. 

 Behind the scenes in the study of retinal vein occlusion, there are intensely 
held views. Here are  fi ve of many topics over which discussion has waxed 
hot:

   The role of the central retinal artery in central retinal vein occlusion  • 
  Whether central retinal vein occlusion in the young represents a phlebitis  • 
  Whether central retinal vein occlusion represents a compartment • 
syndrome  
  The rationale for intravenous injection of tissue plasminogen activator  • 
  The ef fi cacy of laser panretinal photocoagulation in preventing neovascu-• 
lar glaucoma in ischemic central retinal vein occlusion    

 The charged aspects of the subject become unveiled most clearly in letters-
to-the-editor or in discussions following presentations. 

 Apart from their human interest, these disputes are scienti fi cally useful 
because they crystallize areas that need more investigation. They propel work 
to con fi rm or falsify hypotheses. Another goal of this book is to exemplify 
this spirit. In each chapter, an attempt is made to present a careful reading and 
evenhanded evaluation of the evidence. However, after covering each topic, 
an assessment of the evidence is given without pulling punches. In some 
cases, a sidebar elaborates on an area of debate. Time will sift the correct 
from the incorrect. 

 This book was written by a practicing retina specialist with his peers in 
mind. Clinical ophthalmology is fascinating in part because of the interplay 
between general principles and particular examples. We depend on clinical 

http://dx.doi.org/10.1007/978-1-4614-3439-9_7
http://dx.doi.org/10.1007/978-1-4614-3439-9_10
http://dx.doi.org/10.1007/978-1-4614-3439-9_4


ixPreface

trials, which provide a skeleton upon which proper care can be based, but 
particularities prevent straightforward application of trial results to real 
patients. The judgment of the clinician can be honed by exposure to a variety 
of cases with a discussion of relevant literature as it relates to the particular 
patient. The  fi nal chapter takes this approach to make concrete the lessons of 
earlier chapters. 

 Your feedback and comments are requested and appreciated to improve 
the book.   

Charlotte, North Carolina, USA David J. Browning
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 There are three types of retinal vein occlusions 
(RVO): branch retinal vein occlusion (BRVO), 
central retinal vein occlusion (CRVO), and hemi-
central retinal vein occlusion (HCRVO). The 
causes of all three types of retinal vein occlusions 
are multifactorial, involve diverse anatomic 
con fi gurations and physiologic pathways, and 
may differ in each instance of occlusion. 

 There are both predisposing and precipitating 
factors for RVO. 1  For example, a predisposing 
factor might be atherosclerotic disease of the cen-
tral retinal artery or primary open-angle glau-
coma. 2  A precipitating factor might be acute 
dehydration and elevated serum viscosity associ-
ated with a viral infection. The consequences of 
RVO are also variable. They depend on the rele-
vant anatomy and can involve the clotting cas-
cade, vascular physiology, and the biochemistry 
of the blood–retina barrier. 

 This chapter focuses on aspects of ocular anat-
omy pertinent to the understanding of RVO, and 
on the pathologic anatomy of RVO. The next 
chapter focuses on relevant ocular physiology 
and the pathophysiology of RVO. For clarity, an 
arbitrary distinction between anatomy and physi-
ology will not be made. For example, a natural 
place to present Bernoulli’s principle, a physio-
logic concept, will be in the present chapter along 
with the discussion of the anatomic aspect of the 
central retinal vein as it narrows in its passage 
through the lamina cribrosa. Likewise, the bio-
chemical pathways involving homocysteine 
metabolism are most relevant to the pathology of 
atherosclerosis, a pathologic process covered in 

this chapter. On the other hand, the absence of 
sympathetic innervation of retinal vessels is more 
appropriately discussed along with the physio-
logic concept of autoregulation in the next 
chapter. 

 Commonly used abbreviations in this chapter 
are collected in Table  1.1  for reference. In addi-
tion, each abbreviation will be introduced with its 
spelled out term at the  fi rst use of the term in the 
chapter.  

    1.1  Anatomy and Histology 

 At the gross anatomic level, the axial length of 
the eye and the diameter of the scleral outlet have 
been hypothesized to be relevant to the pathogen-
esis of CRVO. 3  The axial length of eyes with 
CRVO is signi fi cantly shorter than fellow eyes 
and eyes of healthy controls suggesting that a 
short eye increases risk for CRVO (Table  1.2 ). 3  ,  7  ,  9  
Whether axial length is shorter in eyes with 
BRVO is less certain (Table  1.2 ). Three of  fi ve 
studies report shorter mean lengths for eyes with 
BRVO compared to fellow eyes. Five of six stud-
ies report shorter mean lengths for eyes with 
BRVO compared to eyes from healthy con-
trols. 3  ,  5  -  9  A study measuring the scleral outlet of 
eyes with CRVO and comparing it to controls has 
not been done, but a smaller diameter sclera out-
let has been hypothesized to increase risk for 
CRVO. 3  The hypothesized mechanism is that 

    Chapter  1   
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shorter eyes are associated with crowding of the 
central retinal vein (CRV) and central retinal 
artery (CRA) as they pass through the lamina cri-
brosa, leading to increased venous blood  fl ow 
turbulence. 7  ,  9   

 Histologically, the retina is a multilayered 
sheet of neuronal, glial, and vascular tissue that 
lines the inside posterior two-thirds of the eye. It 
is bounded posteriorly by the retinal pigment epi-
thelium, Bruch’s membrane, and choroid and 
anteriorly by the vitreous humor. The macula is a 
circular area of diameter 5.5 mm with a center 
located 17°, or 4.0–5.0 mm, temporal, and 0.53–
0.8 mm inferior to the center of the optic disc 
(Fig.  1.1 ). 11  -  13  Among its distinguishing features 
are the high density of cones,  ³ 2 layers of gan-
glion cells, and xanthophyll pigment within bipo-
lar and ganglion cells. 11  ,  12  The central 1.5-mm 
circular area of the macula is the fovea, denoted 
by a gently curved depression in the retinal sur-
face. Within the fovea is a roughly circular 
avascular area, the foveal avascular zone, approx-
imately 400–500  m  in diameter which contains 
only cones, present at a density of approximately 
140,000/mm 2 . 11   

 A cross section through the retina just outside 
the area centralis shows ten layers (Figs.  1.2  and 
 1.3 ). Proceeding from the vitreous to the choroid 
are the internal limiting membrane, nerve  fi ber 
layer, ganglion cell layer, inner plexiform layer, 
inner nuclear layer, outer plexiform layer, outer 

   Table 1.1    Abbreviations used in anatomy and patho-
logic anatomy of retinal vein occlusions   

 Abbreviation  Term 

 AV  Arteriovenous 
 BRVO  Branch retinal vein occlusion 
 BM  Bruch’s membrane 
 CRVO  Central retinal vein occlusion 
 C  Choroid 
 CRA  Central retinal artery 
 CRV  Central retinal vein 
 ELM  External limiting membrane 
 FAZ  Foveal avascular zone 
 FA  Fluorescein angiogram 
 GCL  Ganglion cell layer 
 HCRV  Hemicentral retinal vein 
 HCRVO  Hemicentral retinal vein occlusion 
 I  Inferior 
 INL  Inner nuclear layer 
 IPL  Inner plexiform layer 
 IS/OS  Inner segment/outer segment 
  m   Micron 
 nm  Nanometer 
 N  Nasal 
 NFL  Nerve  fi ber layer 
 OCT  Optical coherence tomography 
 ONL  Outer nuclear layer 
 OPL  Outer plexiform layer 
 ONL  Outer nuclear layer 
 PVD  Posterior vitreous detachment 
 RPE  Retinal pigment epithelium 
 RVO  Retinal vein occlusion 
 RPC  Radial peripapillary capillaries 
 S  Superior 
 T  Temporal 
 VEGF  Vascular endothelial growth factor 

   Table 1.2    Axial length of the eye in retinal vein occlusion   

 Study  Type RVO/ N  
 Axial length 
RVO eyes 

 Axial length 
fellow eyes 

 Axial length 
control eyes   P  

 Timmerman et al. 4   BRVO/24/24  22.76 ± 0.92  22.80 ± 0.86*  23.36 ± 1.08**  0.26*; 0.023** 
 Simons and Brucker 5   BRVO/36/36  23.55 ± 0.96  23.62 ± 1.37  0.79 
 Goldstein et al. 6   BRVO/24  22.82 ± 0.94  23.05 ± 0.87  0.037 
 Ariturk et al. 3   BRVO/41/66  22.89 ± 0.11  22.99 ± 0.12*  23.22 ± 0.09**  >0.05*; <0.05** 
 Mehdizadeh et al. 7   BRVO/18/18  22.52 ± 0.72  22.77 ± 0.64*  23.77 ± 1.02**  0.048*; 0.0002** 
 Talu and Stefanut 8   BRVO/18/18  22.42 (range 

21.5–24.1) 
 22.44 (range 

21.3–24.2)* 
 23.42 (range 

21.5–24.4)** 
 0.776*; 0.00064** 

 Tsai et al. 9   BRVO/77/67  23.13 ± 0.86  23.32 ± 1.02*  23.98 ± 0.84**  0.02*; <0.05** 
 Ariturk et al. 3   CRVO/17  22.25 ± 0.19  22.61 ± 0.13*  23.22 ± 0.09**  <0.05*; <0.001** 
 Tsai et al. 9   CRVO/40/67  23.22 ± 1.14  23.48 ± 1.01*  23.98 ± 0.84**  0.05*; <0.05** 
 Mehdizadeh et al. 7   CRVO/18/18  22.71 ± 0.85  23.23 ± 0.71*  23.77 ± 1.02**  0.007*; 0.0018** 

   BRVO  branch retinal vein occlusion,  CRVO  central retinal vein occlusion,  RVO  retinal vein occlusion,  N  number of 
subjects 
 * P  value compared to fellow eyes; ** P  value compared to control eyes  
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nuclear layer, external limiting membrane, rod 
and cone inner and outer segments, and retinal 
pigment epithelium (RPE). 14  The retina is thicker 
around the disc, where it measures 0.56 mm 
thick, and tapers to 0.18 mm at the equator and 
0.11 mm at the ora as the density of all neural 
elements decreases peripherally. 11  The topogra-
phy of the macula includes a central thinner 
zone, the foveal depression, and a thicker para-
central annulus around the fovea where the gan-
glion cell layer, inner nuclear layer, and outer 
plexiform layer of Henle are thickest 
(Fig.  1.3 ). 11     

    1.2   Microanatomy of the Retina 

 The retinal pigment epithelium (RPE) is a mono-
layer of hexagonal cells external to the photorecep-
tors. These cells do not divide after embryo genesis. 
They are multifunctional, pumping ions and 
water toward the choroid (Fig.  1.2 ), participating 
in the cycling of visual pigments in concert with 
photoreceptors, and degrading photoreceptor 
outer segment discs. The lateral cell membranes 
of the RPE are connected by zonula occludentes 

inhibiting the extracellular diffusion of water and 
ions and constituting the outer blood–retina bar-
rier (Fig.  1.4 ). 11   

 Photons of light travel through the translu-
cent inner retina until they strike the photopig-
ment molecules in the stacked discs of the 
photoreceptor outer segments. The photopig-
ments transduce the light energy in a complex 
process leading to transmembrane hyperpolar-
ization. The outer segments join the inner 
 segments, which contain ribosomes and mito-
chondria, at the inner segment/outer segment 
(IS/OS) junction, a landmark easily seen in nor-
mal spectral domain OCT images (Fig.  1.3 ). 
Between the outer segments and the RPE is the 
interphotoreceptor matrix, a complex milieu 
with signaling molecules, glycoproteins, 
enzymes, and fatty acids in an extracellular 
matrix of acid mucoploysaccharides. The matrix 
can be disrupted in situations of serous retinal 
detachment as seen in RVO. 16  The retina con-
tains 110–125 million rods and 6.3–6.8 million 
cones. 11  The cone outer segments are taller than 
the rod outer segments accounting for the subfo-
veal hump in the IS/OS junction (Fig.  1.3 ). The 
length of the outer segments and inner segments 
together is 58–67  m  in the fovea but 37–40  m  at 
the equator and beyond. 11  

 The outer nuclear layer, comprising the photo-
receptor cell bodies, is located just internal to the 
external limiting membrane (ELM), a band of 
zonulae adherens that connect apposed Muller 
cells and photoreceptors (Figs.  1.2  and  1.3 ). The 
ELM is an important landmark seen in SD-OCT 
images and constitutes a relative diffusion barrier 
between the interstitium of the inner retina and the 
subretinal space, as the intercellular space at each 
zonula adherens narrows to 20 nm. 11  Rods and 
cones are connected to adjacent Muller cells by 
zonulae adherens but are commonly separated 
from other photoreceptors. 11  The outer nuclear 
layer has gentle topographic variation in thickness, 
from 45  m  nasal to the disc, to 22  m  temporal to the 
disc, to 50  m  in the perifovea, to 27  m  in the remain-
der of the peripheral retina. 11  In studies of macro-
molecular diffusion in an experimental pig model, 
the outer nuclear layer was a bottleneck for mole-
cules applied to the outer retinal surface. 17  

  Fig. 1.1    Fundus photograph from a normal eye showing 
the macula ( green circle ) and fovea ( black circle ). The 
normal central retinal artery ( black arrow ) is located nasal 
to the central retinal vein ( green arrow ) in the optic disc. 
The normal ratio of diameter of a retinal vein to a retinal 
artery at a given distance from the center of the optic disc 
is approximately 1.3:1 10        
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  Fig. 1.2    Diagram of the strati fi ed cellular nature of the 
retina. The axons of the ganglion cells comprise the nerve 
 fi ber layer and optic nerve.  BM  Bruch’s membrane,  RPE  
retinal pigment epithelium,  IS/OS  inner segment/outer 

segment of photoreceptors,  ELM  external limiting mem-
brane,  ONL  outer nuclear layer,  OPL  outer plexiform 
layer,  INL  inner nuclear layer,  IPL  inner plexiform layer, 
 GCL  ganglion cell layer,  NFL  nerve  fi ber layer       

  Fig. 1.3    Spectral domain OCT image from a normal right 
eye depicting the layers of the retina. The vitreous is the black 
empty space at the top above the retina. The foveal depression 
is seen in the center. The cones are taller than the rods produc-
ing greater separation between the inner-segment/outer-
segment junction and the apical retinal pigment epithelium at 

the fovea.  NFL  nerve  fi ber layer,  GCL  ganglion cell layer,  IPL  
inner plexiform layer,  INL  inner nuclear layer,  OPL  outer 
plexiform layer,  ONL  outer nuclear layer,  ELM  external limit-
ing membrane,  IS/OS  inner-segment/outer-segment junction, 
 RPE  retinal pigment epithelium,  BM  Bruch’s membrane,  C  
choroid,  N  nasal,  T  temporal,  S  superior,  I  inferior       
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 The outer plexiform layer lies between the 
inner and outer nuclear layers and describes a 
zone of synapses between rod and cone inner 
segments and the dendrites of horizontal cells 
(Figs.  1.2  and  1.3 ). It is characteristically thinner 
than the inner plexiform layer and may partially 
impede diffusion of molecules from the inner 
retinal to outer retinal interstitium. Henle’s layer 
designates the outer plexiform layer adjacent to 
the fovea where the axons of the rods and the 
cones turn and travel more parallel with the plane 
of the retina and away from the fovea. 11  

 The inner nuclear layer contains the cell 
bodies of bipolar, horizontal, and amacrine cells 
(Figs.  1.2  and  1.3 ) which mediate the initial 
processing of signals from rods and cones and 
have receptive  fi elds of varying diameter. The 

bipolar cells are the most numerous. The cell 
bodies of the Muller cells are also contained 
within this layer. Muller cells span the thick-
ness of the retina and are involved in glucose 
metabolism and ionic and water transport within 
the retina. 11  Muller cell processes wrap around 
the axons and dendrites of the intermediate 
cells of the retina and around capillaries. 11  As 
with the outer nuclear layer, cystic spaces may 
develop in this layer when macular edema 
occurs in the setting of RVO. The inner nuclear 
layer is a relative bottleneck for the diffusion of 
macromolecules applied to the vitread side of 
the retina. 17  

 The inner plexiform layer is located between 
the ganglion and inner nuclear cell layers and 
ranges in thickness from 18 to 36  m  (Figs.  1.2  
and  1.3 ). 11  In addition to Muller cell branches and 
retinal blood vessels, the inner plexiform layer 
contains synaptic processes of the bipolar, gan-
glion, and amacrine cells. The bipolar cell axons 
bring signals from the outer retina to the process-
ing amacrine cells and to the dendrites of the 
more super fi cially located ganglion cells. There 
are at least 25 types of amacrine cells in the 
human retina, and the lateral span of their den-
drites increases with eccentricity from the fovea. 

 The ganglion cell layer lies between the inner 
plexiform layer and the nerve  fi ber layer varying 
in thickness from 10 to 20  m  in the nasal retina to 
60–80  m  in the perifovea (Figs.  1.2  and  1.3 ). 11  
This variability in thickness corresponds to the 
presence of a single lamina of ganglion cells in 
most of the retina, but increasing to 8–10 laminae 
as the fovea is approached from the optic disc. 11  
The ratios of ganglion cells to rods and cones are 
1:100 rods and 1:4 cones, except in the macula 
where the ratio is greater. This translates physio-
logically into a smaller receptor  fi eld for each 
ganglion cell in the macula and, therefore, greater 
acuity. The ganglion cells’ dendrites extend 
toward the outer retina and synapse with retinal 
bipolar and amacrine cells in the inner plexiform 
layer. The ganglion cell axons are long, making 
up the retinal nerve  fi ber layer. They travel within 
the optic nerve (Fig.  1.2 ), through the optic chi-
asm and eventually synapse with cells in the lat-
eral geniculate body. 

  Fig. 1.4    Electron micrograph of a zonula occludens 
( smaller arrow ) between cells of the ECV304 cell line. Such 
junctions between endothelial cells and retinal pigment epi-
thelial cells serve as the basis of the blood–retina barrier. 
The  larger arrow  denotes a maculae adherens intercellular 
junction (Reproduced with permission from Penfold 15  )        
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 The nerve  fi ber layer is thickest adjacent to the 
optic disc, where it is 20–30  m  (Figs.  1.2  and  1.3 ). 11  
The nerve  fi bers remain unmyelinated until they 
reach the lamina cribrosa. Muller cell processes 
interdigitate around the ganglion cell axons which 
sometimes directly contact their neighbors. The 
axons assume a generally radial course toward the 
optic nerve except for those immediately temporal 
to the macula, which arc above and below the pap-
illomacular bundle that de fi nes the orientation of 
the horizontal raphe. Since the axons of the papil-
lomacular bundle are the  fi rst to develop, they form 
the center of the optic nerve with axons from the 
more peripheral retina found more peripherally in 
the optic nerve. As ganglion cell axons converge 
toward the optic nerve, the nerve  fi ber layer thick-
ens. It is absent within the fovea and very thin in 
the far periphery. Ischemia disrupts physiologic 
axoplasmic  fl ow and produces both proximal and 
distal axonal degeneration. 18  The funduscopic cor-
relates of these processes are cotton wool spots 
and optic disc edema in acute ischemia and the 
featureless retina lacking nerve  fi ber layer stria-
tions in chronic retinal ischemia. 18  ,  19  

 The normal blood–retina barrier is based on 
tight intercellular junctions between vascular 
endothelial cells and between retinal pigment epi-
thelial cells. In both sites, the barrier is subsumed 
by the zonulae occludens (Fig.  1.4 ). These pre-
vent the easy passage of paracellular small mole-
cules between the neurons of the retina and the 
vascular system. Several transcellular transport 
systems allow the transcellular passage of metab-
olites. 15  The space between cells of the retina is 
similar to that of the brain and is passable by per-
oxidase (approximately 2.5–5-nm diameter). 20  -  24  
The maximum size of a molecule that can diffuse 
through the intercellular spaces of the retina is 
estimated to be 6.2 ± 0.5 nm in the normal eye. In 
eyes with RVO and breakdown of the blood–
retina barrier, larger molecules can  diffuse through 
the retina. 17  The blood–aqueous barrier functions 
in a manner similar to the blood–retina barrier, 
and all forms of RVO cause disruption of both 
barriers, presumably mediated by VEGF released 
from the ischemic retina. 25  ,  26  The intercellular 
space between the photoreceptors and the RPE 
and between adjacent photoreceptors external to 

the ELM is termed the subretinal space. The 
subretinal space can expand dramatically with 
pooled  fl uid in RVO. 

 The internal limiting membrane (ILM), the sole 
true basement membrane within the retina, sepa-
rates the retina from the vitreous. The inner stratum 
of the ILM is laminated with the basement mem-
brane of the Muller cells. The outer stratum is 
composed of laminin, proteoglycans,  fi bronectin, 
and collagen. 17  The ILM varies in thickness from 
2,000 nm over the parafovea to 20 nm over the 
fovea since the density of Muller cells decreases in 
the fovea. 18  Muller cell processes form a continu-
ous but uneven border of attachment with the ILM. 
The internal limiting membrane constitutes a bar-
rier for vitreous molecules diffusing toward the 
retina. Thus, for example, the retinal ILM is imper-
meable to tissue plasminogen activator in the rab-
bit. 27  Ranibizumab (MW 49 kD) was developed in 
part because of concerns that bevacizumab (MW 
149 kD) might not diffuse through human ILM. 
The ILM overlying the optic disc is a thinner 
layer known as the limiting membrane of Elschnig. 
The central part is even thinner and is known as the 
central meniscus of Kuhnt. The ILM overlying 
the optic disc may therefore be permeable to mol-
ecules that cannot penetrate the retinal ILM. 28  

 The anatomic relationship of the vitreous and 
the retina is important for certain complications 
of BRVO and CRVO. Attachment of the vitreous 
to the retina in a BRVO with extensive capillary 
nonperfusion is associated with a higher rate of 
secondary retinal neovascularization. It is thought 
that the vitreous provides a scaffold for growth of 
the new vessels. 29  ,  30  Similarly, posterior vitreous 
detachment (PVD) protects against development 
of retinal and disc neovascularization in ischemic 
CRVO, but not anterior segment neovasculariza-
tion. 18  In nonischemic CRVO, but not in ischemic 
CRVO, posterior vitreous detachment protects 
against development of macular edema. 18  The 
attached posterior vitreous is thought to retard 
diffusion of chemical mediators of hyperperme-
ability away from the site of action in the retinal 
microvasculature. 18  Collagen  fi bers of the poste-
rior cortical vitreous are bound to the internal 
limiting membrane of the retina through the 
adhesion molecules laminin and  fi bronectin. 31  
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Traction by these  fi bers transmitted to the macu-
lar Muller cells may predispose them to swell. 
Plasmin, which cleaves these molecules and leads 
to posterior vitreous detachment, has been used 
to intentionally produce PVD in eyes with BRVO 
with the effect of reducing associated macular 
edema. 31  ,  32  Although vitreous traction on retinal 
veins has been suggested as a contributing factor 
in BRVO in certain cases, the idea is speculative 
in the cited cases. 33   

    1.3   Vascular Anatomy 

 The key concepts in understanding ocular vascu-
lar anatomy are the dual blood supply to the eye 
and retinal vascular anastomoses. The dual sources 
of blood to the eye are the central retinal artery 
and the posterior ciliary arteries. Anastomoses 
between ocular vascular substructures are often of 
little importance under physiologic conditions but 
can become important if RVO develops. 34  

 The blood supply to the eye comes from the 
ophthalmic artery, which derives from the inter-
nal carotid artery in 98% of cases and from the 
middle meningeal artery in 2% of cases. 35  Just 
after the internal carotid artery passes through the 
cavernous sinus, the ophthalmic artery emerges 
and enters the orbit through the optic canal along 
the inferolateral aspect of the optic nerve 
(Figs.  1.5 ,  1.6 , and  1.7 ). 37  The ophthalmic artery 

has a diameter of approximately 300  m . 38  The 
ophthalmic artery then crosses from the lateral to 
medial orbit, in 80% of cases traveling above the 
nerve and in the other 20% below the nerve. 35  ,  36  
The central retinal artery (CRA) and one to  fi ve 
posterior ciliary arteries (PCAs) issue from the 
ophthalmic artery. In most cases (77%), the cen-
tral retinal artery emanates from the ophthalmic 
artery before the posterior ciliary arteries, but 
there are many exceptions. 25  ,  37  In 38% of cases, 
the central retinal artery is an independent branch 
of the ophthalmic artery, but in a greater fraction, 
it is a branch off of a common trunk that also sup-
plies the medial or lateral posterior ciliary arter-
ies or both. 35  The variable distance between the 
origin of the central retinal artery and the origin 
of the cilioretinal artery is one hypothetical basis 
for the occasionally noted lower intravascular 
pressure of the posterior ciliary arteries compared 
to the central retinal artery. 39  ,  40     

 The posterior ciliary arteries divide into 10–20 
short posterior ciliary arteries that enter the sclera 
close to the optic nerve (paraoptic short posterior 
ciliary arteries) or a short distance from the optic 
nerve laterally and medially (distal short posterior 
ciliary arteries) (Fig.  1.8 ). The short posterior cili-
ary arteries supply blood and oxygen to the optic 
nerve, the choroidal circulation up to the equator, 
the retinal pigment epithelium, and the outer 130  m  
of the retina. 41  Eighty- fi ve percent of the intraocu-
lar blood  fl ow is allocated to the choroidal circula-
tion via the posterior ciliary arteries. 42  Branches of 

Posterior
ciliary

arteries

Optic nerve

Internal carotid
artery

Ophthalmic
artery

Central
retinal artery

  Fig. 1.5    Arterial supply of 
the right eye and orbit as 
viewed from the temporal side 
of the skull. The ophthalmic 
artery enters the orbit on the 
inferolateral side of the optic 
nerve and gives off the central 
retinal artery and posterior 
ciliary arteries near the orbital 
apex (Redrawn from Singh 35  )        
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the short posterior ciliary arteries form a variable 
circle, called the peripapillary arterial circle of 
Zinn–Haller, around the optic disc (Fig.  1.9 ). 42  ,  46    

 The remaining 15% of intraocular blood  fl ow 
comes from the central retinal artery which sup-
plies the retinal vasculature. 42  The central retinal 
artery pierces the optic nerve from 5 to 16 mm 
behind the globe (Fig.  1.9 ). 35  ,  36  ,  40  ,  47  Within the 
optic nerve, the central retinal artery travels cen-
trally enclosed in a  fi brous tissue envelope con-
tinuous with the  fi brous septa of the optic nerve 
(Fig.  1.10 ). 47  This  fi brous sheath is relatively 
indistensible, and pulsations of the central retinal 
artery during the cardiac cycle produce in-phase 
venous pulsations in the adjacent central retinal 
vein, a phenomenon explained when it was not 
found in a patient who had a congenitally variant 
hemicentral retinal vein that directly entered the 
choroid outside of the optic nerve. 48  There are 
many microanastomoses of the central retinal 
artery via its small pial branches with other 
branches of the ophthalmic artery, but no 
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  Fig. 1.6    The  yellow structure  represents the position of 
the optic nerve relative to the orbital arteries.  OA  oph-
thalmic artery,  CRA  central retinal artery,  PC  posterior 
ciliary arteries,  Lac  lacrimal artery,  LP  lateral palpe-
bral artery,  IO  infraorbital artery,  ZT  zygomaticotem-
poral artery,  ZF  zymaticofacial artery,  Mid men  middle 

meningeal artery,  Rec meningeal  recurrent meningeal 
artery,  Ang  angular artery,  MP  medial palpebral artery, 
 DN  dorsal nasal artery,  ST  supratrochlear artery,  SO  
supraorbital artery,  AE  anterior ethmoidal artery, 
 PE  posterior ethmoidal artery (Redrawn from Rene 36  )        

Medial
posterior

ciliary artery

Optic nerve

Optic canal

Optic
chiasma

Optic tract

Internal carotid
artery

Ophthalmic artery

Central
retinal artery

Lateral
posterior
ciliary artery

  Fig. 1.7    The arterial supply to the right globe as seen 
from the top (Redrawn from Singh and Dass 35  )        
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  Fig. 1.8    Diagram    
of the posterior 
ciliary arteries. 
( a ) Top view 
( b ) Rear view 
(Redrawn from 
Singh and Dass 35  )        
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  Fig. 1.9    Diagram of the optic nerve, optic disc, and peri-
papillary structures of the left eye. The temporal optic 
nerve is on the  right side  of the diagram so that the central 
retinal artery is nasal to the central retinal vein.  CAR  cen-

tral artery of the retina,  CRV  central retinal vein,  PCA  pos-
terior ciliary artery,  CZ  circle of Zinn,  ON  optic nerve,  D  
dura,  A  arachnoid,  R  retina,  C  choroid,  S  sclera (Redrawn 
   from Hayreh 45  )        
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  Fig. 1.10    Diagram of the 
arterial blood supply to the 
prelaminar optic nerve of the 
left eye. Choroidal arterioles 
supply centripetal arterioles 
that penetrate the prelaminar 
optic nerve, more densely 
temporally than nasally. In this 
diagram, temporal is to the 
 right  (Redrawn from 
Hayreh 44  )        
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branches of the central retinal artery to the lam-
ina cribrosa, which is instead solely supplied by 
branches of the posterior ciliary arteries 
(Fig.  1.9 ). The pial anastomoses allow a hemody-
namically insigni fi cant volume of blood to pass 
into the central retinal artery in situations of 
 central retinal artery occlusion. 49  Both central 
retinal artery and central retinal vein (CRV) enter 
the eye through the optic disc with the artery 
nasal to the vein (Fig.  1.9 ).  

 The CRA and CRV are present in the optic 
disc by the fourth month of gestation and send 
out branches to the retinal periphery during later 
stages of gestation. This arrangement may bear a 
relation to the observed quadrantic differences in 
frequency of artery anterior to vein AV cross-
ings. 50  Although a small optic disc cup is associ-
ated with nonarteritic ischemic optic neuropathy, 
there is inconsistent evidence that either optic 
disc size or cup to disc ratio is associated with 
CRVO. 51  

 The central retinal artery is approximately 
240  m  in diameter with vessel walls approxi-
mately 35  m  thick and a luminal diameter of the 
order of 163–170  m . 52  The endothelium of the 
central retinal artery is a monolayer beneath 
which is an internal elastic lamina, a medium of 
smooth muscle, and an external elastic lamina 
that merges with the adventitia. Diseases that 
affect muscular arteries, such as atherosclerosis 
and giant cell arteritis, do not spare the intraneu-
ral central retinal artery. Thus, atherosclerotic 
subendothelial plaque formation with hyperpla-
sia of the intimal and endothelial layers is 
observed in the central retinal artery. On the other 
hand, branch retinal arteries are spared from giant 
cell arteritis because they lack an internal elastic 
lamina. 

 The central retinal artery travels through the 
center of the lamina cribrosa to the optic disc, 
where it divides into superior and inferior 
branches that supply the retinal hemispheres. 
Further equal bifurcations occur downstream as 
do sidearm branchings of smaller arterioles. 35  
Branch retinal arteries lie in the nerve  fi ber layer 
or ganglion cell layer, with only the smaller arte-
rioles descending into the inner plexiform layer 
to supply capillaries. 23  The branch retinal arteries 

have  fi rm connections with the cortical collagen 
in the ILM and can be avulsed from the retina by 
traction exerted by the vitreous. Although branch 
retinal arteries generally pass over branch veins 
at their crossings, the reverse is occasionally seen 
with an artery found as deep as the inner nuclear 
layer. 

 Retinal arteries differ from arteries of equal 
size in other organ systems in that they have a 
more developed muscularis and lack an internal 
elastic lamina. 11  Muller and astrocyte cell pro-
cesses surround the vessels, insulating them from 
the surrounding ganglion cell axons. The branch 
retinal arteries do not overlap in the regions of the 
retina that they supply, which is why the retinal 
arteriolar network is described as an end-arterio-
lar system. The proximal branch retinal arterioles 
have an average diameter at the optic disc of 
94–120  m  with arteriolar diameter decreasing 
over successive bifurcations until the average 
diameter of the smallest peripheral arterioles is 
8–15  m . 11  ,  43  ,  53  -  55  

 Based on the ophthalmoscopic appearances of 
a sharply curved artery at the rim of the optic disc 
that is separate from the central retinal artery, it 
has been reported that 20–23% of patients pos-
sess a cilioretinal artery that originates from the 
posterior ciliary arteries or their derivative chor-
oidal arteries and drains into the retinal venous 
system (Fig.  1.9 ). 56  ,  57  This percentage is proba-
bly an overestimate, as the central retinal artery 
can bifurcate proximal to the lamina cribrosa to 
produce such an ophthalmoscopic appearance. 57  
Whatever the exact percentage, in patients with 
a true cilioretinal artery, a hemodynamically 
substantial connection exists between choroidal 
and retinal circulations that can have important 
clinical consequences in cilioretinal arteriolar 
insuf fi ciency associated with CRVO (see Chaps. 
  2     and   6    ). 

 In all persons, small microvessels at the optic 
disc connect the retinal venous system with 
the choroidal venous system. Normally of little 
hemodynamic signi fi cance, under conditions of 
high retinal venous pressure, as occurs in CRVO, 
they may dilate to become tortuous opticociliary 
veins that drain a signi fi cant fraction of retinal 
venous blood. 44  

http://dx.doi.org/10.1007/978-1-4614-3439-9_2
http://dx.doi.org/10.1007/978-1-4614-3439-9_6
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 The blood supply to the optic disc can be 
divided into three parts: the surface layer of the 
optic disc, the prelaminar region, and the lamina 
cribrosa. 44  The capillaries on the surface of the 
optic disc stem from arterioles of the peripapil-
lary retina and the optic disc. These capillaries 
are continuous with the radial peripapillary 
 capillaries and other capillaries of the peripapil-
lary retina and the capillaries of the deeper lay-
ers of the optic nerve. The prelaminar optic 
nerve is supplied by centripetal arterioles from 
the peripapillary choroid and thus is dependent 
on posterior ciliary circulation (Fig.  1.10 ). 42  
These are sectoral end arterioles communicat-
ing little with adjacent vessels. Thus, the prelam-
inar optic nerve is not nourished by the central 
retinal artery but rather by the choroidal blood 
supply. The capillaries of the super fi cial and 
prelaminar optic disc are anastomotic, however. 
Therefore, in CRAO, there is a small amount of 
blood  fl ow emanating from the deeper optic 
nerve head that can perfuse the peripapillary 
retina. 58  The lamina cribrosa derives its arterio-
lar blood supply from branches of the posterior 
ciliary arteries or from branches of the arterial 
circle of Zinn, which is itself supplied by the 
posterior ciliary arteries. 42  The venous drainage 
of the optic disc is primarily the central retinal 
vein, although the prelaminar optic disc drains 
to choroidal veins as well through the aforemen-
tioned microanastomoses. 42  ,  44  

 The arteries supply the retinal capillaries that 
dramatically increase the surface area for transfer 
of oxygen and other small molecules to the adja-
cent interstitium. Retinal capillaries reside within 
various lamina of the inner retina. During normal 
development, astrocytes in the retina produce 
vascular endothelial growth factor (VEGF) that 
induces development of the super fi cial capillary 
bed. Later, photoreceptor development in the 
outer retina causes hypoxia of the inner retina 
with upregulation of vascular endothelial growth 
factor (VEGF) from the inner nuclear layer and 
development of the deeper capillary bed within 
the inner retina. 59  Astrocytes and retinal capillar-
ies colocalize within the retina. Astrocytes and 
capillaries are absent from the foveal avascular 
zone and in the immediately postoral retina. 34  

 A super fi cial network of capillaries called the 
radial peripapillary capillaries (RPCs) surround 
the optic nerve (Fig.  1.11 ). 60  These capillaries lie 
in the super fi cial nerve  fi ber layer and preferen-
tially nourish that layer but derive from arterioles 
located deeper at the levels of the outer nerve 
 fi ber layer and ganglion cell layer. 11  The RPCs 
are arranged in parallel rows rather than in the 
anastomotic net typical of the deeper retinal cap-
illaries. RPCs connect rarely with each other or 
with deeper retinal capillaries and run parallel to 
major retinal arteries, rarely crossing them. 60  As 
their distribution parallels nerve  fi ber bundles 
and resembles the distribution of cotton wool 
spots in central retinal vein occlusion (CRVO), 
they may be important in the pathogenesis of 
Bjerrum scotomata in glaucoma and in cotton 
wool spots in RVO. 11  ,  60  ,  62   

 Besides the RPCs, capillaries of the inner 
retina assume locations at four depths depend-
ing on the thickness of the ganglion cell layer. 61  
One lamina of capillaries is present in the nerve 
 fi ber layer and ganglion cell layer. Capillaries 
are regularly found at the outer and inner bor-
ders of the inner nuclear layer (which is approx-
imately 40  m  thick), are missing in the inner 
plexiform layer (approximately 30  m  thick), and 
are found at the inner or outer boundaries of the 
ganglion cell layer for the parts where it is 
approximately 30  m  thick and also within the 
ganglion cell layer where it is thicker (50–60  m  
in an annulus 0.7–1.8 mm from the fovea) 
(Fig.  1.12 ). 61  The deepest lamina vanishes more 
proximally in the retinal midperiphery, the mid-
dle lamina vanishes more peripherally, and the 
most super fi cial lamina extends almost to the 
ora serrata which, like the fovea, is bordered by 
an avascular zone (Fig.  1.13 ). A capillary-free 
zone is also found adjacent to retinal arterioles 
(Fig.  1.14 ). 11  ,  34     

 The wall of a retinal capillary is made of 
endothelial cells, pericytes, and a basement mem-
brane. The cytoplasmic thickness of a capillary 
endothelial cell is 0.4–0.7  m  and is similar for 
retinal or choroidal capillaries. 64  Capillary lumens 
are 3.5–6  m m in diameter and ~10  m  2  in area 
depending on the species studied. 64  -  67  Retinal 
capillary diameter is approximately half that of 
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choroidal capillaries. Capillary lumens are uneven 
due to inward bulging of endothelial nuclei. This 
requires that passing erythrocytes distort and 
mold. Capillary pericytes lie within the endothe-
lial basement membrane. In vivo contraction of 
mammalian pericytes has not been demonstrated, 

but pericytes contain contractile proteins and 
contract in vitro when exposed to endothelin, 
thromboxane A 

2
 , and angiotensin II. 68  -  70  Loss of 

pericytes, as seen in ischemic retinopathies such 
as RVO, weakens the capillary walls and leads to 
microaneurysms and macroaneurysms. 71  
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  Fig. 1.11    ( a ) Diagram of the 
distribution of the radial 
peripapillary capillaries. 
( b ) Magni fi ed cutaway 
diagram showing the sparse 
anastomoses of the radial 
peripapillary capillaries with 
the deeper strata of retinal 
capillaries. ( c ) Schema of 
laminar distribution of retinal 
capillaries.  Hatch up and right  
– super fi cial capillaries are at 
the inner boundary of the 
inner nuclear layer.  Hatch 
down and right  – capillaries 
are at the outer boundary of 
the outer nuclear layer. 
 Cross-hatched area  – capillar-
ies are within the ganglion cell 
layer.  Dotted area  – capillaries 
touch both boundaries of the 
ganglion cell layer (Redrawn 
from Henkind 60  and Iwasaki 
and Inomata 61  )        
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  Fig. 1.12    Laminar arrangement of the capillary beds in 
the primate retina. ( a ) Posterior pole retina with the inner 
retina labeled 1–4.  1  – nerve  fi ber layer ( NFL ),  2  – gan-
glion cell layer,  3  – inner border of the inner nuclear layer 
( INL ),  4  – outer border of the inner nuclear layer. The  yel-
low arrow  denotes a capillary within the deep nerve  fi ber 
layer. The  turquoise arrow  denotes a capillary at the inner 
border of the inner nuclear layer. The  pink arrow  denotes a 
capillary at the outer border of the inner nuclear layer 
which is the deepest level of the inner retina containing 
capillaries. The  orange double-headed arrow  spans the 
avascular outer retina comprised of the outer plexiform 
layer, outer nuclear layer, photoreceptor outer segments, 
and retinal pigment epithelium. ( b ) Sample of the 

 midperipheral retina showing the locus of termination of 
the outermost lamina of capillaries ( arrowhead ). To the 
 right of the arrowhead , no capillaries are seen at the outer 
border of the inner nuclear layer, but capillaries are evident 
at the inner border of the inner nuclear layer and in the 
nerve  fi ber/ganglion cell layer. Slightly more peripherally, 
the capillary lamina at the inner border of the inner nuclear 
layer vanishes (not shown). ( c ) The    peripheral retina/ora 
serrata junction showing that the innermost lamina of cap-
illaries vanishes just proximal to the ora serrata ( arrow-
head ). ( d ) Section of the retina from the perifovea ( left 
side ) to the fovea ( right side ). The foveal avascular zone 
begins at the arrowhead which denotes the border capillary 
(Reproduced with permission from Gariano et al. 63  )        

  Fig. 1.13    Image of retinal vessels stained for ADPase in 
the young human. ( a ) Just posterior to the ora serrata, the 
retina is avascular. The  blue arrow  denotes the most 
peripheral retinal capillary posterior to the ora serrata. 

( b ) The center of the macula is avascular ( F ) and is bor-
dered by the single-layered perifoveal capillary arcade 
( blue arrow ) (Reproduced with permission from Gariano 
et al. 63  )        

a b
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 Normal retinal capillaries have low permeabil-
ity, lacking fenestrations and possessing tight 
intercellular junctions that form the inner blood–
retina barrier. 22  In contrast, normal choroidal cap-
illaries have high permeability and possess 
fenestrations. 42  The transfer of materials across 
retinal capillaries is therefore normally limited to 
diffusion through intercellular spaces and 
endothelial pinocytosis and is normally much 
more restricted than transfer of materials across 
choroidal capillaries. Vascular endothelial growth 
factor (VEGF) regulates fenestrations and the 
functional properties of the tight junctions. 72  
VEGF upregulation is associated with reduction 
of the protein occludin, a 65-kD transmembrane 
protein that is a component of vascular  endothelial 
tight junctions. 73  VEGF induces a rapid phospho-
rylation of tight junction proteins ZO-1 and occlu-
din and leads to increased vascular permeability. 
VEGF is normally present in the retinal pigment 

epithelium (RPE), and it is hypothesized that 
RPE-produced VEGF is critical for the chorio-
capillaris and is the factor responsible for its fen-
estrations and high permeability. 74  ,  75  In RVO, 
VEGF levels increase to pathological concentra-
tions with resulting disruption of the endothelium 
and leakage of protein, lipid, and blood into the 
retina. At least initially, the leakage is reversible 
through the formation of new tight junctions and 
endothelial cell mitosis, but at a certain point of 
duration and severity, it seems that the possibility 
of repair of the blood–retina barrier is lost. 25  

 The foveal avascular zone (FAZ) is approxi-
mately 400  m  in diameter. 34  Bordering the FAZ is 
a single level of capillaries that is found within 
the ganglion cell layer (Fig.  1.13 ). Moving fur-
ther from the FAZ, the capillary network becomes 
trilaminar. 61  Blood cell velocity in these capillar-
ies as measured with the blue  fi eld entoptic phe-
nomenon is 0.5–1.0 mm/s. 76  The outer retina 
(outer plexiform, outer nuclear, and photorecep-
tor layers) and the retinal pigment epithelium are 
avascular and receive oxygenation by diffusion 
from the deeper choriocapillaris and the deepest 
lamina of retinal capillaries in the inner retina. 34  
The maximum distance between capillaries in the 
inner retina is approximately 65–100  m , and 
the estimated maximal diffusion distance in the 
human macula consistent with normal function 
has been estimated to be approximately half this 
distance, or approximately 45  m . 61  Retinal oxy-
gen partial pressures are highest immediately 
adjacent to retinal arterioles and lowest adjacent 
to veins (see Chap.   2    ). 

 Retinal capillaries drain into terminal venules, 
the smallest branches of the venous tree. The 
smallest venules have a luminal diameter of 
8–20  m  and differ from capillaries only in size, 
not microstructure. 11  As venules increase in size 
beyond 8  m , they begin to show collagen in the 
outer wall which distinguishes them from capil-
laries. 11  The capillaries and terminal venules in 
adjacent sectors of the retina are not as separated 
from each other as are the end arterioles of the 
retina. The capillaries in one sector of the retina 
do have paths of communication to venules in 
an adjacent sector. 77  This con fi guration is dem-
onstrated in acute BRVO when extravasation of 
hemorrhage into the interstitium is evident in 

  Fig. 1.14    Trypsin digest of the retina showing the alter-
nating arrangement of artery ( red A ’s) and vein ( blue V ) 
with interposed capillaries. There is a paucicapillary zone 
adjacent to arteries ( red ovals ) but not veins ( blue oval ) 
(Reproduced with permission from Hogan et al., 11  
[p. 510])       
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adjacent retinal sectors (Fig.  1.15 ). Normal 
anastomoses between the venular end of adja-
cent sectors of the retinal microvasculature are 
shown in a complementary fashion by inspect-
ing the phenomenon of back fi lling that occurs in 
branch retinal artery occlusion (Fig.  1.16 ). In 
this situation, there is no forward  fl ow to the 
superotemporal retinal capillaries from the com-
pletely obstructed superotemporal branch retinal 
artery, yet by virtue of anastomoses with the 
adjacent sectors of retinal venules, the veins of 
the superotemporal retina back fi ll with  fl uores-
cein from the inferotemporal retina. 77  These 
underlying normal anastomoses dilate and 
become hemodynamically more important in 
the pathological situation of a BRVO, eventually 
becoming the mature, larger diameter collateral 
vessels associated with the chronic phase of 
BRVO.   

 Terminal venules converge and drain into 
higher-order branch retinal veins, which in turn 
converge and drain into one major (synonyms – 

main or  fi rst-order) retinal vein for each quadrant 
(Fig.  1.17 ). The major branch retinal veins con-
verge to form the two hemicentral, or papillary, 
retinal veins, one for the superior retina and the 
other for the inferior retina. In 80% of eyes, the 
hemicentral retinal veins converge within the 
optic cup to form the central retinal vein, but in 
20%, they converge within the deeper optic nerve 
as a congenital variant. 79  ,  80  Hemicentral retinal 
vein occlusion and central retinal vein occlusion 
are closely related in pathologic anatomy and 
more closely related than either of these to 
BRVO. 79  ,  81  ,  82  Rarely, there may be a longer 
intraocular segment of the central retinal vein, 
and there are a myriad of other individual varia-
tions of this general scheme. 78  ,  82  ,  83  When HCRVs 
are present, the area of the retina drained by each 
can range from 90 to 315°. 83  In an estimated 0.2% 
of eyes, there may be a cilioretinal vein that drains 
a portion of the retinal venous return directly into 
the choroid. 84  Even rarer are cases of retinopial 
veins that drain retinal venous blood directly to 
veins of the pia mater. 84  Retinal venous lumen 
diameter decreases in size from 122 to 180  m m 
adjacent to the disc to 20  m m at the equator, and 
smooth muscle cells are lost and replaced by 
pericytes, which are less able to contract. 54  ,  55  ,  85  
This allows luminal diameter to  fl uctuate with 
intravenous pressure.  

 In the normal state, all retinal venous out fl ow 
passes out the central retinal vein which has a 
luminal diameter of 200  m . 43  There is both histo-
logical and in vivo evidence from color Doppler 
imaging of the central retinal vein (CRV) that the 
CRV narrows in the region of the lamina crib-
rosa. 51  ,  86  -  88  Such an anatomic situation allows the 
intraluminal pressure of the CRV to fall without 
venous collapse as it exits the higher pressure 
environment inside the eye to the lower pressure 
environment of the orbit. Without the constric-
tion, the blood in the orbital CRV would acceler-
ate, and the CRV would collapse. By decreasing 
the CRV diameter, the kinetic energy of the blood 
rises with its increasing venous velocity by an 
amount balanced by the decrease in intraluminal 
pressure. Thus, the central retinal venous pres-
sure is hypothesized to drop by its greatest 
amount over the short distance where it traverses 
the lamina cribrosa. 89  The intravascular pressure 

  Fig. 1.15    A 60-year-old hypertensive man was seen 
complaining of blurred vision on the left for 4 weeks. An 
inferotemporal BRVO of the left eye was found. Intraretinal 
hemorrhage extended far beyond the boundaries of the 
inferotemporal sector of retina. In the  fi gure, the  purple 
line  indicates the horizontal raphe. The  yellow oval  indi-
cates superotemporal retina with extensions of hemor-
rhage. There are anastomoses between superotemporal 
retinal capillaries and inferotemporal retinal veins. Thus, 
when intravenous pressure in the inferotemporal veins 
dramatically rises in the event of a BRVO, the increase in 
intravascular pressure is transmitted backward to some of 
the superotemporal capillaries with resultant extravasa-
tion of blood into the interstitium       
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of the intraocular central retinal vein is approxi-
mately equal to the intraocular pressure, that is, 
approximately 15 mmHg. Just posterior to the 
lamina cribrosa, the intravenous pressure is 
 anywhere from a few mmHg when erect to 
10 mmHg when recumbent. 90  ,  91  The lamina crib-
rosa thus acts as a throttle on the central retinal 
vein, and by the Bernoulli principle, the diameter 

of the CRV must decrease in tandem with the 
reduction in intravenous pressure. 90  ,  91  The retinal 
veins as they enter the optic nerve are supported 
by the neural rim tissue. 

 When this neural rim is lost, as in glaucoma-
tous optic atrophy, it has been hypothesized that 
the walls of the retinal veins could be stretched and 
injured, possibly accounting for the association of 

a b

c d

  Fig. 1.16    A 63-year-old woman with hypertension was 
seen with acute, painless visual loss of the left eye from 
a branch retinal artery occlusion. ( a ) Monochromatic 
fundus photograph of the left eye showing ischemic reti-
nal whitening present in the sector of retina off the disc 
from 12 to 3 o’clock. The ischemic zone abuts the fovea. 
( b ) Frame from the arteriovenous phase of the  fl uorescein 
angiogram shows absence of perfusion of the super-
otemporal retina because of the obstructed superotempo-
ral branch retinal artery. The  yellow arrows  denote two 
intrinsic anastomotic veins that connect the inferotem-
poral quadrant circulation with the veins of the 
 superotemporal quadrant. Some back fi lling of the super-
otemporal veins has begun. ( c ) A frame from a later 
stage of the arteriovenous phase of the  fl uorescein angio-
gram shows that the entire superotemporal branch reti-
nal vein ( orange arrow    ) has  fi lled from back fl ow via the 
anastomoses with the veins of the inferotemporal quad-

rant. The  green arrow  denotes a superotemporal branch 
retinal arteriole that is back fi lling from anastomoses 
with the inferotemporal microcirculation. We can infer 
that these anastomoses have higher resistance because 
this back fi lling occurs later than the back fi lling of the 
superotemporal veins. Venous back fi lling has also begun 
in the nasal macula ( turquoise arrow ). We can infer that 
venous anastomoses are hemodynamically less 
signi fi cant across the nasal macular portion of the hori-
zontal raphe than across the temporal macular portion 
because of the delay in back fi lling in the nasal macular 
region relative to the temporal macular region. ( d ) Frame    
from the recirculation phase of the  fl uorescein angio-
gram shows continuation of the arterial back fi lling of the 
superotemporal quadrant ( green arrow ). The  fl ow is so 
slow that the  fl uorescein dye in the superotemporal 
branch retinal artery is pooled over a dependent layer of 
erythrocytes within the arterial lumen       
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     Bernoulli’s    Principle and Deductions Concerning Changes in Central Retinal Vein 
Diameter at the Lamina Cribrosa 

 Bernoulli’s principle is a statement of conservation of energy applied to hydraulic systems of 
steady  fl ow, no friction, and an incompressible  fl uid. It states that the sum of thermal ( E  

t
 ), 

kinetic ( E  
k
 ), and gravitational energy ( E  

g
 ) of a  fl uid in a closed system of pipes is a constant. 

That is

    
t k g .E E E K+ + =       (1.1)

 

 In the eye, there is no change in gravitational energy of the blood as it circulates, thus the 
formula is

     
t k .E E K+ =     (1.2)

     
t ,E PH=

     
(1.3)

where  P  = intravenous pressure, and  H  = volume of the blood.

     
( ) 2

k 1/2 ,E MV=
 
   
 

(1.4)

where  M  = mass of the blood and  V  = velocity of the blood. 
 Dividing Eq.  1.2  by volume gives

     
2 /2 ,P V Kρ+ =

     
(1.5)

where   r   = density of the blood. 
 The reader should note that there is a published error in the literature on this topic. It is stated 

erroneously that Bernoulli’s principle is “pressure × (kinetic energy/volume) = constant.” 87  
 The energy of the blood in the prelaminar CRV equals the energy of the blood in the post-

laminar CRV, thus

     
prelaminar prelaminar postlaminar postlamin

2
ar

2/2 /2.P V P Vρ ρ+ = +
      

(1.6)
 

 We know from measurements that  P  
prelaminar

  >  P  
postlaminar

 . Therefore, it follows from ( 1.6 ) that

     prelaminar
2 2

postlaminar/2 /2.V Vρ ρ<      (1.7) 

 Canceling the common constants and taking the square root of both sides yield

     prelaminar postlaminarV V<      (1.8) 

 We also know that the prelaminar blood  fl ow ( Q  
1
 ) must equal the postlaminar blood  fl ow ( Q  

2
 ),

     prelaminar postlaminar orQ Q=      (1.9)

     prelaminar prelaminar postlaminar postlaminar .A V A V=      (1.10) 
 But

     2 2
prelaminar prelaminar postlaminar postlaminar/4 and /4,A D A Dπ π= =      (1.11)
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primary open-angle glaucoma with CRVO as 
opposed to the less reproducibly observed associa-
tion with BRVO, where this mechanism would not 
apply. 78  ,  92  

 The wall of the central retinal vein consists of 
a layer of endothelial cells, subendothelial con-
nective tissue, a medium consisting mostly of 
elastic  fi bers, a few smooth muscle cells, and a 
thin connective tissue adventitia. It is separated 
from the surrounding neural tissue by Muller cell 
and astrocyte processes. 

 Small collaterals connect the central retinal vein 
to the choroidal venous circulation, but they are 
hemodynamically unimportant unless an abnormal 
rise in retrolaminar central venous pressure devel-
ops. Behind the lamina cribrosa, there is an intran-
eural portion of the central retinal vein. Over this 
segment, the central retinal vein is subjected to the 
cerebrospinal  fl uid pressure as it is surrounded by 
the subarachnoid space that bathes the optic nerve. 
Once the central  retinal vein leaves the optic nerve, 
it primarily drains into the ophthalmic vein, 
although there are anastomoses with the angular 

vein (Fig.  1.18 ). Within the orbit, these veins are 
subjected to the orbital tissue pressure, which is 
normally low, but can rise in situations of thyroid 
orbitopathy, orbital tumors, and orbital hematomas. 
The angular vein drains to the facial vein and thence 
to the superior vena cava by larger connecting 
veins. Blood from both the central retinal vein and 
the vortex veins drains into the superior ophthalmic 
vein which in turn empties into the cavernous sinus 
and thence to the superior vena cava. Cavernous 
sinus thrombosis can lead to secondary CRVO. 36  ,  93   

 Certain normal relationships of retinal arteries 
and veins are observed. The normal ratio of diameter 
of  fi rst-order retinal veins to  fi rst-order  retinal arter-
ies in vivo is 1.3. 10  First-order retinal arterioles have 
diameter 115 ± 8  m  compared to 146 ± 16  m  for  fi rst-
order retinal veins. 10  At the site of an arteriovenous 
crossing, there is thinning of the ganglion cell, inner, 
and outer nuclear layers (p. 28). 94  In the more 
common instance of the artery crossing over the 
vein, the artery is located just beneath the internal 
limiting membrane, and the vein dips down to the 
level of the external limiting membrane (Fig.  1.19 ). 94  

where  D  
prelaminar

  = prelaminar CRV diameter and  D  
postlaminar

  = postlaminar CRV diameter. 
Substituting ( 1.11 ) into ( 1.10 ) and canceling the common constants yield   s

     2 2
prelaminar prelaminar postlaminar postlaminarDD V V=      (1.12) 

 Therefore, if ( 1.8 ) is true, then it follows that  D  
prelaminar

  >  D  
postlaminar

 , which is consonant with 
pathologic and Doppler ultrasonic evidence. 

Higher order
retinal branch

veins

Terminal
venules

Major (first order)
retinal branch veins

Central retinal vein

Hemicentral retinal vein

  Fig. 1.17    Terminology used for retinal veins. The central 
retinal vein is the sole vein that drains venous blood from 
the retina. Hemicentral retinal veins usually join in the 
optic disc cup to form the central vein but join deeper 
within the optic nerve in 20% of persons. Major branch 
veins, or  fi rst-order branch veins, represent the  fi rst four 

branches of the central retinal vein or the  fi rst bifurcations 
of the hemicentral retinal veins. Higher-order branch reti-
nal veins are subsequent branchings of the major branch 
retinal veins. Terminal venules are the smallest visible 
veins into which capillaries converge to drain (Redrawn 
from Beaumont and Kang 78  )        
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At points where larger branch retinal veins and arter-
ies cross, the two vessels share a common adventi-
tial sheath, and in some cases the media are shared, 
but this is lacking at smaller vessel  crossings. 95  At an 
arteriovenous crossing, the fused vessel wall can be 
as thin as 15  m  at the point of contact which is thin-
ner than the adjacent, nonshared arterial wall. 94  ,  96  

The lumen of the vein at the point of crossing is nar-
rowed to approximately 2/3 the diameter of the adja-
cent venous lumen (Fig.  1.19 ). 94   

 In normal eyes, the artery lies in front of the 
vein in 54–71% of arteriovenous crossings 
(Fig.  1.20 ). 50  ,  97  -  100  In the arteriovenous crossings 
associated with BRVO, however, the artery lies in 

  Fig. 1.19    Histologic section from the postmortem retina 
of a person with a clinically normal fundus. The retinal 
artery traveling across the page ( blue arrow ) crosses 
above the retinal vein pointed out of the page ( green 
arrow ). The artery and the vein share a wall ( orange 
arrow ) that is narrower at the point of crossing than the 
wall of the artery adjacent to the crossing. The inner 

nuclear layer is lost at the location of the vein, and the 
outer nuclear layer ( double headed yellow arrow ) is thin-
ner than at locations without the presence of the vein. The 
vein dips to the level of the external limiting membrane. 
The  turquoise arrow  denotes the retinal pigment epithe-
lium. The  red arrow  denotes the internal limiting mem-
brane (Reproduced from Seitz, 94  [p. 26])       
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  Fig. 1.18    Diagram of the 
venous drainage from the eye       
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front of the vein in 85–100% of cases implicating 
this anatomical relationship in the pathogenesis 
of the disease. 50  ,  97  -  102  In normal eyes, the percent-
age of arteriovenous crossings with the artery 
anterior to the vein is higher in the superotempo-
ral quadrant (78%) than the inferotemporal quad-
rant (70%) and higher in the temporal quadrants 
(74%) than the nasal quadrants (60%), possibly 
because of the embryological relationship of the 
CRA nasal to the CRV. 50  ,  99  The parallelism with 
the regional variation in BRVO, in which 58–66% 
occur in the supero temporal quadrant, 20–38% in 
the inferotemporal quadrant, and 2–16% in the 
nasal quadrants, suggests the importance of arte-
riovenous crossings in the pathogenesis of the 
disease. 99  ,  100  ,  102  -  104   

 In an anatomical study of arteriovenous cross-
ings in donor eyes from nonhypertensive sub-
jects, artery-over-vein crossings were noted to 
have focal reductions in venous lumens in 27% 
(3/22) of cases, compared to no cases of vein-
over-artery crossings, possibly providing an ana-
tomic basis for the observation that 
artery-over-vein crossings are preferential sites 
for BRVO. 95  Second-order AV crossings are most 
commonly involved (52–79%), with  fi rst-order 
veins less commonly involved (21–35%). 99  ,  103  
More peripheral BRVOs are least common but 
are probably underdiagnosed because they are 
asymptomatic. 105  The proportion of arteriovenous 

crossings with artery anterior to vein may be 
somewhat lower in BRVOs at  fi rst order com-
pared to second-order AV crossings. 103  Because 
retinal veins lose muscularis more peripherally in 
the retina, it is possible that the retinal veins at 
second-order AV crossings are more compress-
ible. 103  In only 4.9% of cases does a BRVO occur 
at a location other than an arteriovenous cross-
ing. 78  ,  106  In such cases, some other nonanatomic 
factor (such as in fl ammation, e.g., in sarcoidosis) 
is hypothesized to explain the location of the 
occlusion. 107  

 The anatomic status of the vitreous has a rela-
tionship to sequelae of BRVO and CRVO. In 
ischemic CRVO, posterior vitreous detachment 
protects against development of retinal and disc 
neovascularization, but not anterior segment neo-
vascularization. 30  In nonischemic CRVO, but not 
in ischemic CRVO, posterior vitreous detachment 
protects against development of macular edema. 30  
The attached posterior vitreous is thought to 
retard diffusion of cytokines away from the site of 
action in the retinal microvasculature and to pro-
vide a scaffold for the growth of new vessels. 30    

    1.4   Pathologic Anatomy 

 An understanding of all retinal vein occlusions can 
be organized by Virchow’s triad of one  anatomic 
emphasis and two physiologic emphases:

    1.    Abnormalities of the vessel walls  
    2.    Abnormalities of the blood coagulability and 

viscosity  
    3.    Abnormalities of blood  fl ow 108      

 From an epidemiologic perspective, the most 
important of these three categories is a pathoana-
tomic one – degenerative changes in the vessel 
walls – and we will cover this category in the 
present chapter. 109  Categories 2 and 3 relate more 
to physiology and will be covered in Chap.   2    . 
The pathoanatomy of CRVO and HCRVO are 
considered to be identical and distinct from that 
of BRVO. 1  ,  110  ,  111  Although many clinical studies 
have lumped HCRVO with BRVO, the evidence 
is strong that they are dissimilar. 112  

  Fig. 1.20    A frame from the mid-phase  fl uorescein angio-
gram of the inferotemporal quadrant of the retina of a nor-
mal eye. The  yellow arrows  indicate arteriovenous 
crossings in which the artery lies in front of the vein. The 
 turquoise arrow  indicates an arteriovenous crossing in 
which the vein lies in front of the artery. Approximately 
54–71% of arteriovenous crossings are normally of the 
“artery in front of vein” type       
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    1.4.1   Abnormalities of 
the Vessel Wall 

 For RVOs in general, the most common explana-
tion of the etiology is that arteriosclerotic hyper-
trophy of a neighboring arterial wall causes 
compression of the involved vein where the artery 
and vein share a common indistensible sheath. 113  
Compression of the vein causes increased retinal 
venous blood  fl ow velocity by the Bernoulli 
effect, increased shear stress of blood on the 
venous endothelium, turbulence of blood  fl ow, 
endothelial injury, and secondary thrombo-
sis. 101  ,  105  ,  114  Hyperglycemia in diabetes increases 
retinal vascular  fl ow, produces a hypercoagulable 
state of the blood, and may predispose for such a 

scenario. 115  In the case of BRVO and possibly 
CRVO, sclerosis of the vessel wall and basement 
membrane thickening, as may occur with aging, 
hypertension, and diabetes, may limit the ability 
of the vessel wall to autoregulate in response to 
local metabolic changes which may increase risk 
for thrombosis. 115  Abnormalities of aortic disten-
sibility in patients with BRVO support the asso-
ciation of atherosclerotic arterial wall changes 
and BRVO. 116  

 Among the most clearly de fi ned mechanisms 
mediating venous wall injury is the metabolic path-
way for homocysteine and its derangements. 
Homocysteine is a sulfur-containing amino acid 
formed during the metabolism of methionine 
(Fig.  1.21 ). Hyperhomocysteinemia occurs as a 
result of several different genetic mutations 
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  Fig. 1.21    Metabolic pathway for homocysteine. 
Homocysteine is either metabolized to cystathionine and 
cysteine by transsulfuration or is remethylated to form 
methionine again. The remethylation pathway is catalyzed 
by the enzyme methionine synthase. The methyl group is 
donated by 5-methyltetrahydrofolate. Cobalamin (vitamin 

B12) is required for this reaction. A de fi ciency of vitamin 
B12 will tend to increase plasma homocysteine by 
decreasing the activity of this pathway. Likewise, a 
de fi ciency of folate will decrease the concentration of tet-
rahydrofolate and slow remethylation, increasing plasma 
homocysteine       
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(see Chap.   3    ) and from effects of diet and other 
 conditions (see Chap.   5    ). Hyperhomocysteinemia 
may be toxic to vascular walls by promoting deoxy-
ribonucleic acid hypomethylation and expression 
of genes that mediate endothelial cell growth, by 
increasing oxidative stress of endothelial cells, and 
by promoting in fl ammation. All these effects lead 
to vasoconstriction, vascular intimal thickening, 
medial hyperplasia and hyalinization, and narrow-
ing of the arteriolar lumen. 117  Much of the vascular 
effect of homocysteine dysregulation involves the 
arteriolar wall. However, an indirect in fl uence on 
RVO may be exerted by virtue of the intimate con-
nections of central retinal artery and vein near the 
lamina cribrosa and of branch retinal arteries and 
veins at arteriovenous junctions within the retina.   

    1.4.2   Branch Retinal Vein Occlusion 

 Pathologic studies of acute human BRVO are rare, 
but animal models have been developed to simu-
late the early processes that may occur in human 
BRVO. In a pathologic study of acute BRVO 
induced in rhesus monkeys by laser photocoagu-
lation, in the  fi rst 6 h after occlusion, the capillary 
endothelium was undamaged, but the retinal nerve 
 fi ber layer showed intracellular edema with swol-
len mitochondria. 118  Somewhat later, vacuolation 
developed in the nerve  fi ber layer with a regional 
gradient showing less severe changes adjacent to 
arterioles and worse changes adjacent to down-
stream venules. From 5 to 24 h postocclusion, 
erythrocytes were found outside the capillary 
lumen, lodged beneath the endothelial basement 
membrane, as well as in the extravascular tissues 
of the nerve  fi ber layer and outer plexiform 
layer. 118  By 35 days postocclusion, capillary cel-
lularity was lost and basement membrane ghosts 
remained, often invaded by processes of Muller 
cells. Photoreceptors and outer retinal cellularity 
were unaffected. 118  Using a similar model of laser-
induced BRVO in cynomolgus monkeys, collat-
eral vessels developed and became fewer and 
larger in diameter over time. 119  

 Although the disease is called branch retinal 
vein occlusion, the root cause of the condition is a 
diseased artery. The pathophysiology of BRVO 

invokes the nearly universal  fi nding that they 
occur at arteriovenous crossings. High shear stress 
gradients and turbulent  fl ow cause reac tive prolif-
erative changes in endothelial cells, endothe lial 
damage, a nidus of clot with subsequent worsen-
ing, and eventual occlusion. 97  ,  120  -  122  Evidence sup-
porting this scenario is found in  fl uorescein 
angiography of BRVO cases in which the abrupt 
conversion of laminar venous blood  fl ow to more 
homogeneous mixing of the  fl uoresceinated blood 
downstream to the involved arteriovenous cross-
ing can be seen. 105  In 7% of cases, thrombus can 
be identi fi ed always downstream of the AV cross-
ing, but the signs are subtle. 101  Usually, the throm-
bus is white secondary to aggregated platelets 
with red  fl ecks, and the venule wall is dilated at 
the site (Fig.  1.22 ). 101  In the FA, there is abnormal 
 fl ow either as sidestream  fl ow in which the central 
lumen is closed but the peripheral lumen has a 
small patent channel or else there is central 
narrowing of the lumen, reduced blood  fl ow 

  Fig. 1.22    A 69-year-old man with hypertension devel-
oped an inferotemporal BRVO of the left eye. This mono-
chromatic fundus photograph of the involved arteriovenous 
crossing shows that the vein passes over the artery, an 
uncommon  fi nding in BRVO. The thrombus can be seen 
as a white mass in the venous lumen just proximal to the 
crossing ( red arrow ). Small venous collaterals ( green 
arrow ) allow blood to  fl ow around the thrombus       
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downstream, and late staining focally. 101  The 
abnormal  fl ow may correspond to recanalized 
thrombi. 106   

 Fresh and recanalized thrombi have been his-
tologically identi fi ed at the site of BRVO. 
Recanalization can occur within 3 weeks in an 
experimental model of BRVO in cats. 123  Once 
occlusion occurs, collateral vessels that carry 
venous  fl ow between retinal sectors enlarge and 
mature over a period of 6–24 months. 105  More 
underlying normal but hidden venular anastomo-
ses exist in the perimacular area, whence the 
 fi nding that collateral vessels after BRVO are 
particularly commonly seen there. 105  

 Human pathologic studies of more chronic 
BRVOs are more common. At arteriovenous 
crossings, but not venous–arteriolar crossings 
within the retina, the direction of the vein changes 
as it crosses beneath the artery. 95  The change of 
direction is more pronounced, the larger the ves-
sel caliber. Thickening of the adventitia and 
strati fi cation of the basement membrane of the 
vein wall opposite the point of contact with the 
overlying arteriole are also seen (Fig.  1.23 ). 95  
Whether this thickening arises from change in 
direction of the vein or as a response to turbulent 
blood  fl ow at the crossover is unknown. 95  In 27% 
of cases of 11 cases of BRVO, the vein lumen 

was reduced in diameter at the arteriovenous 
crossing (Fig.  1.24 ). 95    

 A pathologic study showed that the vein down-
stream to a BRVO was narrowed relative to the 
dilated vein upstream of the occlusion. 114  
Recanalization of the occluded vein was evident 
(Fig.  1.25 ). In the area found to have capillary 
nonperfusion by  fl uorescein angiography during 
life, loss of the nerve  fi ber layer, ganglion cell 
layer, and inner nuclear layer was found 
(Fig.  1.26 ). 114  ,  121  New vessels extending into the 
vitreous cavity were demonstrated at the border 
of nonperfused and perfused retina and at the 
disc. 114  Other pathologic studies found loss of 
cellularity of the retinal capillary bed, cystic 
spaces especially prominent in the outer retina, 
recanalization of thrombi, sclerotic arterioles at 
involved arteriovenous crossings, associated 
epiretinal membranes, and hyperplastic retinal 
pigment epithelium (Fig.  1.27 ). 121      

    1.4.3   Central Retinal Vein Occlusion 

 Our understanding of the pathoanatomy that leads 
to CRVO is not as clear as for BRVO because the 
site of the occlusion cannot be examined clini-
cally during the process. Also, there have been 

  Fig. 1.23    Photomicrograph of an arteriovenous crossing 
from a nonhypertensive donor eye. The  orange arrow  
denotes focal basement membrane strati fi cation opposite 
the site of the crossing. The  green arrow  denotes the 
shared adventitia between larger crossed arteries and 
veins. This tissue is severed in arteriovenous sheathotomy 
for BRVO. The  blue arrow  indicates the lumen of the 
overlying artery (Reproduced with permission from 
Jefferies et al. 95  )        

  Fig. 1.24    Photomicrograph of an arteriovenous crossing 
from a nonhypertensive donor eye. The  orange arrows  
denote a focal narrowing of the vein lumen by the artery. 
The  green arrow  denotes the shared adventitia between 
larger crossed arteries and veins. This tissue is severed in 
arteriovenous sheathotomy for BRVO (Reproduced with 
permission from Jefferies et al. 95  )        
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few pathologic studies in humans with recent 
CRVO and fewer experimental pathologic studies 
in animals. Nevertheless, the common feature in 
both cases of an indistensible sheath binding an 
adjacent vein and sclerotic artery suggests that a 
similar scenario may be occurring (Fig.  1.28 ). 124  
In the absence of a competing plausible hypothe-
sis, the leading explanation for events is the same 
hypothesis based on turbulent venous blood  fl ow, 
endothelial injury, and subsequent thrombosis. 124  
In fl ammatory cells are recruited within the throm-
bus, the wall of the vein, and in the perivenous 
tissue after several weeks, during which organiza-
tion of the clot occurs and eventual recanalization. 
There is no pathological evidence to suggest that 
phlebitis is the primary event, as has been sug-
gested in CRVO found in young patients. 124   

 Any condition that contributes to further nar-
rowing of the CRV as it passes through the choke 
point of the lamina cribrosa could theoretically 
increase turbulence of venous blood  fl ow and 
predispose to CRVO. 129  Such conditions would 
include optic disc edema, optic disc drusen, hem-
orrhage within the optic disc, and a subdural 
cerebral hemorrhage. 51  ,  92  ,  124  Although theoreti-
cally a small scleral outlet or small cup to disc 
ratio might be suspected of predisposing to CRVO 
and has been raised as a possible anatomic risk 
factor, there is no evidence to support either. 3  ,  51  ,  92  
In the case of a small scleral outlet, absence of 
evidence simply re fl ects absence of an effort to 
date to test the hypothesis. 3  

 In a pathologic study of 29 eyes that had suf-
fered CRVO, most cases had a thrombus at and 
posterior to the lamina cribrosa with some show-
ing involvement slightly anterior to the lamina cri-
brosa (Figs.  1.29  and  1.30 ). 47  ,  124  Nonischemic 
CRVOs are hypothesized to have clots more poste-
rior than the lamina cribrosa with more collateral 
veins available to provide egress for blood around 
the clot. 125  The more posterior the occlusion 
occurs, the more collateral channels there are 
available for venous blood  fl ow. In this hypothesis, 
a relatively posterior location of thrombus corre-
lates with a less ischemic form of CRVO. 80  The 
phenomenon of conversion from a nonischemic to 
an ischemic CRVO is hypothesized to represent 
progression of thrombosis from a more posterior 

a

b

  Fig. 1.25    Photomicrograph of an arteriovenous crossing 
in the postmortem eye that had a branch retinal vein occlu-
sion 4 years before. The  arrow  points to the occluded 
branch vein with a single channel of recanalization. Just 
superior to and abutting the occluded, recanalized vein is 
a sclerotic arteriole (Reprinted with permission from 
Bowers et al. 114  )        

  Fig. 1.26    Photomicrograph    of involved retina after 
BRVO. There is inner retinal atrophy with loss of all lay-
ers down to and involving the inner portion of the inner 
nuclear layer (atrophic area spanned by the  double headed 
red arrows ). The outer nuclear layer is denoted by the  yel-
low oval  (Reproduced with permission from Frangieh 
et al. 121  )        
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initial location to a more anterior location closer to 
the lamina cribrosa. 126  ,  127  Unfortunately, whereas 
there is no histopathologic evidence to refute such 
a narrative, there is also no histopathologic evi-
dence to support this account of events. 128  Available 
pathologic specimens of CRVO are not representa-
tive of the spectrum of eyes with CRVO; thus, the 
critical role played by collaterals in this narrative 
cannot be tested based on the available histopatho-
logic material. 47  In the 29 cases of CRVO exam-
ined histopathologically by Green et al., collateral 
vessels were found within the optic nerve in only 1 

case, a lower proportion than is noted clinically 
and a warning against overgeneralization from the 
sample studied. 124     

    1.4.4   Hemicentral Retinal Vein 
Occlusion 

 CRVO and BRVO have clear differences in patho-
anatomy and pathophysiology, but conceptions 
of the differences with HCRVO are inconsistent. 

a b

c d

  Fig. 1.27    Trypsin digest preparation of the retina in 
an area of previous BRVO. ( a ) The retinal capillary 
bed shows numerous areas of acellularity ( asterisks ). 
Precapillary arteriolar and postcapillary venular channels 
have beading and dilation ( arrows ). ( b ) Higher 
magni fi cation of the acellular capillaries ( asterisk ) and 
beaded arterioles and veins ( arrows ). ( c ) Retina from an 

uninvolved region of retina shows normal cellularity of 
the capillaries with a 1:1 ratio of pericytes ( arrows ) to 
endothelial cells ( arrowheads ). ( d ) Magni fi ed view of the 
capillary bed from a part of the retina within the region of 
the BRVO. Only a rare pericyte ( arrow ) can be seen 
(Reproduced with permission from Frangieh et al. 121  )        
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  Fig. 1.28    Coronal    section 
through the lamina cribrosa of 
a normal eye showing the 
central retinal artery ( A ) and 
the central retinal vein ( V ). 
The wall of the artery indents 
the lumen of the vein as both 
vessels are surrounded by 
compact  fi brous tissue 
(Reproduced with permission 
from Green et al. 124  )        

  Fig. 1.29    Pathologic    slide of an eye with a central retinal 
vein occlusion (CRVO) that occurred within 24 h of death. 
Based on visual acuity of hand motions at 2 ft, there is a 
high likelihood that this patient had an ischemic CRVO. 
The  asterisk  denotes a patent central retinal artery. Fresh 
thrombus is present in the central retinal vein at and just 

posterior to the lamina cribrosa ( arrowhead ). The poste-
rior extent of the lamina cribrosa is indicated by  red lines . 
A light scattering of intraneural hemorrhage is present 
nasally ( arrows ) in this patient who had thrombocytope-
nia with a platelet count of 8,000 and acute myelogenous 
leukemia (Reproduced with permission from Green 124  )        
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When lumping is done, most lump HCRVO with 
CRVO since the pathophysiology is similar. 110  ,  111  
Other studies however have lumped HCRVO 
with BRVO. 112  For the most part, the pathoanat-
omy of HCRVO is considered to be identical to 
that of CRVO with the modi fi cation that one or 
two of the hemicentral veins can be occluded. 
When two are occluded, the loci of the occlusions 
may be at different distances posterior to the lam-
ina cribrosa. Thus, it is possible to have a clinical 
situation where both HCRVs are occluded, but 
one is occluded more anteriorly, with greater 
 retinal ischemia, and one is occluded more poste-
riorly, leading to a nonischemic hemicentral vein 
occlusion in half of the fundus. 80    

    1.5   Summary of Key Points 

    RVOs have multiple predisposing and precipi-• 
tating factors, and in any given case, the con-
tributing factors may differ.  
  Eyes with RVOs are on average slightly shorter • 
than eyes without RVO.  
  The layers seen in spectral domain optical • 
coherence tomographic images correlate well 

with retinal histologic layers.  
  The inner-segment/outer-segment junction is an • 
important optical coherence tomographic land-
mark with prognostic importance in RVOs.  
  The inner and outer nuclear layers are bottle-• 
necks for molecular diffusion across the retina.  
  Cotton wool spots represent axoplasmic  fl ow • 
stasis in ganglion cell axons due to focal 
ischemia.  
  The blood–retina barrier is composed of zonula • 
occludens junctions between retinal pigment 
epithelial cells and vascular endothelial cells.  
  Among the vitreous functions, the ones most • 
relevant to RVOs are loculation of cytokines 
that in fl uence vasopermeability, slowing of 
convection currents of oxygenated aqueous 
from the ciliary body, and provision of a scaf-
fold for angiogenesis.  
  The staircase of retinal vascular luminal diam-• 
eters is

   Central retinal artery (170   – m )  
  Branch retinal arteries (120   – m )  
  Peripheral arterioles (15   – m )  
  Capillaries (5   – m )  
  Terminal venules (20   – m )  
  Branch retinal veins (180   – m )  
  Central retinal vein (200   – m )     

  Fig. 1.30    Higher 
magni fi cation view of the 
thrombus in the central retinal 
vein from Fig.  1.27 . The 
thrombus is attached to the 
wall of the vein at a location 
denuded of endothelium 
( arrowhead ). Some hemor-
rhage is present in the nasal 
optic nerve ( arrow ) 
(Reproduced with permission 
from Green 124  )        
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  Hemicentral retinal veins are found in 20% of • 
eyes.  
  There are normal, hemodynamically unim-• 
portant anastomoses between terminal venules 
of adjacent retinal sectors, but not between 
arterioles of adjacent sectors. The venular 
anastomoses dilate in BRVO and HCRVO.  
  There are normal, hemodynamically unim-• 
portant anastomoses between terminal venules 
at the optic disc and the choroid. These dilate 
with CRVO or HCRVO.  
  The central retinal vein narrows at the lamina • 
cribrosa.  
  The central retinal artery and vein are enclosed • 
by a common, indistensible  fi brous sheath 
thought to be important in the pathogenesis of 
CRVO and HCRVO.  
  At the intraretinal crossing of a branch retinal • 
artery and vein, the two are enclosed by a 
common, indistensible  fi brous sheath thought 
to be important in the pathogenesis of 
BRVO.  
  CRVO is thought to arise from thrombosis of • 
the central retinal vein at variable distances pos-
terior to the lamina cribrosa. The thought is that 
the more anterior the clot, the more ischemic the 
occlusion due to the relative absence of collater-
als for drainage of venous blood to the choroid.  
  BRVO is thought to arise from thrombosis at • 
the branch retinal vein where it is overcrossed 
by a sclerotic artery.         
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 The pathophysiology of retinal vein occlusion 
(RVO) consists of the three components of Virchow’s 
triad – abnormalities of the vessel wall (considered 
in Chap.   1    ), alterations in the blood (e.g., abnormal-
ities of viscosity and coagulation), and alterations in 
blood  fl ow. 1  This chapter addresses alterations of 
the blood and of blood  fl ow. 

 This chapter begins with thrombosis, the cause 
of the venous occlusion, followed by retinal 
hemodynamics, the driving force for transuda-
tion, including a review of vascular autoregula-
tion. Then it covers pathophysiologic processes 
that result from venous occlusions including 
macular edema, serous retinal detachment, and 
intraocular neovascularization. The underlying 
processes include:

   Oxygenation of the retina  • 
  Regulation of the blood–retina barrier  • 
  Active transport across the retinal pigment • 
epithelium  
  Biochemical pathways involved in angiogenesis  • 
  Glial–vessel interactions  • 
  Intrinsic functions of retinal endothelial cells • 
and pericytes such as contractility, antioxida-
tion, and antithrombosis 2     

 Coverage of physiologic concepts relevant to 
RVO involves formulas, biochemical pathways, 
and conceptual block diagrams involving abbre-
viations. Within the text, each abbreviation will 
be introduced at the  fi rst occurrence of the term it 
represents. For ease of reference, these abbrevia-
tions are listed in Table  2.1 .  

    2.1   Abnormalities of the Blood 

    2.1.1   Thrombosis 

 Thrombosis and thrombolysis are involved in 
every RVO, so an understanding of these bio-
chemical pathways is important. Paradoxically, 
predisposition to thrombosis, thrombophilia, has 
the least impact of the three components of 
Virchow’s triad from a public health perspective 
(abnormalities of the vessel wall have the most). 3  
Nevertheless, thrombophilia plays a role in a few 
RVOs, and familiarity with genetic and acquired 
maladies of coagulation and  fi brinolysis has a 
role in clinical care of some patients. 

 Thrombosis can be considered to be the result 
of an imbalance of opposing pathways – coagula-
tion (Fig.  2.1  and Table  2.2 ) and  fi brinolysis 
(Fig.  2.2 ). A common pathway leading to throm-
bosis in all forms of RVO can be outlined as 
 follows. Retinal venous endothelium becomes 
damaged from turbulent blood  fl ow induced by an 
adjacent sclerotic arteriole. This exposes types I 
and III collagen  fi brils to the lumen where they 
bind to platelet receptors. The most important 
ligand for platelet adhesion receptors is von 
Willebrand factor (VWF) a glycoprotein present 
in blood plasma and produced by endothelium, 
megakaryocytes, and subendothelial connective 
tissue. VWF links the exposed collagen to platelet 
glycoprotein (GP) receptor Ib (GPIb) and binds 
factor VIII which promotes further platelet 
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 adhesion to the endothelium. 5  ,  6  Therefore, higher 
than normal levels of VWF are prothrombotic. 
Thrombospondin that is stored in platelets is 
released upon platelet adhesion and subsequent 
activation, overcoming the antithrombotic effects 
of nitric oxide and boosting further adhesion of 
platelets to the damaged vessel wall. Other ligands 
that attach to platelet receptors and mediate plate-
let clumping at endothelial wounds include lami-
nin,  fi bronectin, vitronectin, and  fi brinogen. There 
are many other platelet adhesion receptors besides 
GPIb. Their relative importance and roles are 
being studied. 6  -  8     

 Once platelets adhere to a damaged venous 
wall, they bind others into a growing nidus. 
Platelet-to-platelet adhesion is mediated by 
GPIIb/GPIIIa receptors that are normally hidden, 
but are exposed for binding by platelet activation. 
Adenosine diphosphate, epinephrine, thrombin, 
and adhesion of the platelet to collagen lead to 
exposure of the GPIIb/GPIIIa receptors. This 
happens either indirectly via a pathway mediated 
by arachidonic acid release or directly if the 
arachidonic acid pathway is blocked. 8  Fibronectin 
stored in platelets is released during platelet acti-
vation and further mediates platelet–platelet 
adhesion. 6  

 The negatively charged platelet surface pro-
vides a platform for assembly of activated coagu-
lation factors that results in thrombin generation. 6  
Selectins are cellular adhesion molecules released 
during platelet activation that are important in this 
process, promoting  fi brin formation. 6  A  myriad of 

Table 2.1 (continued)
 TPA  Tissue plasminogen activator 
 TGF  Transforming growth factor 
  P   Transmural pressure for the vessel wall 
 TNF  Tumor necrosis factor 
 VEGF  Vascular endothelial growth factor 
 VEGFR  Vascular endothelial growth factor 

receptor 
 VOP  Venous out fl ow pressure 
  L   Vessel length 
  R   Vessel radius 
  T   Vessel wall tension 
   h    Viscosity of the blood 
 VWF  Von Willebrand Factor 

   Table 2.1    Abbreviations used in pathophysiology of 
retinal vein occlusions   

 Abbreviation  Term 

 ACE  Angiotensin-converting enzyme 
 AT  Antithrombin 
 AU  Arbitrary units 
 bFGF  Basic  fi broblast growth factor 
 BAB  Blood–aqueous barrier 
 BRB  Blood–retina barrier 
  Q   Blood  fl ow in volume per second 
 BRVO  Branch retinal vein occlusion 
 CRA  Central retinal artery 
 CRV  Central retinal vein 
 CRVO  Central retinal vein occlusion 
 DBP  Diastolic blood pressure 
 EGF  Epidermal growth factor 
 EPO  Erythropoietin 
 GP  Glycoprotein 
 HIF  Hypoxia-inducible factor 
 IGF  Insulin-like growth factor 
 ICAM-1  Intercellular adhesion molecule-1 
 IP-10  Interferon-gamma-inducible 10-kD 

protein 
 IL  Interleukin 
 IOP  Intraocular pressure 
 MIP  Macrophage-inhibitory protein 
  P  

a
   Mean arterial pressure 

 MCP  Monocyte chemotactic protein 
 MIG  Monokine induced by interferon gamma 
 NVI  Neovascularization of the iris 
 NO  Nitric oxide 
 NF-  κb   Nuclear factor-kappa  b  
 OPP  Ocular perfusion pressure 
 PRP  Panretinal photocoagulation 
 pO 

2
 , pCO 

2
   Partial pressure of oxygen, 

carbon dioxide 
 PTT  Partial thromboplastin time 
 PEGF  Pigment epithelial derived 

growth factor 
 PGF  Placental growth factor 
 PAI  Plasminogen activator inhibitor 
 PDGF  Platelet derived growth factor 
 PCA  Posterior ciliary artery 
 Δ P   Pressure drop along a length of vessel 
 PT  Prothrombin time 
 PG  Prostaglandins 
 RAS  Renin angiotensin system 
 RPE  Retinal pigment epithelium 
 RVO  Retinal vein occlusion 
  P  

V
   Retinal venous pressure 

 RNA  Ribonucleic acid 
 SVP  Spontaneous venous pulsations 
 SBP  Systolic blood pressure 
 ZO-1  Tight junction protein 
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Antithrombin

Inactive protein C
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Thrombin
IIaCa PL

Va

Xa

PL
Ca

IIa
VIII

IX

XIXIa

XIIa XII

IXa

VIIIa

VIIa
VII

Ca

Prothrombin
II

X

Tissue

factor

Surface

contact

Extrinsic
(tissue factor)

Intrinsic
(contact activation)

Coagulation sequence Anticoagulants

  Fig. 2.1    Simpli fi ed diagram of the biochemical pathway 
for coagulation.  Red lines  represent actions of anticoagu-
lants. There are positive feedback loops (the action of 
thrombin on factor V, which then acts on prothrombin) 

and negative feedback loops (the action of thrombin on 
protein C, which when activated degrades factor Va).  Ca  
calcium,  PL  phospholipid (Redrawn from Vine and 
Samama 3  )        

   Table 2.2    Procoagulant and anticoagulant factors   

 Procoagulant factors  Anticoagulant factors 

 Factors II, V, VII, VIII, IX, 
X, XI, XII 

 Protein C 

 Fibrinogen  Protein S 
 Von Willebrand Factor  Antithrombin 
 Alpha 2 plasmin inhibitor  Tissue factor inhibitor 
 Plasminogen activator 

inhibitor-1 (PAI-1) 
 Heparin cofactor II 

 Plasminogen activator 
inhibitor-2 (PAI-2) 

 Thrombomodulin 
 Plasminogen 
 Tissue plasminogen 

activator 

  Table summarizing procoagulant and anticoagulant fac-
tors involved in the coagulation pathway 4   

Factor XIa, XIIa
Kallikrein

Thrombin-activatable
fibrinolysis inhibitor

α2-macroglobulin

α2-antiplasmin

Tissue plasminogen
activator (tPA)

Plasminogen activator
inhibitor 1 & 2

Urokinase

Thrombin

Fibrin

Plasminogen

Plasmin

Fibrin degradation
products

  Fig. 2.2    Pathway for  fi brinolysis. The  blue arrows  indi-
cate promotion of  fi brinolysis. The  red arrows  denote 
inhibition of  fi brinolysis       
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further mediators of platelet–vascular wall inter-
action exist with a complicated mesh of feedback 
pathways that tip the scale toward or away from 
thrombosis. 6  

 The clotting cascade that is triggered on the 
platform of the platelet nidus is a series of bio-
chemical reactions resulting in the production of 
 fi brin from circulating  fi brinogen (Fig.  2.1 ). Most 
of the enzymes in the clotting cascade are serine 
proteases, but factors V, VIII, and XII are glyco-
proteins, and factor XIII is a transglutaminase. 9  
Clotting factors circulate as inactive precursors 
called zymogens. 

 There are two aspects of the clotting cascade, 
the extrinsic (or tissue-factor) system and the 
intrinsic (or contact-activation) system. The 
extrinsic system activates coagulation more often 
than the intrinsic system (Fig.  2.1 ). The extrinsic 
pathway begins when blood vessel damage acti-
vates factor VII through the mediation of tissue 
factor that is expressed by  fi broblasts and leuko-
cytes. The concentration of factor VII in the blood 
is the highest of all coagulation factors. Once fac-
tor VII is activated to factor VIIa, the other reac-
tions in the extrinsic pathway follow, beginning 
with the activation of factor IX and X. 3  

 In the intrinsic pathway, a stimulus such as 
exposure of subendothelial collagen promotes 
formation of a complex of high molecular weight 
kininogen, prekallikrein, and factor XII. Factor 
XII is activated and the reactions of the intrinsic 
pathway follow. The extrinsic and intrinsic path-
ways both lead to a  fi nal common pathway 
involving factor X, thrombin, and  fi brin. 3  
Thrombin converts  fi brinogen into  fi brin mono-
mers and indirectly serves to cross-link the fresh 
 fi brin thrombus, trapping erythrocytes, leuko-
cytes, and platelets. 10  ,  11  

 The  fi nal common coagulation pathway is 
subject to negative feedback in many ways. It is 
checked by antithrombin (AT), protein C, protein 
S, tissue factor pathway inhibitor, and heparin 
cofactor II. De fi ciencies of any of these factors 
are prothrombotic. 3  Antithrombin is an  a  

2
 - 

glycoprotein that is the main inhibitor of throm-
bin. Heparin potentiates its inhibition of thrombin, 
hence its synonym heparin cofactor. 12  ,  13  Once a 

clot has formed and covers damaged endothe-
lium, it extends until it reaches normal endothe-
lium where it interacts with thrombomodulin, a 
protein that binds thrombin and inactivates it. 
The thrombomodulin–thrombin complex acti-
vates protein C which in turn degrades procoagu-
lant factors Va and VIIIa retarding coagulation. 4  ,  14  
A genetic mutation in the factor V gene produces 
a resistance to the effect of activated protein C 
and leads to thrombophilia. 4  ,  14  ,  15  

 Of equal importance to the coagulation cas-
cade is the pathway for thrombolysis which bal-
ances coagulation (Fig.  2.2 ). Plasminogen is a 
zymogen released by the liver and activated to 
plasmin by several enzymes including tissue plas-
minogen activator, urokinase plasminogen activa-
tor, kallikrein, and factor XII. Plasmin degrades 
 fi brin, so a plasminogen de fi ciency is prothrom-
botic. Tissue plasminogen activator (TPA) is 
secreted by vascular endothelium and promotes 
the proteolysis of  fi brin in the presence of plasmi-
nogen. Exercise, venous occlusion, epinephrine, 
nicotinic acid, desmopressin acetate, and ethanol 
increase the basal concentration of TPA. 16  The 
complexity of the pathways is illustrated by the 
presence of inhibitors of TPA including alpha 2 
plasmin inhibitor, plasminogen activator inhibitor 
(PAI)-1, and PAI-2. Elevation in all of these are 
prothrombotic in fl uences. Thrombolysis depends 
on thrombus age with increasing age conferring 
resistance to lysis. 16  In clinical practice, patients 
are often excluded for consideration of attempts at 
thrombolysis if they are seen too long after onset 
of symptoms (e.g., >72 h). 17  

 The coagulation and  fi brinolysis systems form 
a basis for understanding thrombosis, but there 
are ancillary systems that add to the complexity. 
For example, antiphospholipid antibodies pro-
mote thrombosis. They are directed against phos-
pholipids on vascular endothelial and platelet 
membranes increasing the likelihood of platelet 
adherence to the vessel wall. Some of them impair 
the anticoagulant activity of activated protein C, 
reducing  fi brinolysis, and dysregulate the balance 
of the prostacyclin–thromboxane system, increas-
ing levels of VWF, impairing activity of throm-
bomodulin, and activating platelet aggregation. 18  
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Others bind to prothrombin, factor Xa, and pro-
tein S promoting coagulation. 19  

 In clinical care, the performance of the intrin-
sic system is measured by the partial thrombo-
plastin time (PTT) and the performance of the 
extrinsic system by the prothrombin time (PT). 3  
Thrombin–antithrombin complex is an indirect 
indicator of a systemically activated coagulation 
system and can be clinically useful. Higher val-
ues indicate an increase in thrombin generation, a 
re fl ection of a procoagulant diathesis. 20  

 A straightforward understanding of the clot-
ting pathway does not translate directly into 
clinical insight. For example, intuition suggests 
that a de fi ciency of factor VII would predispose 
to a bleeding disorder, but paradoxically, a 
genetic de fi ciency of factor VII is thrombo-
philic. 9  Some factors, such as factor XII, are 
involved in both the coagulation pathway and the 
 fi brinolysis pathway. Nevertheless, a de fi ciency 
of factor XII overall is prothrombotic. 21  When 
antiheparin antibodies develop after heparin 
therapy, the induced thrombocytopenia does not 
lead to increased bleeding as intuition would 
suggest, but rather to thrombosis, presumably 
because the antiheparin–platelet antibody also 
activates the clotting cascade. 22  Finally, throm-
bosis is a critical part of the pathophysiology of 
RVO, but there are many cases of RVO develop-
ing in patients taking warfarin, aspirin, other 
platelet-aggregation inhibitors, and combina-
tions of various anticoagulant drugs. 23  -  25  

 Beyond the acute stage of thrombosis, slower 
changes continue to occur. From 7 to 14 days 
after acute thrombosis,  fi broblasts, endothelial 
cells, and in fl ammatory cells invade the clot. 
From 3 to 8 months recanalization of the clot 
occurs. 10  ,  26   

    2.1.2   Viscosity of Blood 

 Generally, viscosity is the resistance to  fl ow of a 
 fl uid caused by friction between adjacent layers 
of the  fl uid. A precise de fi nition is the ratio of the 
applied force (shear stress) to the differential 

velocity of two layers of  fl uid (shear rate). For 
simple, or Newtonian,  fl uids such as water and 
plasma, the rate of  fl ow under nonturbulent con-
ditions is directly proportional to the applied 
force. Viscosity depends on temperature, increas-
ing as the temperature decreases. Newtonian 
 fl uids are assigned a relative viscosity de fi ned as 
their viscosity divided by the viscosity of water at 
the same temperature. Plasma at 37°C has a rela-
tive viscosity of 1.8. 

 For complicated, or non-Newtonian,  fl uids 
such as blood, the relationship of shear force to 
differential velocity of the  fl uid layers is depen-
dent on the shear rate as a result of molecular 
interactions among the cellular components, 
electrolytes, and proteins. A lower shear rate 
increases viscosity. The main determinants 
of blood viscosity are hematocrit and plasma 
 fi brinogen. The greater the number of red cells 
per unit volume, the larger the aggregates of 
red cells. Fibrinogen is the linking molecule 
in the red cell aggregates. 27  Blood viscos-
ity increases exponentially as the hematocrit 
increases (Fig.  2.3 ). 29  Greater rigidity of eryth-
rocytes, as in local acidosis or sickling, also 
increases viscosity. 27  Other variables including 
age, time of day, and posture in fl uence blood 
viscosity in less well-de fi ned ways. 30   
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  Fig. 2.3    Graph of the dependence of relative viscosity of 
blood on hematocrit (Redrawn from Whittaker and 
Winton 28  )        
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 In vivo, as blood enters capillaries, there is an 
effective reduction in hematocrit as the red cells 
move to the center of the lumen and plasma lines 
the walls, a phenomenon termed the Fahraeus–
Lindqvist effect. The reduced hematocrit lowers 
blood viscosity, an effect that more than offsets 
the increased blood viscosity resulting from the 
lower shear rate of blood within the capillaries. 
The net effect is that blood viscosity in capillaries 
is lower than that measured in vitro with a 
viscometer. 

 Because the retinal venous circulation is char-
acterized by low  fl ow and high vascular resis-
tance, it is particularly affected by blood 
viscosity. 31  Erythrocyte aggregation is the main 
determinant of blood viscosity at low  fl ow rates 
and has been found to be elevated in CRVO in 
some, but not all, studies. 31  Stagnation of blood 
 fl ow may predispose to thrombosis in the genesis 
of RVO and may worsen ischemia once RVO has 
occurred. 32  ,  33  As clotting begins, the molecular 
interactions of the proteins and cellular compo-
nents of the blood change, and the viscosity dra-
matically increases. Interventions for RVO that 
reduce hematocrit such as isovolemic hemodilu-
tion reduce the viscosity of the blood and increase 
retinal blood  fl ow velocity. 32    

    2.2   Abnormalities of Blood Flow 

    2.2.1   Retinal Vascular 
Hemodynamics 

 The driving pressure for blood  fl ow through the 
retinal vasculature is the ocular perfusion pres-
sure, de fi ned as:

     
[ ]( ) vOPP DBP SBP DBP / 3 ,P= + - -

   

where 
 OPP = ocular perfusion pressure 
 DBP = diastolic blood pressure 
 SBP = systolic blood pressure 
  P  

v
  = intravascular pressure in the major retinal 

veins 

 The term in parentheses is de fi ned as the mean 
arterial pressure,  P  

a
 .  P  

v
  normally approximates 

the intraocular pressure (IOP), thus under normal 
conditions   :

 
    

aOPP IOPP= -   
 

32  ,  33

  

 In actuality,  P  
v
  must be slightly greater than 

IOP for the retinal veins to remain patent. 
However, the transmural difference in pressure is 
small, so the approximation is reasonable. Some 
have suggested that primary open-angle glau-
coma predisposes an eye to CRVO because it 
reduces the OPP as can be seen from the 
equation. 34  

 The uveal venous pressure cannot be mea-
sured directly in humans and is dif fi cult to mea-
sure in animals, but logic suggests a lower 
bound. As long as blood  fl ows through the uveal 
veins, the uveal venous pressure must be slightly 
higher than the IOP. By indirect measurement 
methods in rabbits and imperfect direct mea-
surements in cats, it has been concluded that 
the uveal venous pressure is approximately 
1 mmHg higher than the intraocular pressure at 
normal and high IOP. 35  At high IOP, the partial 
collapse of the uveal veins increases their resis-
tance and allows their pressure to rise and main-
tain a slight elevation relative to IOP to maintain 
their patency. 

 Hemodynamic principles imply that the 
intravascular pressure is lowest in the venae 
cavae as they join the heart and increases 
toward the venous periphery. The same princi-
ple applies within the eye: the retinal venous 
pressure is lowest where the hemicentral reti-
nal veins join to form the central vein and 
increases toward the periphery of the retinal 
venous tree. In the choroid, the intravenous 
pressure is higher in the postcapillary venules 
than in the vortex veins. 36  Although we cannot 
directly measure intravascular pressure within 
many parts of the ocular vascular tree, these 
hemodynamic principles together with mea-
surements that we can make in the carotid 
artery and vena cava allow us to construct a 
diagram with hypothetical, but reasonable, 
estimates of intravascular pressures at different 
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points within the ocular and orbital vascular 
tree (Fig.  2.4 ).  

 Figure  2.4a  diagrams the anatomic structures 
involved, and Fig.  2.4b  simpli fi es the situation to 
a block diagram showing connections and intra-
vascular pressures at important locations within 

the circuit. Of course, pressure declines continu-
ously in traversing the circuit, not in steps, as is 
sketched. For heuristic purposes, the diagram 
makes explicit assumptions about intraluminal 
pressures at various points in the vascular circuit 
where actual measurements are lacking. 

  Fig. 2.4    ( a ) Diagram of the connections and circuits 
important in determining central retinal venous physiol-
ogy and hemodynamics. ( b ) Block diagram of A with 

measured intraluminal pressures where possible and 
assumptions where no measurements exist         
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    2.2.1.1   Laplace’s Law 

 Laplace’s law for thin-walled cylindrical vessels 
states that:

     ·T P R=    

where 
  T  = vessel wall tension 
  P  = transmural pressure for the vessel wall 
  R  = vessel radius (Fig.  2.5 )  

 A vessel is thin walled if the vessel radius is 
greater than  fi ve times the wall thickness, a condi-
tion met by retinal vessels. As an everyday exam-
ple of Laplace’s law, the wall tension of a balloon 
increases as the radius of the balloon increases 
while blowing it up. Laplace’s law is useful in 
estimating quantities such as capillary intralumi-
nal pressure that are impossible to measure with 
current techniques. For example, the radius of 
choroidal capillaries is larger than the radius of 
retinal capillaries, but the capillary walls are not 
thicker. Similar wall morphology and thickness 
suggest that an assumption of equal wall tension 
of choroidal and retinal capillaries is reasonable. 
Laplace’s law implies, therefore, that the intralu-
minal pressure in a choroidal capillary should be 
greater than that in a retinal capillary, although we 
are unable to measure either quantity. 37  

 Experimental evidence to the contrary is also 
interpreted using Laplace’s law. Blumenthal and 
colleagues did experiments showing that the reti-
nal circulation ceases at an intraocular pressure 
greater than that at which the choroidal circula-
tion ceases which is in turn higher than that at 
which the optic disc circulation ceases. 37  They 
raised intraocular pressure in human subjects 
using a scleral suction cup until the central retinal 
artery, choroidal, and optic disc circulations 
stopped. They then injected  fl uorescein dye into 
each subject’s brachial vein and slowly lowered 
intraocular pressure while recording the IOP at 
which dye appeared in the retinal, choroidal, and 
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  Fig. 2.5    Diagram illustrating Laplace’s law for a thin-
walled cylindrical tube such as a retinal vein.  R  radius of 
the tube,  P  intraluminal pressure,  T  wall tension       
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optic disc capillaries. They assumed that the 
resistance to blood  fl ow in all three vascular 
beds – retina, choroid, and optic disc – was pri-
marily determined by the capillaries. 

 Retinal vessels began to  fi ll when the IOP 
dropped below systolic pressure, the critical 
transmural pressure,  P  

critical transmural
 . Choroidal cap-

illaries  fi lled when the intraocular pressure fell 
further – when the IOP was 7 mmHg less than 
SBP. A typical value for the critical closing value 
for the choroidal circulation was approximately 
70 mmHg. 1  The intraocular pressure had to fall 
further, to approximately 60 mmHg, before the 
optic disc capillaries began to  fi ll. The applicable 
form of Laplace’s law in this experiment is 
    critical transmural /P T R=   . Histologic studies have 
shown that R for choroidal capillaries is greater 
than for retinal and optic disc capillaries. Based 
on similar capillary wall morphology and thick-
ness, the authors initially assumed that  T  was 
likely to be equal for choroidal and retinal capil-
laries. Laplace’s law would, therefore, imply that 
for the same  T ,  P  

critical transmural
 , should be lower for 

the choroidal circulation. Yet the results of the 
experiments were consistently the reverse:  P  

critical 

transmural
  was higher for the choroidal than the reti-

nal capillaries. From this counterintuitive obser-
vation, it was deduced that the tension in the wall 
of a choroidal capillary was higher than in the 
wall of a retinal capillary. The authors named this 
incremental capillary wall tension the vascular 
tone and concluded that it must be higher in the 
choroid than the retina or optic disc. 37   

    2.2.1.2   Poiseuille’s Law 

 Poiseuille’s law expresses how intraluminal pres-
sure varies for a  fl uid traveling down a cylindrical 
tube. It states that the pressure drop over a 

 segment of a vessel increases if the vessel radius 
decreases or the segment length increases and 
that the dependence on radius is far stronger than 
that on segment length. Mathematically,

     
48 / ,P Q L RD = h

   

where 
 Δ P  = change in intravascular pressure over the 
length of a vessel 
  Q  = blood  fl ow in volume per second 
   h   = blood viscosity 
  L  = vessel length 
  R  = vessel radius 

 Thus, when a retinal arteriole dilates, the pres-
sure drops less over the length of the arteriole, 
leading to an increase in intravascular pressure at 
the downstream capillaries. 

 Poiseuille’s law is signi fi cant in many clinical 
contexts. Consider, for example, the implications 
of arteriolar constriction to an affected sector of 
retina in BRVO after grid laser. 38  ,  39  Reduction in 
arteriolar radius implies that the intravascular pres-
sure transmitted to the retinal capillaries is 
decreased. Due to the fourth power dependence of 
the intravascular pressure gradient on vessel radius, 
even small changes in radius are associated with 
large decreases in retinal capillary pressure. 40  

 Poiseuille’s law is also applicable when con-
sidering the effects of elevated vascular endothe-
lial growth factor (VEGF) on retinal capillary 
luminal diameter. VEGF causes capillary lumi-
nal diameter to decrease as a result of endothe-
lial cell hypertrophy. According to Poiseuille’s 
law, this decreases the blood  fl ow across the reti-
nal capillary – assuming that the ocular perfu-
sion pressure has not changed – exacerbating the 
ischemia and promoting a further increase in tis-
sue hypoxia and VEGF upregulation. A vicious 
cycle resulting in retinal capillary nonperfusion 
could be the outcome, and indeed, conversion of 
less ischemic to more ischemic RVO has been 
observed. 41  

 A third application of Poiseuille’s law is in 
interpreting the retinal vascular response to 
hyperviscosity (Fig.  2.6 ). 42  Under conditions of 
hyperviscosity, retinal blood  fl ow decreases, and 

   1  The astute reader will question how a typical critical clos-
ing value can be approximately 70 mmHg and yet approx-
imately 7 mmHg less than SBP. SBP is usually quite a bit 
higher than 77 mmHg. The only thing I can think of is that 
the scleral suction cup gave the experimental subjects a bit 
of a vagal reaction. In any case, those numbers are what 
the paper states.  
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through autoregulation, retinal arterioles dilate. 
According to Poiseuille’s law, the downstream 
retinal capillaries and venules experience a higher 

intraluminal pressure because the pressure has 
dropped less over the arterial segment of the reti-
nal vascular tree.  
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  Fig. 2.6    Conceptual diagram of the decrease in the intra-
vascular pressure as blood traverses the retinal vascular 
tree. The diagram illustrates heuristically, but not from 
actual experimental data, the effect of vessel length and 
radius as expressed in Poiseuille’s law. That is, greater 
radius (dilation) is associated with a smaller pressure drop 
per unit length of vessel. The  black solid line  represents 
the normal drop in intravascular pressure. The  blue solid 
line  represents the autoregulatory response to hypervis-
cosity. The retinal arterioles dilate to keep blood  fl ow con-

stant. As a result, the intravascular pressure experienced 
by the retinal capillaries and venules increases. By virtue 
of the increased transmural pressure, the retinal capillar-
ies and venules passively dilate (Laplace’s law). In retinal 
vein occlusion, when the transmural pressure rises enough, 
vascular wall integrity is lost and intraretinal hemorrhages 
appear. Before intraretinal hemorrhages appear, blood–
retina–barrier breakdown is signaled by intraretinal edema 
(Redrawn from Menke 42  )        

  Fig. 2.7    Example of a patient with an acute branch reti-
nal vein occlusion and its effects on venous caliber. ( a ) 
Monochromatic color fundus photograph showing the 
abrupt change in venous diameter at the occlusion. Distal 
to the occlusion, the vein is dilated ( yellow oval ). Proximal 

to the occlusion, the venous diameter is threadlike and can 
barely be seen ( orange arrow ). ( b ) Frame from the late 
 fl uorescein angiogram showing the dilated vein upstream 
of the occlusion ( yellow oval ) and the thin venous seg-
ment downstream of the occlusion ( orange arrow )       
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 In retinal vein occlusions of all types, the veins 
dilate upstream of the thrombus in concert with an 
increase in intraluminal pressure. 43  We are unable 
to observe what happens downstream to the throm-
bus in a CRVO, but in BRVO, the downstream 
intraluminal pressure falls, as indicated by reduc-
tion in the vessel radius (Fig.  2.7 ). In a total venous 
occlusion, the blood pressure throughout the reti-
nal vascular tree proximal to the occlusion rises to 
the level of the central retinal artery pressure (or in 
the case of an eye with a cilioretinal artery, to the 
level of the posterior ciliary artery pressure). 37       

    2.2.1.3   Hemodynamics of Central Retinal 
Vein Occlusion 

 The intravascular pressure of the intraocular cen-
tral retinal vein is higher than the intravascular 
pressure of the extraocular central retinal vein as 
long as the vein has not collapsed. The intravas-
cular pressure of the intraocular central retinal 
vein approximately equals the IOP (Fig.  2.4b ). 
There is no direct way to measure the intravascu-
lar pressure of the central retinal vein after it 
passes through the lamina cribrosa, but we can 
estimate it by virtue of the venous collapse phe-
nomenon. 46  When the eye is compressed, either 
by an examiner’s  fi nger while performing fun-
duscopy or by an ophthalmodynamometer, the 
intraocular pressure is raised, and at a certain 
point, the central retinal vein begins to pulsate. 
At this point, the intraocular pressure equals the 
intravascular pressure of the postlaminar central 

retinal vein at diastole. This is called the venous 
out fl ow pressure (VOP). If the pressure 47  is raised 
even further, the central retinal vein will collapse 
throughout the cardiac cycle. At this point, the 
intraocular pressure equals the intravascular pres-
sure of the postlaminar central retinal vein at sys-
tole. The VOP in normal subjects is 11–22 mmHg 
but is elevated in patients with CRVO. 46  Because 
the intraneural central retinal vein is surrounded 
by subarachnoid space, it is exposed to the cere-
brospinal  fl uid pressure of this space which is 
normally 4.4–7.3 mmHg. If the spinal  fl uid pres-
sure increases to a level above the normal VOP of 
22 mmHg, a state of relative retinal venous dis-
tention can be seen. Similarly, if the orbital tissue 
pressure rises, as, for example, in an orbital 
hematoma, the VOP can rise, and secondary reti-
nal venous distention can be seen. 

 Ophthalmodynamometric measurement of the 
central vein collapse pressure is recorded in arbi-
trary units (AU). Mean central vein collapse pres-
sures in more severe CRVOs, less severe CRVOs, 
BRVOs, and normal controls were 104 ± 25 AU, 
58 ± 38 AU, 44 ± 26 AU, and 5 ± 8 AU, respectively, 
and each group was signi fi cantly different from the 
control group. 48  The data suggest that patients with 
BRVO have an abnormality not only at the involved 
arteriovenous crossing point but also at the lamina 
cribrosa. Otherwise, the central vein collapse pres-
sure of the BRVO group should have been similar 
to that of the control group. In accord with this 
observation, many patients with BRVO in one eye 
develop CRVO in the same or fellow eye. 48  ,  49  

  A Misapplication    of Poiseuille’s Law 

 Poiseuille’s law has been misapplied, as well as properly applied, in the literature on RVO. For 
example, one  fi nds the statement, “Poiseuille’s formula would suggest that, in order to bring about 
a 50% reduction in pressure after emission from the lamina cribrosa, the diameter of the vein 
would have to be reduced by only some 16%.” 44  Similar reasoning has been expressed else-
where. 45  The problem with this statement and this line of reasoning is that Poiseuille’s law applies 
to a segment of a cylindrical tube that has a constant diameter over its length, not a tube that has 
a changing diameter. Moreover, the pressure term referenced in the formula is the difference in 
pressure at the two ends of the segment, not the intravascular pressure at a given position within 
the tube. The more informative physiologic principle in this case (at least with respect to deduc-
tions concerning postlaminar CRV diameter) would be Bernoulli’s principle (see Chap.   1    ). 

http://dx.doi.org/10.1007/978-1-4614-3439-9_1
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  The Central Retinal Artery in Central Retinal Vein Occlusion 

 Although the central retinal vein (CRV) is the site of thrombosis in central retinal vein occlu-
sion, the central retinal artery (CRA) is not normal. Color Doppler imaging has shown that the 
peak systolic blood  fl ow velocity and vascular resistance (pulsatility index) are abnormal in the 
central retinal artery of patients with CRVO. The blood  fl ow velocity is on average higher and 
the vascular resistance higher than in the unaffected fellow eyes or in healthy control eyes. 55  In 
1965, the prevalent hypothesis explaining CRVO pathophysiology was that the central retinal 
vein and central retinal artery were occluded simultaneously. 52  ,  56  ,  57  This hypothesis has subse-
quently been disproven based on several lines of evidence. In color Doppler imaging, the resis-
tive index of the central retinal artery rises with an acute CRVO but falls back to normal by 3 
months. This is a pattern to be expected if the decrease in central artery blood  fl ow is a func-
tional result of a primary blockage at the venous level, subsequently eased by widening of col-
lateral veins or recanalization of the primarily thrombosed CRV. 50  The error in the hypothesis 
arose from extrapolating what was observed in young, healthy rhesus monkeys to the situation 
in elderly humans with vascular disease. In young monkeys, ligating the CRV produced no reti-
nal hemorrhages, but ligating both CRV and CRA did. In elderly patients having comorbid 
arteriopathy, no such additional obstruction of the CRA is required to produce the clinical pic-
ture of CRVO. In that context, CRV occlusion alone is adequate to produce the clinical picture 
of CRVO. This historical vignette illustrates the hazards of extrapolating from animal models 
to human disease. 56  

  How Severe Must Central Venous Obstruction Be to Produce Symptoms? 

 There are no pathology specimens combined with clinical histories to provide a direct answer 
to this question. However, a physiologic model of ocular hemodynamics affords some insight. 
In this model, designed to resemble the retinal vascular circuit, pressures could be measured 
manometrically at key locations. 46  Using this model, the relationship of venous out fl ow pres-
sure to percentage central venous stenosis was found to be exponential with no signi fi cant 
increase in VOP until stenosis reached 90% (Fig.  2.8 ). 46  We can infer that a thrombus must 
occlude 90% of the lumen of the central retinal vein before clinical signs such as venous disten-
tion will be observed.  
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  Fig. 2.8    Diagram showing the relationship of 
venous out fl ow pressure and percentage of 
central retinal venous stenosis based on an 
experimental model. Milder (<85%) degrees of 
occlusion have no hemodynamic effects on 
retinal blood  fl ow (Redrawn from Meyer-
Schwickerath 46  )        
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 Thrombosis of the central retinal vein reduces 
blood  fl ow velocity in the central retinal vein and 
artery of eyes with CRVO compared to fellow eyes 
and compared to normal control eyes. 50  ,  51  The 
velocity is reduced more in the CRV than the CRA 
and is lower in eyes with ischemic CRVO. 50  Central 
venous blood  fl ow as assessed by color- fl ow map-
ping with spectral Doppler ultrasound remains 
decreased in untreated eyes for at least 1 year. 52  
Using Heidelberg retinal  fl owmetry, the retinal 
blood  fl ow in the midperipheral retina, but not the 
macula, of patients with CRVO is lower compared 
to controls. 53  Collateral vessels allow the blood 
entering the retina to drain to the choroid. That is, 
the circulation from central retinal artery through 
central retinal vein is not a closed loop. 54  

 The prevailing hypothesis is that the more 
anterior the thrombus, the fewer the collateral 
vessels, the more sluggish the retinal perfusion, 
and the more ischemic the occlusion. 54  Over time, 
the carrying capacity of these collateral vessels 
increases, and retinal perfusion improves. 54         

    2.2.1.4   Hemodynamics of BRVO 

 In BRVO as in CRVO, blood  fl ow is reduced 
to the involved region of the retina. 11  ,  51  ,  58  In 
BRVO, scanning laser Doppler  fl owmetry shows 
decreases in microvascular blood volume,  fl ow, 
and velocity compared to ipsilateral, nonoccluded 
areas of the retina; to symmetrical areas in nor-
mal fellow eyes; and to comparable areas in eyes 
of normal subjects. 59  As in CRVO, the develop-
ment of retinal collaterals after BRVO presum-
ably leads to improvement in retinal perfusion to 
the involved sector of retina, although there are 
no data to prove that deduction.   

    2.2.2   Oxygen Exchange in the Retina 
and Autoregulation 

 The retina exhibits the high rates of glycolysis 
necessary for the active transport of ions that gen-
erate gradients subserving neuronal action poten-
tials. 60  The inner retina, de fi ned as the zone from 
nerve  fi ber layer to inner nuclear layer, is supplied 
by vessels that derive from the central retinal 

artery. This system is characterized by low  fl ow, 
high vascular resistance, and high percentage 
oxygen extraction to support the retina’s vigorous 
metabolism. 31  ,  61  ,  62  Retinal blood  fl ow is approxi-
mately 80  m l/min, and the retinal arteriovenous 
oxygen saturation difference is 30–40%. 63  ,  64  

 By contrast, the outer retina, de fi ned as the zone 
from the outer plexiform layer to the retinal pigment 
epithelium, derives its oxygen from the choroidal 
circulation, a high- fl ow system with low oxygen 
extraction. 65  Choroidal blood  fl ow is approximately 
800  m l/min, and the choroidal arteriovenous oxygen 
saturation difference is 3%. 61  ,  63  Mean oxygen satu-
ration in normal human retinal arteries is 92.2 ± 4.1% 
compared to 57.9 ± 9.9% in retinal veins. 66  

 The normally high extraction of oxygen from 
the retinal blood supply has been studied in ani-
mal models. In cynomolgus monkeys breathing 
21% oxygen, preretinal oxygen measurements 
with oxygen microelectrodes show a marked 
drop in oxygen tension as the distance from a 
retinal arteriole increases from <0.5 arteriolar 
diameter (termed juxta-arteriolar) to >5 arteriolar 
diameters away (termed intervascular). The juxta-
arteriolar pO 

2
  was 44.4 ± 15.4 mmHg, whereas 

the intervascular pO 
2
  was 21.8 ± 0.6 mmHg. 67  

This gradient decreased as distance from the reti-
nal surface into the vitreous increased (Fig.  2.9 ). 60  
There is also a steep gradient in oxygen tension 
across the thickness of the retina. The middle 
retina is signi fi cantly more hypoxic than the inner 
retina just as the perivenous retina is signi fi cantly 
more hypoxic than the juxta-arteriolar retina. 68  
The oxygen tension within the retina is lowest in 
the outer plexiform layer, which represents the 
border zone between inner and outer retinas 
(Fig.  2.10 ). Therefore, the retina manifests three-
dimensional oxygen concentration gradients 
under normal conditions.   

 The extraction of oxygen by the retina is 
affected by venous occlusion. For example, arte-
riolar oxygen saturation is the same in eyes with 
CRVO as in fellow eyes (mean saturation is 99% 
in both cases), but venous oxygen saturation is 
lower in eyes with CRVO (49 ± SD12% vs. 
65 ± SD6% in eyes with CRVO and controls, 
respectively). 67  With decreased retinal blood  fl ow, 
the oxygen extraction from the blood by the  retina 
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reduces the venous oxygen saturation more. 67  
Accordingly, preretinal oxygen partial pressures 
are lower in experimental models of CRVO and 
BRVO, and there is lower tissue oxygen satura-
tion in human CRVO and pig BRVO. 47  ,  60  ,  64  ,  69  ,  70  

 Autoregulation is the ability of the retinal ves-
sels to maintain tissue perfusion despite variation 
in blood pressure. This characteristic of the retina 
is mediated by contractile mural wall pericytes 
and, possibly, endothelial cells. 2  ,  19  ,  71  Retinal oxy-
gen tension governs vascular autoregulation. A 
decrease in arterial pO 

2
  causes vasodilation of 

retinal arterioles. 60  The effects of systemic 
hypoxia on the pO 

2
  of the inner retina are buff-

ered to a greater degree than in the avascular 
outer retina. 60  Besides pO 

2
 , autoregulatory roles 

are played by pCO 
2
 , pH, superoxide anions, 

endothelins, prostaglandins, adenosine, angio-
tensin, nitric oxide (NO), VEGF, and possibly 
other metabolic products. 2  ,  72  -  74  Retinal vessels 
have no sympathetic neural innervation, so vas-
cular tone is controlled solely by autoregulation. 

 The most important autoregulatory mediator 
is nitric oxide, which causes retinal pericytes to 
relax. Increased vessel wall shear stress, increased 
blood  fl ow, bradykinin, insulin-like growth  factor 1, 

acetylcholine, thrombin, and platelet products 
stimulate endothelial cells to release NO. 72  ,  74  
Nitrergic neurons found in the choroid are an 
additional source of NO that may diffuse into the 
retina and stimulate vasodilation from the ablu-
minal side of the vascular wall (Fig.  2.11 ). 72  
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  Fig. 2.10    ( a ) Transretinal oxygen partial pressure pro fi le 
in a miniature pig. The  yellow line  represents measure-
ment made with normoxia. The  blue line  represents mea-
surements made with hyperoxia. The left side of the graph 
represents the vitread surface and the right side the chor-
oidal interface. Under normoxia, the outer plexiform layer 
has the lowest partial pressure of oxygen at approximately 
26% of the partial pressure of the retinal pigment epithe-
lium and 38% of the partial pressure of the nerve  fi ber 
layer. Hyperoxia disproportionately increases the outer 
retinal oxygen partial pressure. ( b ) Diagram of the path of 
the oxygen microelectrode corresponding to the oxygen 
partial pressures shown in ( a ) (Redrawn from 
Pournaras 60  )        
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  Fig. 2.9    Plot of preretinal oxygen tension in cynomolgus 
monkeys breathing 21% oxygen. Juxta-arteriolar is 
de fi ned as a location of the oxygen microelectrode <0.5 
major arteriolar diameter from a retinal artery. Intervascular 
is de fi ned as >5 major arteriolar diameters from a retinal 
artery. Note the 22.6 mmHg gradient in oxygen tension 
from a juxta-arteriolar to an intervascular (more venous) 
location ( red oval ). This difference decreases rapidly with 
distance from the retinal surface. At a preretinal distance 
of 1 mm within the vitreous cavity, there is no difference 
( blue oval ) (Redrawn from Pournaras et al. 68  )        

  



472.2 Abnormalities of Blood Flow

Prostaglandins (PG) are a second class of 
 autoregulatory mediators that can vasodilate 
(e.g., PGI 

2
 ) or vasoconstrict (e.g., PGF 

2
  a ). 72  

Endothelin-1 is another mediator produced by 
retinal vascular endothelium and is the most 
potent vasoconstrictor known. 75  Endothelin-1 
receptors are present on retinal pericytes, which 
contract upon endothelin exposure. 72  The renin–
angiotensin (RAS) system potentially interacts 
with vasoregulatory signaling in the retinal 
vascular endothelium. Angiotensin-converting 
enzyme (ACE) located in endothelial cells con-
verts angiotensin I to angiotensin II. Angiotensin 
II degrades bradykinin, an activator of NO syn-
thesis, and upregulates endothelin. ACE inhibi-
tors increase bradykinin and reduce endothelin, 
both vasodilatory effects. 72  The physiologic 
importance of the RAS system in human retinal 
vascular autoregulation has been suggested, but 
not demonstrated. 72   

 Coarse autoregulation occurs at the level of 
retinal arterioles, which constrict or relax to 
maintain the uniformity of segmental retinal 
blood  fl ow. For example, in hyperviscosity syn-
dromes, retinal venous blood  fl ow velocity drops 
stimulating retinal arterioles to dilate and to 
maintain a constant blood  fl ow (Fig.  2.6 ). 42  

Pericytes then  fi ne-tune retinal tissue perfusion 
at a microscopic level by changing capillary 
diameter. 76  At this level, increased extracellular 
 oxygen tension mediates capillary constriction, 
whereas increased extracellular carbon dioxide, 
adenosine, and histamine constriction mediate 
dilation. 76  Pathways linking the state of cellular 
components of the blood to retinal vessel auto-
regulation have not been explained in detail. 
However, it has been observed that red blood cell 
count, hemoglobin level, hematocrit, and white 
blood cell count are correlated with central reti-
nal venular equivalent and central retinal arterio-
lar equivalent (composite indices derived from 
vessel measurements made ½- to 1-disc diameter 
from the optic disc margin) and thus presumably 
also have a role to play in retinal vascular 
autoregulation. 77  

 In contrast to the retinal vasculature, the chor-
oidal vasculature has neural innervation, but may 
also have supplementary autoregulatory potential 
(p. 8). 74  For example, exogenous heating causes 
an autoregulatory decrease in choroidal blood 
 fl ow. 78  

 Therapies used in RVOs often take advantage 
of the autoregulatory system. For example, grid 
laser used in macular edema associated with 
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  Fig. 2.11    Hypothesized 
partial mechanism of 
autoregulation in retinal 
vessels mediated by nitrous 
oxide released from nitrergic 
neurons in the choroid and by 
nitrous oxide production in 
retinal vascular endothelium. 
In arterioles, the NO relaxes 
the mural smooth muscle 
 fi bers. In retinal capillaries, 
NO relaxes mural pericytes 
(Redrawn from Brown and 
Jampol 72  )        
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BRVO leads to an increase in inner retinal oxy-
gen tension and autoregulatory vasoconstric-
tion. 40  Concomitantly, the increase in retinal 
oxygen tension leads to a decrease in synthesis of 
VEGF. This causes the microvasculature to leak 
less because of reduced permeability and vasco-
constriction. 79  Applying Starling’s law, decreased 
capillary intravascular pressure from arteriolar 
vasoconstriction together with decreased capil-
lary permeability implies decreased  fl ow of water, 
ions, and macromolecules from the intravascular 
space into the extravascular space. Therapies 
such as intravitreal injection of microplasmin 
may also work through the mechanism of the 
oxygen pathway and autoregulation. Micro-
plasmin induces a posterior vitreous detachment 
that is associated with an increase in vitreal oxy-
gen concentration. 80  

 As covered in Chap.   1    , the retinal vascular tree 
is fed by end arterioles, so the concept of a water-
shed zone is applicable. 81  A watershed zone is a 
band of retina between the distribution of any two 
end arteries. Under conditions of normal blood 
supply, the existence of the watershed zones is 
not apparent. Normally in these zones, the blood 
is maximally deoxygenated but provides enough 
oxygen to the retina to maintain its transparency. 
However, during conditions of venous occlusion, 
the threshold for ischemia may be exceeded, 
causing loss of retinal transparency. The water-
shed zone becomes apparent as a band of whiten-
ing (Fig.  2.12 ). The whitened area of hypoxemic 
retina tends to occur temporally in the macula, 
which has a higher metabolic demand than the 
more peripheral retina. It occurs temporally 
because the vessel lengths are longer to this sec-
tion of macula allowing greater oxygen extrac-
tion and enlargement of what has been termed the 
“anoxic corner” of the Krogh cylinder, the vol-
ume of cells that a length of capillary supplies 
with oxygen. 82   

 In addition to bands of ischemic retinal whit-
ening at venous watershed zones, and far more 
common in RVO, cotton wool spots are a clinical 
sign of retinal ischemia. Cotton wool spots have 
been erroneously called focal infarcts, and some 
of them are, but most of them are not as eluci-
dated by Mcleod. 83  Most cotton wool spots are 

sentinels of ischemia with focal axoplasmic  fl ow 
stasis causing the white patches. Their character-
istic distribution around the optic disc in RVO is 
explained by autoregulatory vasodilation imme-
diately around the optic disc, shifting their site of 
occurrence more slightly peripherally to an isch-
emic penumbra (Fig.  2.13 ). 83     

  Fig. 2.12    Color fundus photograph of the left eye of a 
45-year-old man with a nonischemic central retinal vein 
occlusion. The white band of ischemic retinal whitening 
occurs at a retinal watershed zone between the regions of 
the retina supplied by the superotemporal vascular arcade 
and the inferotemporal vascular arcade ( yellow arrows )       

  Fig. 2.13    Hemicentral    retinal vein occlusion with a char-
acteristic distribution of cotton wool spots ( black arrows ) 
that ring the optic disc along the distribution of the radial 
peripapillary capillaries. The annular band where these 
cotton wool spots cluster is termed the ischemic 
penumbra       
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    2.3   Macular Edema 

 From a public health perspective, macular edema 
is the most important clinical consequence of all 
forms of RVO. An understanding of the 
pathophysiology of macular edema is important 
for applying effective treatments and discovering 
new ones. The unique features of macular anat-
omy may have importance in development and 
resolution of macular edema in RVO. The forma-
tion and resolution of macular edema are both 
explained by Starling’s law. 

    2.3.1   Macular Anatomy and Its 
Relationship to Macular 
Edema in Retinal Vein 
Occlusion 

 The capillaries in the macula are distributed in 
two strata within the inner retina with the excep-
tion of the single-level arrangement bordering the 
foveal avascular zone (see Chap.   1    ). This single 
level of capillaries is found within the ganglion 
cell layer. 84  Erythrocytes travel in the perifoveal 
capillaries in a pulsatile manner with speed in the 
range of 0.5–1.0 mm/s. 85  Farther from the fovea, 
the two levels of capillaries are found within the 
nerve  fi ber–ganglion cell layer and the inner 
nuclear cell layer. The more super fi cial capillary 
network is closer to the arteries, and the deeper 
network is closer to the venules. The outer retina 
throughout the macula is avascular and receives 
oxygenation by diffusion from the deeper chorio-
capillaris. 62  The maximum distance between cap-
illaries in the inner retina is approximately 
65–100  m , and the estimated maximal diffusion 
distance in the human macula consistent with nor-
mal function has been estimated to be approxi-
mately half this distance or approximately 45  m . 84  

 Eighty percent of microaneurysms, which 
seem to be a microvascular response to vascular 
endothelial growth factor (VEGF) generated from 
hypoxic retinal tissue, originate in the inner 
nuclear layer and its border zones. 86  The larger 
microaneurysms tend to occur in this zone, and 

smaller ones in the nerve  fi ber–ganglion cell 
 layers. Microaneurysms range in size from 13 to 
136  m . 86  Microaneurysms are particularly frequent 
on the edges of nonperfused retina in RVO, con-
sistent with the hypothesis that they are a second-
ary reaction to hypoxia and increased local 
vascular endothelial growth factor concentration. 

 In macular edema associated with RVO, it is 
common for the central macula, including the 
foveal vascular zone, to be thickest, an inversion 
of the normal relationship. Although the underly-
ing reason has not been established, one hypoth-
esis is based on the avascularity at the center of 
the macula. In other regions of the macula, edema 
 fl uid can escape the extracellular space in two 
ways – outward to the choroid via the pumping 
mechanism of the retinal pigment epithelium and 
back into the intravascular space through the 
walls of capillaries, the direction reverse to salt 
and water egress from intra- to extravascular 
space in the more proximal microvasculature 
(Fig.  2.14 ). At the center of the macula, the only 
mechanism for egress of extravascular  fl uid is 

Transudate
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  Fig. 2.14    Diagram    indicating one pathway for salt and 
water within the retina. Under the in fl uence of higher 
intravascular pressure in the arterioles ( A ), salt and water 
pass out of the vessels (transudate) and into the extracel-
lular space of the retina, then returning to the intravascular 
space in part by entering the venular side of the circulation 
( V ) which has a lower intravascular pressure       
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that of the retinal pigment epithelial (RPE) pump, 
which may explain the greater accumulation of 
edema  fl uid and increased retinal thickness at this 
location (Fig.  2.15 ). A fundus sign of the prefer-
ential accumulation of edema  fl uid in the center 
of the macula is the appearance of the macular 
lipid star (Fig.  2.16 ). As the RPE pumps salt and 
water from the retinal extracellular space to the 
choroid, lipoproteins contained in the extracellu-
lar  fl uid are left behind as yellow exudates that 
must be cleared much more slowly by mac-
rophages. In many cases of RVO, a serous retinal 
detachment is present which is usually localized 
under the fovea. Although the explanation for the 
subfoveal location of  fl uid is conjectural, one 
possibility is the absence of the normal return 
pathway for extracellular  fl uid via the intraretinal 
venules in this one location of the retina.    

 Muller cells are important in transporting 
water from the extracellular space into the reti-
nal capillaries of the inner retina. 87  Their density 
in the macaque monkey is  fi ve times greater in 
the parafovea than the retinal periphery. 88  The 
colocalization of Muller cells with the retinal 
regions most affected by edema suggests that 
Muller cell dysfunction contributes to macular 
edema associated with RVO. Moreover, Muller 
cells proliferate in epiretinal membranes, which 

can exert traction on microvessels and possibly 
increase their permeability, exacerbating macu-
lar edema. 

 Within the retina, the synaptic portion of the 
outer plexiform layer and the entire inner plexi-
form layer comprise the two highest resistance 
barriers to the diffusion of interstitial  fl uid from 
the inner retina outward toward the choroid. 89  At 
these layers, the density of junctional complexes 
between cells and the tortuousness of cellular 
processes combine to impede most stringently 
the extracellular  fl ow of water and solutes. 90   

    2.3.2   Starling’s Law 

 Starling’s law states that the equilibrium state 
of  fl uid transfer between the intravascular 
and extravascular spaces is characterized by the 
equation

     
0,P QD - D =

   

where 
 Δ P  = intravascular pressure within microvessels 
of retina minus the extravascular tissue pressure 
 Δ Q  = intravascular oncotic pressure minus the 
intraocular pressure 

Foveal
avascular
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  Fig. 2.15    Diagram indicating the different situation of 
the center of the macula. There is no venous side of the 
vasculature in this one location in the retina, thus salt and 
water can exit the vascular space from the capillaries, but 
can only leave the extracellular space via the action of the 
retinal pigment epithelial pump and not via reentry into 
the venules which are missing in this location       

  Fig. 2.16    A macular lipid star is a fundus sign in macular 
edema and indicates that the center of the macula is a pref-
erential site for accumulation of extracellular  fl uid       
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 Starling’s law accounts for many common 
clinical observations (Fig.  2.17 ). For example, in 
a nonischemic CRVO, the prelaminar central 
venous pressure is acutely elevated. In the hypo-
thetical case illustrated in Fig.  2.17 , the venous 
pressure has suddenly increased from 15 
(Fig.  2.4b ) to 45 mmHg. Before the CRVO, 
Δ P  

preCRVO
  = Δ Q  

preCRVO
 , and after the CRVO, 

Δ P  
postCRVO

  > Δ Q  
postCRVO

  because Δ P  has increased. 
This change disrupts the previous equilibrium 
and leads to transudation of salt and water out of 
the vascular space and into the extracellular 
space. Arteriolar constriction from any cause 
(e.g., after breathing 100% oxygen or injecting 
bevacizumab) causes Δ P  to decrease relative to 
its previous state of equilibrium, and thus,  fl uid 
moving from the vascular compartment toward 
the extravascular compartment diminishes.  

 Macular edema in RVO often shows diurnal 
variation with edema worse in the morning and 
improving late in the day. In one study, median 
macular thickening in CRVO decreased by 96  m  
during waking hours. 91  Starling’s law explains 
the clinical phenomenon. When a patient with a 
RVO is recumbent, the intravascular pressure in 

the retinal capillaries increases compared to when 
the patient is erect, especially if retinal autoregu-
lation is dysfunctional as it is in patients with dia-
betes. 89  The increased pressure will tend to drive 
more  fl uid from the vascular to the extravascular 
space. 91  Other physiologic mechanisms may aug-
ment the effects of Starling’s law. The oxygen 
consumption of the retina is higher in the dark-
adapted state, which could increase relative reti-
nal hypoxia during sleep. 91  Nocturnal hypotension 
may also reduce blood  fl ow to the retina even 
more and worsen hypoxia. 91   

    2.3.3   The Retinal Pigment 
Epithelial Pump 

 In most discussions of macular edema associated 
with RVO, the role of the retinal pigment epithe-
lial (RPE) pump is comparatively neglected 
because it is dif fi cult to study. Extracellular  fl uid 
travels from the retina outward toward the chor-
oid primarily under the in fl uence of the RPE 
pump action. 92  Figure  2.18  illustrates the current 
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Hypothetical intravascular pressures in nonischemic CRVO with macular edema

  Fig. 2.17    Hypothetical intravascular pressures in nonis-
chemic CRVO with macular edema. Diagram of hypo-
thetical intravascular pressures found in a case of 
nonischemic CRVO with macular edema. Refer to 
Fig.  2.4b  as the normal baseline in interpreting this dia-
gram. The change is the elevation of the prelaminar cen-

tral retinal venous pressure from 15 to 45 mmHg. This 
acute change, also experienced by the retinal capillaries 
upstream of the thrombus, disrupts the previous Starling’s 
equilibrium and leads to transudation of salt and water 
into the extracellular space working against a pressure of 
15 mmHg ( red arrow )       
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conception of ionic and  fl uid transport across the 
RPE into the choroid. An active sodium–potas-
sium pump is present on the apical membrane of 
the RPE that exchanges three sodium ions toward 
the extracellular space for two potassium ions 
toward the RPE cytoplasm. An electrochemical 
gradient is generated by the asymmetry in the 
ionic exchange ratio, and this gradient powers 
other active transport mechanisms of which sev-
eral have been described. Independent sodium–
potassium–chloride and sodium–bicarbonate 
cotransport sites exist on the apical RPE mem-
brane. An apical sodium–proton exchanger exists. 
These actively concentrate chloride and bicar-
bonate intracellularly. On the basal RPE mem-
brane, separate sites exist for chloride and 
potassium ion egress as well as a chloride– 
bicarbonate cotransporter. 92  ,  93  Physiologic and 
pharmacologic modulation of  fl uid transport 
across the RPE is possible. Hypoxia decreases 
active transport across the RPE. Epinephrine 
applied to the apical RPE surface increases RPE 

transport. Acetazolamide increases transport, 
whereas furosemide decreases it. In extremely 
high concentrations not achieved clinically, 
digoxin reduces RPE transport. The possible 
in fl uence of drugs commonly taken by patients 
with RVO in altering the response to therapy for 
macular edema associated with RVO has been 
unexplored to date.  

 In RVO with macular edema, the RPE pump is 
overwhelmed by the exudation of serum, and 
macular swelling results. 94  Because salt and water 
are pumped from the retinal compartment out 
toward the choroid, but associated serum lipopro-
teins are not, hard exudates derived from the lipo-
proteins accumulate in the retina. They often 
appear in rings centered on leaking clusters of 
microaneurysms and dilated capillaries. In dia-
betic macular edema, the permeability of the reti-
nal capillaries increases approximately 12-fold, 
but the activity of the pigment epithelial pump 
increases only twofold, a mismatch resulting in 
extracellular  fl uid accumulation. 40  ,  94  Although 
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  Fig. 2.18    Model of the retinal pigment epithelial pump-
ing mechanism. The RPE cells are connected by zonula 
occludens which restrict the extracellular  fl ow of ions and 
water back from the choroid toward the retina via the 
intercellular space between RPE cells. The primary 
energy-dependent pump is the apical (retina side) sodium–
potassium, electrogenic pump ( left side  of the cell). Other 
active transport systems derive the energy they require to 

run from the electrochemical gradients built up by this 
primary pump. In the apical membrane, independent 
sodium–bicarbonate, sodium–potassium–chloride, chlo-
ride–bicarbonate, and sodium–lactate–water transport 
sites have been described. In the basal membrane, a chlo-
ride–bicarbonate cotransporter exists. Passive conduc-
tance channels for potassium and chloride also exist as 
shown (Redrawn from La Cour 93  and Quintyn 92  )        
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not examined in RVO, it is plausible that a similar 
asymmetry in vascular hyperpermeability versus 
RPE pumping is operative. 

 Our discussion of macular edema associated 
with RVO to this point has concerned extracel-
lular edema, also called vasogenic edema. In 
addition to extracellular edema, a concept of 
intracellular edema exists which may be rele-
vant, although it has been less studied. 87  ,  95  Water 
transport out of the retina occurs via retinal pig-
ment epithelial active transport of potassium and 
chloride and passive cotransport of water across 
aquaporin1 channels. Less recognized, however, 
is transport of water into retinal microvessels 
via Muller cells. Muller cells possess a unidi-
rectional potassium channel called Kir2.1 that 
allows extracellular potassium derived from 

neuronal  fi ring to pass into the Muller cell, but 
not out of it. In addition, Muller cells have a 
bidirectional potassium channel called Kir4.1 
that allows Muller cell intracellular potassium 
to  fl ow into vessels around which Muller cell 
processes are wrapped (Fig.  2.19 ). It is possi-
ble that in RVO, as in diabetic macular edema, 
Muller cells may take up potassium from the 
extracellular space but have diminished abil-
ity to discharge the potassium into the retinal 
microvessels. Because water osmotically fol-
lows solute, the Muller cells can swell, a situ-
ation termed intracellular edema. Whereas the 
evidence for intracellular edema appears to be 
substantial in diseases of the brain, models for 
intracellular edema in the retina have been less 
well investigated. 95  ,  96    
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  Fig. 2.19    Schematic depicting pathways for water trans-
port in the retina. Water is generated in the retina by oxi-
dative synthesis of adenosine 5 ¢ -triphosphate (ATP) that 
generates carbon dioxide and water (H 

2
 O). The Muller 

cell has processes that wrap around retinal microvessels. 
Bidirectional potassium channels called Kir4.1 are pres-
ent in the Muller cell membranes abutting these microves-
sels. Muller cells also possess unidirectional potassium 
channels called Kir2.1 abutting the extracellular space 
that allow passage of potassium from the neuroretinal 
cells into the Muller cell. Aquaporin 4 (AQ4) water chan-

nels allow the osmotic cotransport of water to follow 
potassium movement. The retinal pigment epithelium also 
actively transports potassium and chloride from the retina 
to the choroid with water cotransport occurring via aqua-
porin1 (AQ1) channels. If the Kir4.1 channels are 
decreased in RVO (as in diabetic macular edema), but not 
the Kir2.1 unidirectional potassium channels or the RPE 
potassium transport channels, the net effect could be 
Muller cell swelling – intracellular edema (Redrawn from 
Reichenbach and colleagues 95  )        
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 The retina has vascular and avascular tissues 
in apposition implying close regulation of angio-
genesis and angiomaintenance. 99  In the normal 
mature retina, retinal capillary endothelial cells 
are quiescent, and levels of VEGF are absent or 
vanishingly low. 100  The absence of all vessels in 
certain zones of the retina, such as adjacent to 
retinal arterioles, is presumably governed by 
potent, but poorly understood, processes of 
angioinhibition. 2   

    2.3.4.1   Vascular Endothelial Growth Factor 

 The most important and studied cytokine in 
retinal physiology is VEGF. VEGF is 

multifunctional; its actions depend on the cellu-
lar context and microenvironment. VEGF is 
secreted in four homodimeric forms resulting 
from alternative ribonucleic acid (RNA) splic-
ing. 101  Two forms – VEGF 121 and VEGF 165 
– are freely diffusible within the vitreous cav-
ity. 102  VEGF 121 is a secreted, diffusible protein 
that is essential for normal retinal function, act-
ing as a survival factor for retinal neurons. 97  In 
rats, chronic paninhibition of VEGF with anti-
VEGF antibodies led to a loss of retinal ganglion 
cells. 103  Selective blockade of the VEGF 164 iso-
form (the rat homologue of human VEGF 165), 
but not the VEGF 120 isoform (the rat homo-
logue to human VEGF 121), did not lead to 

    2.3.4   Molecular Signaling in Macular 
Edema 

 The list of molecules known to regulate vascular 
permeability, angiogenesis, and angioinhibition 
continues to grow, as does the complexity of their 
interactions (Table  2.3 ). The particular effects of 
a molecule depend on the context. For example, 

transforming growth factor (TGF)  b  can be an 
angioinhibitor, a promoter of angiogenesis, or a 
chemoattractant depending on what other mole-
cules are present. Pigment epithelial derived 
growth factor (PEGF) can be a pro- or antiangio-
genic factor depending on the molecular environ-
ment. 97  ,  98  The interaction of the components in 
the cytokine network is just beginning to be 
unraveled.  

    Relevant Molecular Biologic Terminology 

 The terms cytokines, chemokines, cell signaling, upregulation, and downregulation are fre-
quently used in discussions of ocular physiology. Because the terms are ubiquitous and nuances 
of meaning possibly unclear, it may help to de fi ne them here. 
  Cytokine  – a small protein or peptide that is involved in intercellular communication; in the 
context of ocular physiology, cytokines are secreted by cells of the retina and by immune 
cells. 100  
  Chemokine  – a cytokine that induces directed chemotaxis, recruits leukocytes to sites of 
in fl ammation, promotes in fl ammation, and promotes stem-cell survival, development, and 
homeostasis. 101  
  Cell Signaling  – a complex system of communication between cells that involves secretion of 
small molecules and response to them within the microenvironment of a tissue. Cell signaling 
is involved in tissue development, response to injury, repair, and maintenance of homeostasis. 
  Upregulation and Downregulation  – processes for changing the quantity of a molecule in 
response to a change in an external variable, for example, a change in the rate of transcription 
of part of the genome. Another example would be increasing (upregulation) the number of 
platelet receptors for collagen in response to smoking. 



552.3 Macular Edema

retina ganglion cell loss. 103  VEGF 165 is the iso-
form most closely associated with pathological 
neovascularization. 97  VEGF 165 has moderate 
heparin af fi nity and is detected on cell surfaces 
and in the extracellular matrix. A splice variant 
of VEGF 165, termed VEGF 165b, has an anti-
angiogenic rather than pro-angiogenic effect. 104  
The relative ratios of VEGF 165 and VEGF 165b 
are partially regulated by the oxygen concentra-
tion. 104  VEGF 189 contains an additional hepa-
rin-binding domain that binds to the protein 
heparin sulfate on the cell surface and basement 
membrane. 105  VEGF 208 also binds to cell sur-
face receptors or basement membrane proteogly-
cans containing heparin. 106  VEGF 189 and VEGF 
208 can be cleaved by plasmin, thereby releasing 
active diffusible VEGF. 99  

 VEGF is undetectable in the aqueous of the 
normal eye, but decreased retinal blood  fl ow and 
tissue hypoxia in RVO lead to increased VEGF 
production by retinal pigment epithelial cells, 
capillary endothelial cells, pericytes, Muller cells, 
astrocytes, ganglion cells, and other cells of the 
inner nuclear layer. 107  -  109  In a primate model of 
RVO, the highest levels of VEGF expression 
were in the inner retinal layers (ganglion cell and 
inner nuclear layer). 105  ,  110  ,  111  In pathological spec-
imens of eyes with CRVO and neovascular glau-
coma, VEGF mRNA is found in the inner nuclear 
layer and in some cases in the ganglion cell layer 
and outer nuclear layer. 112  VEGF is not found in 
photoreceptors from retinas exposed to hypoxia. 113  
The source of VEGF is within the eye, since 
aqueous concentrations of VEGF after RVO show 

   Table 2.3    Proangiogenic and antiangiogenic factors   

 Proangiogenic factors  Antiangiogenic factors 

 Angiogenin  Angiostatin (plasminogen fragment) 
 Angiopoietin  Antiangiogenic antithrombin III 
 Developmentally regulated endothelial locus-1 (Del-1)  Cartilage derived inhibitor (CDI) 
 Acidic  fi broblast growth factor (aFGF)  CD59 complement fragment 
 Basic  fi broblast growth factor (bFGF)  Endostatin (collagen XVIII fragment) 
 Follistatin  Fibronectin fragment 
 Granulocyte colony stimulating factor (G-CSF)  Growth-regulated oncogene (Gro- b ) 
 Hepatocyte growth factor (HGF)/scatter factor (SF)  Heparin hexasaccharide fragment 
 Interleukin-8 (IL-8)  Heparinases 
 Leptin  Human chorionic gonadotropin (hCG) 
 Midkine  Interferon  a / b / g  
 Pigment epithelium derived growth factor (PEDF)  Interferon inducible protein (IP-10) 
 Placental growth factor  Interleukin 12 
 Platelet-derived endothelial cell growth factor (PDECGF)  Kringle 5 
 Pleiotropin (PTN)  2-Methoxyestradiol 
 Proliferin  Pigment epithelium derived growth factor 
 Transforming growth factor  a  (TGF- a )  Placental ribonuclease inhibitor 
 Transforming growth factor  b  (TGF- b )  Plasminogen activator inhibitor 
 Tumor necrosis factor  a  (TNF- a )  Platelet factor 4 (PF4) 

 Vascular endothelial growth factor (VEGF)  Prolactin 16-kDa fragment 
 Proliferin-related protein (PRP) 
 Retinoids 
 Tetrahydrocortisol-S 
 Thrombospondin-1 (TSP-1) 
 Tissue inhibitors of metalloproteinases (TIMPs) 
 Transforming growth factor  b  (TGF- b ) 
 Vasculostatin 
 Vasostatin (calreticulin fragment) 

  Adapted from Ng and Adamis 97  
 Proangiogenic and antiangiogenic factors  
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no correlation with serum VEGF concentra-
tions. 114  VEGF concentration rises in vitreous 
 fl uid in ischemic RVO and is approximately 60% 
higher there than in the aqueous. 110  

 VEGF is the major vasopermeability factor that 
disrupts the blood–retina barrier in RVO by induc-
ing fenestrations in capillaries and venules. 99  ,  115  
VEGF effects begin with binding to two receptors, 
VEGFR-1 and VEGFR-2. The two receptors medi-
ate different effects. VEGFR-2 is thought to be the 
principal receptor involved in angiogenesis and 
vasopermeability signaling pathways. 97  In cultured 
vascular endothelium, hypoxia induces VEGFR-2 
expression, but TGF- b  decreases expression. 99  
VEGF activates VEGFR-2, causing phosphoryla-
tion of occludin and tight junction protein (ZO-1) 
and changes in the protein content of tight junctions 
of retinal vascular endothelial cells. 116  The blood–
retina and blood–aqueous barriers are disrupted in 
BRVO, and more so in CRVO, as demonstrated by 
vitreous  fl uorophotometry and aqueous  fl are mea-
sured by photometry. 117  Average vitreal concentra-
tion of VEGF in CRVO is 8.6 ng/ml in CRVO, 
compared to 2.0 ng/ml in BRVO and 0.26 ng/ml in 
eyes without RVO. 104  A lower concentration of 
intraocular VEGF is required to increase vascular 
permeability than that required to induce neovascu-
larization. Aqueous concentrations of VEGF of 
0.3 ng/ml produce a breakdown of the blood–ocular 
barrier and increase aqueous serum albumin con-
centration, but are not suf fi cient to induce retinal or 
iris neovascularization. 117  An average VEGF con-
centration of 5 ng/ml is found in the vitreous of 
human eyes with active neovascularization. 110  

 VEGF is also the most important cytokine 
mediating intraocular neovascularization after 
RVO. In a primate model of intraocular neovas-
cularization after laser-induced retinal ischemia, 
VEGF mRNA levels increased in the ischemic 
retina, intraocular VEGF protein levels were tem-
porally and spatially correlated with neovascular-
ization, and neovascularization could be blocked 
with injection of anti-VEGF antibodies. 111  ,  118  The 
angiogenic effects of VEGF depend on the pres-
ence of other modulating cytokines. Thus, the 
presence of TNF- a  in the environment is neces-
sary for human microvascular endothelium to 
grow tubular capillary structures. 99  

 VEGF is a proin fl ammatory cytokine and a 
chemoattractant for endothelial cell precursors. 97  
VEGF increases vascular endothelial intercellu-
lar adhesion molecule-1 (ICAM-1) expression, 
which in turn increases the adhesion of neutro-
phils and monocytes to the vascular endothelium. 
This pathway, together with VEGF-induced reti-
nal endothelial swelling, is known to be associ-
ated with decreased macular capillary blood  fl ow 
velocity and might exacerbate capillary nonper-
fusion. 41  ,  101  ,  119  -  122  VEGF induces expression of 
thromboplastin, a procoagulant molecule that 
might also aggravate capillary nonperfusion. 123  

 Many cytokines upregulate VEGF, including 
transforming growth factors (TGFs)  a  and  b , 
basic  fi broblast growth factor (bFGF), epidermal 
growth factor (EGF), keratinocyte growth factor, 
platelet derived growth factor (PDGF), insulin-
like growth factor (IGF)-1, PGE2, TNF- a , angio-
tensin II, and many others. 97  ,  99  Hypoxia increases 
transcription of the VEGF gene and stabilizes 
VEGF mRNA. 124  Hypoxia-inducible factor 
(HIF)-1 a  is the crucial mediator in this process. 
In the presence of oxygen, HIF-1 a  is degraded. 
However, in hypoxia, HIF-1 a  is stabilized, which 
stimulates VEGF gene transcription. 125  VEGF 
gene expression is increased in ischemic inner 
retina in animal models of RVO. 111  The critical 
pO 

2
  below which VEGF production is upregu-

lated is not known. 60  Systemic hyperoxia lowers 
retinal VEGF gene expression that has been 
upregulated by BRVO. 68  

 Manipulation of intraocular VEGF activity 
has worried some because of evidence that VEGF 
121 is a survival factor and required for the main-
tenance of normal blood vessels, at least during 
development. 126  To date, no evidence suggests 
that in adults with RVO, blockage of intraocular 
VEGF activity harms the retina. 127   

    2.3.4.2   Other Retinal Cytokines 
with Lesser Roles 

 Aside from VEGF, vasopermeability factors 
include interleukin (IL)-6, IL-8, TNF- a , intercel-
lular adhesion molecule-1 (ICAM-1), and mono-
cyte chemotactic protein (MCP)-1. 128  ,  129  IL-6 
directly increases capillary permeability by 
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 rearranging actin  fi laments in gap junctions 
between adjacent cells and indirectly by increas-
ing the expression of VEGF. 108  ,  130  ,  131  IL-8 is a 
chemokine that attracts and activates neutrophils 
and T lymphocytes, but not monocytes. It has both 
angiogenic and vasopermeability effects. IL-8 is 
produced by endothelial cells and glial cells in 
retinas with ischemic angiogenesis and is secreted 
by RPE cells in response to proin fl ammatory fac-
tors such as TNF- a , IL-1 b , IL-7, and Toll-like 
receptors. 132  VEGF induces endothelial cell pro-
duction of IL-6 and IL-8. 133  ICAM-1 mediates 
interactions of leukocytes and vascular endothe-
lium and may be responsible for the leukocyte 
trapping and release of cytokines by leukocytes 
that increase vascular permeability. 129  ICAM-1 
may also have a role in progressive ischemia that 
develops in some RVOs. 122  MCP-1 is a chemokine 
that attracts and activates monocytes, memory T 
cells, dendritic cells, and lymphocytes, but not 
neutrophils, to sites of tissue injury. 134  ,  135  IL-8 and 
MCP-1 are both regulated by nuclear factor-kappa 
 b  (NF-КB), a cytokine involved in response to 
stress, free radicals, ultraviolet radiation, and bac-
terial and viral antigens. 136  

 Erythropoietin (EPO) is a glycoprotein that has 
erythropoietic as well as angiogenic functions. It 
seems to have a neuroprotective function in the 
retina and may mitigate macular edema, but may 
also exacerbate angiogenesis. 137  ,  138  It is made in the 
inner retina and in the retinal pigment epithe-
lium. 137  As with VEGF, production of EPO is reg-
ulated by HIF-1 a . Inconsistent information has 
been published on vitreous concentrations of EPO 
in RVO. Vitreous EPO was elevated in both CRVO 
and BRVO compared to vitreous levels found in 
eyes undergoing surgery for macular pucker and 
macular hole in two studies, but no differences 
were found in a third study. 137  -  139  Vitreous erythro-
poietin and VEGF concentrations are correlated in 
CRVO and BRVO. 137  ,  138  In a mouse model, expo-
sure to EPO had a biphasic effect, protecting 
against retinal neovascularization during hypoxia 
before neovascularization developed, but exacer-
bating neovascularization when exposure occurred 
after the neovascularization had begun. 140  

 Aqueous placental growth factor (PGF) con-
centrations are elevated in eyes with ischemic 

CRVO that develop NVI. Placental growth factor 
may facilitate the effects of VEGF to induce or 
perpetuate intraocular neovascularization in 
CRVO. 116  

 Basic  fi broblast growth factor (bFGF) is 
another locally produced cytokine involved in 
angiogenesis. It is a 146-amino-acid polypeptide 
that is angiogenic at 1–10 ng/ml concentrations 
and is produced by vascular endothelial and reti-
nal pigment epithelial cells. 141  ,  142  Unlike VEGF, 
bFGF is not upregulated by hypoxia, and it seems 
to have complex interactions with extracellular 
matrix. 143  -  145  

 Angioinhibitory factors include angiostatin, 
TGF- b , corticosteroids, monokine induced by 
interferon gamma (MIG), some interleukins, and 
interferon-gamma-inducible 10 kD protein (IP-
10). 2  ,  146  MIG levels are high in patients with 
BRVO with macular edema. It has been sug-
gested that it has a role in protecting the blood–
retina barrier. Unlike VEGF and IL-8, its 
preoperative level is not correlated with the 
amount of decrease of edema after vitrectomy 
with internal limiting membrane peeling. 146  
Pigment epithelial derived growth factor (PEDF) 
counterbalances the effects of VEGF on angio-
genesis, but it is less clear if it does so with respect 
to vasopermeability. 143  ,  147  VEGF may upregulate 
PEDF expression as a feedback control 
mechanism. 147  

 Some cytokines may be markers for underly-
ing systemic atherosclerosis. For example, mean 
serum leptin levels are higher in patients with 
BRVO than control patients. 144  Evidence of 
intraocular production of leptin in CRVO with 
neovascularization also exists, but details regard-
ing its role are uncertain. 145   

    2.3.4.3   Molecular Signaling in BRVO 

 In BRVO, these factors have been found to be 
elevated in the vitreous, aqueous, or both com-
pared to control patients without BRVO: VEGF, 
IL-6, IL-8, MIG, MCP-1, EPO, macrophage-
inhibitory protein (MIP)-1 b , ICAM-1, and 
IP-10. 117  ,  129  ,  133  ,  136  ,  137  ,  146  ,  148  -  161  Aqueous levels of 
VEGF have been found to correlate with vitreous 
levels of VEGF. Aqueous and vitreous levels of 
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VEGF and ICAM-1 and vitreous levels of EPO 
and IL-6 have been found to correlate with degree 
of retinal nonperfusion and severity of macular 
edema. 129  ,  137  ,  148  ,  149  ,  151  ,  155  Vitreous levels of IL-8 and 
MCP-1 are correlated in BRVO. 133  Vitreous lev-
els of IL-6 have been found to correlate with the 
area of retinal nonperfusion. 149  Preoperative lev-
els of VEGF and IL-8 have been found to corre-
late with the magnitude of reduction in macular 
thickness after vitrectomy for BRVO with macu-
lar edema. 146  VEGF levels are higher in eyes with 
BRVO that develop subretinal  fl uid than in eyes 
that develop cystoid macular edema without sub-
retinal  fl uid. 150  Vitreous levels of soluble ICAM-1 
have been found to correlate with perifoveal cap-
illary blood  fl ow velocity in a study of patients 
with pooled RVO, mostly BRVO. Vitreous VEGF 
concentration was not correlated with perifoveal 
capillary blood  fl ow velocity. 143  The increased 
concentrations of the in fl ammatory mediators 
IL-6, IL-8, and MCP-1 suggest a common path-
way involving in fl ammation in BRVO. 136  

 Reports of vitreous PEDF levels have been 
inconsistent in BRVO: both elevated and 
decreased levels have been reported. 122  PEDF 
levels have been reported to correlate negatively 
with vitreous VEGF levels and severity of macu-
lar edema in BRVO. 122  

 The following molecules are not elevated in 
BRVO:

   (Growth factors) EGF, bFGF, G-CSF, and • 
GM-CSF  
  (Chemokines) eotaxin, MIP-1 • a , MIP-1 b , 
RANTES  
  (Cytokines) IL-1 • b , IL-2, IL-4, IL-10, IL-17, 
IFN- g , and TNF- a  100     

 In BRVO, upregulation of VEGF continues 
for at least 2 years whether collateral vessels 
develop or not. The evidence for this is based on 
the need to block VEGF by monthly injections of 
ranibizumab. 154  

 Nonhuman primate models in which intravit-
real VEGF levels increase after branch venous 
occlusions do not show preretinal neovascular-
ization, suggesting that cytokines other than 
VEGF are required for the clinical  fi nding of pos-
terior segment neovascularization in humans 
after BRVO. 99   

    2.3.4.4   Molecular Signaling in CRVO 

 The situation regarding molecular signaling in 
CRVO resembles that in BRVO. Differences 
between the two conditions relate to the fact that 
fewer factors have been investigated in CRVO. In 
CRVO, elevated levels of these cytokines have 
been found: VEGF, soluble vascular endothelial 
growth factor receptor-2, IL-8, IL-6, erythropoie-
tin, and MCP-1. 130  ,  137  ,  155  ,  156  Vitreous VEGF levels 
correlate with severity of macular edema and isch-
emia in CRVO. 130  ,  136  ,  137  ,  157  The vitreous levels of 
IL-6 and VEGF are elevated in CRVO compared 
to controls, but the serum levels are not, implying 
intraocular production of these factors. 136  The vit-
reous levels of IL-6 are correlated with the severity 
of macular edema of CRVO. 130  Elevated levels of 
IL-6, IL-8, and MCP-1 were highly correlated in 
one study, suggesting a common pathway involved 
in their common upregulation. 136  These molecules 
are not elevated in CRVO:

   (Cytokines) IL-1 • b , IL-2, IL-4, IL-5, IL-10, 
IL-17, IFN- g , and TNF- a   
  (Chemokines) eotaxin, MIP-1 • a , MIP-1 b , and 
RANTES  
  (Growth factors) EGF, bFGF, G-CSF, and • 
GM-CSF 136     

 In human CRVO, a correlation exists between 
aqueous VEGF concentration and the onset, persis-
tence, and regression of neovascularization of the 
iris (NVI). 114  In one study, the threshold for onset of 
NVI was 849 pg/ml similar to the dissociation con-
stant for binding of VEGF to the VEGF1 receptor. 
The threshold for regression of NVI following PRP 
was lower, at 378 pg/ml, implying that the VEGF 
required to sustain established neovascularization 
is lower than that required to induce NVI. 114  

 The blood–aqueous barrier (BAB) and the 
blood–retina barrier (BRB) are both disrupted by 
BRVO and CRVO. Using  fl uorophotometry, 
aqueous and posterior vitreous  fl uorescein con-
centrations were higher in eyes with BRVO and 
CRVO than in unaffected fellow eyes or of age-
matched control eyes. 117  Moreover, the degree of 
barrier breakdown was greater in CRVO than 
BRVO and greater in ischemic CRVO than nonis-
chemic CRVO. 117  All of these relationships are 
what one would expect if VEGF is the mediator 
of the BAB and BRB breakdown.       
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    2.4   Retinal Neovascularization 

 In BRVO, retinal neovascularization typically 
occurs at the junction of nonperfused and per-
fused retina (Fig.  2.20 ). Nonperfused retina is 
associated with preretinal hypoxia in animal 
models of BRVO. 72  The causes of this localized 
neovascularization, as opposed to the remote 
neovascularization of the iris seen more com-
monly in CRVO, are conjectural. There may be 
regional differences in upregulation of VEGF 
receptors causing a higher density at these junc-
tional regions. 113  In addition, increased concen-
trations of angiogenic lipid hydroperoxides 
may be present at nonperfused–perfused retinal 
borders. 159  VEGF can cause upregulation of 
bFGF, which acts synergistically with VEGF to 
induce angiogenesis. 116  In contrast to BRVO, 
posterior segment neovascularization after 
CRVO is more likely to occur at the optic disc 
than in the retina. 160  ,  161  Anterior segment neo-
vascularization is more common after CRVO 
than BRVO, presumably re fl ecting the lower 
levels of intraocular VEGF that occur in 
BRVO. 162   

 Retinal neovascularization after RVO is more 
likely to occur if the vitreous is attached to the 
retinal surface. Vitreous attachment may serve to 
increase concentrations of angiogenic cytokines 
locally and promote focal growth of new vessels. 

The physical scaffold of vitreous  fi brils may be 
another reason for the increased frequency of 
new vessel growth in such eyes. 162  ,  163  

 Retinal and iris new vessels after RVO lack 
tight junctions. 164  The clinical correlate is leaki-
ness to  fl uorescein during  fl uorescein angiogra-
phy, a characteristic differing from collateral 
vessels within the retina.  

    2.5   Pathogenetic Considerations 
Speci fi c to Central Retinal 
Vein Occlusion 

 The clinically observed association of primary 
open-angle glaucoma and CRVO is undisputed. 
The following is a possible pathophysiologic 
basis. The optic disc forms a barrier between two 
pressure compartments – the intraocular pressure 
compartment anteriorly and the intracranial pres-
sure compartment posteriorly. 164  Patients with 
primary open-angle glaucoma experience an 
increased pressure gradient across the optic disc. 
This may alter central retinal vein hemodynamics 
over long periods of time, produce endothelial 
changes, and increase central retinal venous 
resistance. The net effect of all of these conjec-
tural changes could be an increased risk of 
thrombosis. 164  

  What Does the Response of RVO to Intravitreal Anti-VEGF Drugs Say About 
Pathophysiology? 

 An injection of intravitreal bevacizumab or ranibizumab can rapidly decrease the venous dila-
tion, tortuosity, amount of intraretinal hemorrhage, and severity of macular edema. That is, the 
effect of anti-VEGF drugs goes beyond reversal of hyperpermeability suggesting that many of 
the multiple functions of VEGF are involved in producing the clinical picture of RVO. It has 
been hypothesized that thrombosis with ischemia upregulates VEGF locally, which secondarily 
causes endothelial hyperplasia within the already compromised venous lumen, endothelial 
adhesion of in fl ammatory cells, and NO mediated vasodilation. 25,  158  The injection of anti-VEGF 
drugs may counteract these effects, reverse VEGF-induced vasodilation and blood–retina bar-
rier breakdown, and thus produce the observed improvement in venous distention and degree of 
intraretinal hemorrhage. 
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  Fig. 2.20    Retinal images from a patient with BRVO and 
retinal neovascularization. ( a ) Color fundus photograph 
of the right eye showing retinal new vessels ( black arrow ) 
and a white, nonperfused vein ( green arrow ). ( b ) Frame 
from the early phase of the  fl uorescein angiogram show-
ing the hyper fl uorescent neovascularization at the border 

of nonperfused retina ( yellow ovals ) and perfused retina. 
( c ,  d ) Later frames of the  fl uorescein angiogram show 
leakage of  fl uorescein dye, shown as hyper fl uorescent 
plumes emanating from the fronds, re fl ecting the abnor-
mal degree of fenestration of new vessels       

  Spontaneous Venous Pulsations and CRVO 

 Spontaneous venous pulsations (SVP) are caused by variations in the pressure gradient in the 
lumen of the central retinal vein as it traverses the lamina cribrosa. 170  An increase in intracranial 
pressure or an increase in central venous resistance distal to the point of pulsation can stop SVP. 
The prevalence of SVP drops from 98% in normal elderly subjects to 54% in elderly patients 
with glaucoma. 164  In CRVO, the resistance in the CRVO distal to the lamina cribrosa rises, and 
SVP ceases. If a patient without full- fl edged signs of CRVO has absence of SVP in the sus-
pected eye but SVP in the fellow eye, CRVO should be considered as a diagnosis to explain the 
asymmetry. 
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 The pathophysiology of CRVO may be differ-
ent in different subsets of patients, such as differ-
ent age groups. Although abnormalities of the 
vessel wall seem to be the primary abnormality in 
the typical older patient, in the younger patient, 
an in fl ammatory basis has long been proposed 
instead, though without direct evidence. 165  In a 
minority of patients, the primary cause seems to 
be a thrombophilic state (see Chaps.   3     and   5    ). 

 The pathophysiologic basis for retinal hemor-
rhages in CRVO is widely understood, but mani-
festations of retinal whitening caused by ischemia 
and obstruction to the  fl ow of axoplasm in the 
nerve  fi ber layer are less well recognized and 
understood. 52  ,  166  ,  167  In the small percentage of 
patients with cilioretinal arteries who develop 
CRVO, a relative obstruction to blood  fl ow occurs 
in the distribution of the cilioretinal artery 
(Fig.  2.21 ). In some cases, back-and-forth blood 
 fl ow can be seen in the cilioretinal arteriole dur-
ing the cardiac cycle. That  fl ow implies that there 
is no focal blockage to the artery, but rather intra-
vascular resistance posed by the head of pressure 
in the CRV against which the cilioretinal artery is 
pumping (Fig.  2.22 ). 168  In the diagram of hypoth-

esized intravascular pressure relationships in 
this situation, there is no driving force to move 
blood through the circulatory pathway fed by the 

  Fig. 2.21    Fundus photograph of a patient with a cilioreti-
nal artery who developed a CRVO. The intravenous pres-
sure of the CRV rose to a level suf fi cient to severely reduce 
the blood  fl ow supplied to the part of the retina supplied by 
the cilioretinal artery. This ischemic area lost transparency 
and developed ischemic whitening ( black arrows ). The 
involved cilioretinal artery is denoted by the  green arrow        
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  Fig. 2.22    Diagram of the hypothetical intravascular 
pressures found in a case of nonischemic CRVO with cil-
ioretinal arteriolar insuf fi ciency. Refer to Fig.  2.4b  as the 
normal baseline in interpreting this diagram. The change 
is the elevation of the prelaminar central retinal venous 
pressure from 15 to 55 mmHg. This acute change, also 

experienced by the retinal capillaries and arterioles 
upstream to the thrombus, acts as a hemodynamic block to 
perfusion by the cilioretinal artery which has a lower pres-
sure than the central retinal artery. The retina served by 
the cilioretinal artery is therefore ischemic and loses its 
transparency       
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 cilioretinal artery, which leads to a functional, but 
not anatomic, blockade of blood  fl ow.   

 The degree of ischemia caused by the throm-
bus in CRVO depends on the percentage of the 
venous lumen occluded by the thrombus and the 
availability of collateral venous out fl ow. The lat-
ter consideration translates anatomically into the 
location of the thrombus relative to the lamina 
cribrosa. The more anterior the thrombus, the 
fewer the alternative pathways for drainage of 
venous blood, and the greater the ischemia for 
any given degree of luminal occlusion by the clot. 
The more posterior the thrombus, the greater the 
number of alternative pathways for drainage of 
venous blood and therefore less ischemia. 33  

 In hemodynamic terms, a higher degree of isch-
emia correlates with a higher prelaminar central 
venous pressure. An hypothetical example of intra-
vascular pressure relationships in an ischemic 
CRVO is shown in Fig.  2.23 . The driving pressure 
for blood  fl ow across the retinovascular tree is only 
3 mmHg because the venous intravascular pres-
sure approaches the central retinal artery pressure. 
A low driving pressure results in sluggish retinal 
blood  fl ow, higher oxygen extraction from the 

blood than normal, and, if the retinal blood  fl ow is 
reduced enough, ischemia. If thrombosis is severe 
enough and CRV pressure rises enough, not only 
can cilioretinal artery  fl ow be impeded but also 
 fl ow in branch retinal arterioles. 169  Retinal trans-
parency is lost with the development of ischemic 
retinal whitening (Figs.  2.24 ,  2.25 , and   4.5    ). It is 
not well appreciated, but true, that an ischemic 
CRVO may fail to show capillary nonperfusion 
early on. Capillary nonperfusion may take 3 weeks 
to develop. Loss of retinal transparency, poor 
visual acuity, and serous macular detachment – all 
present in the subject of Fig.  2.25  – point to the 
ischemic nature of the CRVO in the face of a rela-
tively innocuous  fl uorescein angiogram.        

    2.6   Pathogenetic Considerations 
Speci fi c to Branch Retinal 
Vein Occlusion 

 In acute BRVO, the arteriole to the involved sector 
transiently dilates and subsequently constricts sec-
ondary to a local decrease in NO. 171  Secondary 
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  Fig. 2.23    Diagram of the hypothetical intravascular 
pressures found in a case of ischemic CRVO. Refer to 
Fig.  2.4b  as the normal baseline in interpreting this dia-
gram. The change is the elevation of the prelaminar cen-
tral retinal venous pressure from 15 to 62 mmHg. This 
acute change, also experienced by the retinal capillaries 
and arterioles upstream to the thrombus, serves as a hemo-

dynamic block to perfusion by the cilioretinal artery, if 
one is present. It also reduces the perfusion pressure to the 
retinal tissue supplied by the central retinal artery. As we 
have posed the case, the perfusion pressure amounts to 
only 3 mmHg, and the sluggish perfusion may deliver so 
little oxygen to the retina that more widespread hypoxia is 
caused, with loss of retinal transparency       
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arteriolar vasoconstriction is associated with subse-
quent capillary nonperfusion to the affected retina. 
Local injection of a NO donor, sodium nitroprus-
side, can overcome this vasoconstriction. 171  

 In a cat model of acute BRVO, 3H-thymidine 
labeling as an index of retinal vascular prolifera-
tion was found in the retina involved by the occlu-
sion, but not in uninvolved retina. Endothelial 
uptake of thymidine was primarily venular, with 
some capillary uptake, but no arteriolar uptake. 141  
The clinical observation that retinal neovascular-
ization after BRVO originates from venules is 
consonant with this experimental observation. 141  

 Just as CRVO can occur in various grades of 
severity, with effects on perfusion and retinal 
transparency, the same is true with BRVO. A 
concept of arterial insuf fi ciency has been devel-
oped based on back pressure by the obstructed 
vein. 172  Branch retinal arterial  fi lling to the 
involved sector of the retina is delayed.  

  Fig. 2.24    Color fundus photograph of an ischemic CRVO. 
Cotton wool spots ( black arrows ) occur in the distribution 
of the radial peripapillary capillaries. Macular whitening 
(area bounded by  green arrows ) in an area supplied by the 
central retinal artery implies that the occlusion is severe and 
causing ischemia. The visual acuity was counting  fi ngers. 
Other examples of this are shown in Figs.  2.25  and   4.6           

a b

  Fig. 2.25    Images    of perimacular retinal whitening asso-
ciated with an ischemic central retinal vein occlusion with 
extensive submacular  fl uid. ( a ) Color fundus photograph 
shows dilated veins, intraretinal hemorrhage and a peri-
macular, partial annulus of ischemic retinal whitening 
( black arrow ). ( b ) Red-free photograph of the same eye. It 
may be easier to see the ischemic whitening ( purple 
arrow ) with red-free photography. ( c ) Scanning laser oph-
thalmoscopic fundus photograph of the same eye. 
Ischemic whitening is probably best visualized this way 
( yellow arrow ). The OCT is decentered in this patient 
with poor central visual acuity, as shown by the nonfoveal 
location of the green crosshairs. ( d ) Radial line-scan OCT 

image shows marked subretinal  fl uid and little intraretinal 
thickening. ( e ) ETDRS grid with mean sub fi eld thick-
nesses. The central sub fi eld thickness of 1,264  m  is com-
posed primarily of subretinal  fl uid and does not re fl ect 
marked intrinsic retinal thickening. ( f ) Frame from the 
laminar venous phase of the  fl uorescein angiogram shows 
some irregularity of the border of the foveal avascular 
zone and slight enlargement in the foveal avascular zone 
diameter. ( g ) Frame from the late phase of the  fl uorescein 
angiogram showing  fl uorescein leakage from the poste-
rior pole vessels and hyper fl uorescence of the disc. This 
patient later developed anterior segment neovasculariza-
tion and neovascular glaucoma       
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    2.7   Animal Models of Retinal 
Vein Occlusion 

    2.7.1   Animal Models of BRVO 

 No animal model has been developed yet in 
which BRVO develops as an intrinsic part of sys-
temic disease. All models involve intentional 
trauma designed to produce venous occlusion, 
usually by diathermy or laser. 173  

 A mouse model of BRVO and secondary retinal 
neovascularization was described in C57BL/6 
mice using Rose Bengal infusion systemically fol-
lowed by laser irradiation of the veins using light 
of wavelength 531 nm, power 50 mW, spot size 
50  m , and duration 3 s. Retinal neovascularization 
was reproducibly induced, and retinal mRNA 
expression of VEGF was demonstrated. 174  The use 
of Rose Bengal reduces the amount of laser energy 
required to produce a vein occlusion. 175  

 An analogous model of BRVO in the dog has 
been developed for studies designed to develop 
equipment for endovascular thrombolysis. 176  
Histologic evidence of thrombolysis was 
achieved. 175  

 A miniature pig model of BRVO in which 
argon laser is used to occlude a temporal vascular 
venous branch has been described. 60  Miniature 
pigs lack a foveal avascular zone. 60  Unlike other 
animal models, the miniature pig model produces 
retinal neovascularization in some cases. Preretinal 
partial pressure of oxygen measurements with 
oxygen sensitive microelectrodes has shown that 
occluded zones are associated with preretinal 
hypoxia in this model of BRVO. 71  Another pig 
model has used laser-induced branch venous 
occlusion assisted by photodynamic thrombosis 
with Rose Bengal. 177  

 A rhesus monkey model of BRVO in which reti-
nal veins are occluded with argon laser produces 
changes that mimic human disease in the acute 
stage, but not in the chronic stage. 173  ,  178  ,  179  It fails to 
capture the aged condition of the human who usu-
ally develops BRVO, but it has provided insights 
into pathophysiologic stages in the disease. In the 
acute phase from 1 to 6 h after the venous occlu-
sion, the main observation is increased leakage 

from the affected capillaries. The second stage 
occurs from 6 h to 1 week postocclusion during 
which time endothelial cells and pericytes degener-
ate. Exposed capillary basement membranes can 
induce microthrombi leading to progressive capil-
lary nonperfusion. The third stage occurs 1–5 
weeks after the occlusion, when acellular channels 
are left composed of basement membrane. 

 No microaneurysms were found in this model, 
presumably because the animals had healthy vas-
cular systems at the time of the induced occlu-
sions. 173  ,  178  ,  180  Moreover, the model fails to exhibit 
persistent retinal edema or preretinal neovascu-
larization, although intraretinal neovasculariza-
tion was seen in ischemic cases. 173  In humans, 
based on serial measurements of the foveal avas-
cular zone in BRVO, there is evidence that capil-
lary closure is irreversible by 3 months after the 
acute occlusion. 181  A similar monkey model of 
laser-induced BRVO has also been used to study 
retinal pO 

2
  after BRVO and under the in fl uence 

of systemic hyperoxia. 68  
 Sites of VEGF production in ischemia vary in 

different species. In rats and cats, VEGF is pro-
duced by astrocytes and Muller cells in response 
to physiologic hypoxia. In mice, a model of retin-
opathy of prematurity has shown localization of 
VEGF production in the Muller cells. In a simian 
model, however, VEGF occurs in ganglion cells 
and cells of the inner nuclear layer. 105  Species 
 differences preclude exact extrapolation of the 
model observations to human disease, but these 
models offer clues regarding some aspects of 
common sequelae.  

    2.7.2   Animal Models of CRVO 

 A rabbit model has been developed that is 
intended to simulate the panretinal effects of 
CRVO. 182  In the rabbit, there is no CRV, and all 
veins are located above the retina rather than 
within it. In the model, all major retinal veins 
were occluded by injecting Rose Bengal dye fol-
lowed by argon-laser photocoagulation of the 
veins at the optic disc margin. 183  -  185  In this model, 
arterial  fl ow stopped with accompanying retinal 
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whitening. Recanalization of the occluded veins 
and clearing of retinal hemorrhages occurred 
more rapidly than in human disease. 182  Retinal 
atrophy on OCT following this ischemic model 
of CRVO was demonstrated. 182  

 In a variation of this idea, a monkey model of 
iris neovascularization has been developed in 
which laser occlusion of all four major branch 
retinal veins reproducibly leads to iris neovascu-
larization. 108  ,  118  A different monkey model has 
been developed in which repetitive intravitreal 
injections of VEGF caused capillary leakage, 
microaneurysm formation, and capillary nonper-
fusion. 41  ,  176  Cynomolgus monkey VEGF DNA 
sequences are 99% identical to human VEGF 
sequences, and the nucleotide changes are con-
servative. This means that the VEGF in simian 
models is identical to human VEGF and can be 
blocked by monoclonal antibodies raised against 
human VEGF. 105  Such injections prevented devel-
opment of iris neovascularization.   

    2.8   Summary of Key Points 

    Thrombosis is the result of opposing biochemical • 
pathways mediating coagulation and  fi brinolysis.  
  The viscosity of blood is primarily determined • 
by the hematocrit. Hemodilution is a modestly 
effective treatment for RVOs.  
  The driving force for blood  fl ow through the • 
retinal vessels is the ocular perfusion pressure.  
  Under normal conditions, the prelaminar cen-• 
tral retinal venous pressure is approximately 
equal to the intraocular pressure.  
  The uveal venous pressure is approximately • 
1 mmHg higher than the intraocular pressure.  
  Block diagrams showing measured and hypo-• 
thetical intravascular pressures at various loca-
tions around the ocular vascular circuit help to 
understand the clinical pro fi les of RVO.  
  Laplace’s law is used for deducing that the • 
choroidal capillary pressure is higher than the 
retinal capillary pressure.  
  Poiseuille’s law is used for understanding how • 
retinal arterial constriction after focal laser 
treatment reduces the driving force for macu-
lar edema.  

  Experimental models suggest that the lumen • 
of the CRV must be occluded  ³ 90% before 
any clinical signs of CRVO develop.  
  The more anterior the postlaminar thrombus • 
in CRVO, the more ischemic the occlusion 
because there are fewer collaterals available to 
bypass the thrombus.  
  Retinal blood  fl ow is one-tenth of choroidal • 
blood  fl ow. The oxygen extraction from the 
retinal blood is much higher than the oxygen 
extraction from the choroidal blood.  
  There are oxygen gradients within the retina. • 
The oxygen tension is highest adjacent to reti-
nal arteries and lowest adjacent to retinal veins. 
The midretinal cell layers have a lower oxygen 
tension than the outer and inner layers.  
  Retinal vessels change their radius in response • 
to nitric oxide and other signaling molecules 
that vary in concentration according to local 
oxygen tension (autoregulation).  
  Retinal transparency is an indicator of retinal • 
oxygenation. Retinal whitening accompanies 
ischemia.  
  Starling’s law explains the driving force for • 
macular edema formation after RVO.  
  Vascular endothelial growth factor and other • 
cytokines regulate vascular permeability and 
angiogenesis after RVO.  
  Animal models provide helpful clues regarding • 
the pathogenesis of RVOs, but species differ-
ences limit generalizations from the models.     

    2.9   Future Directions 

 It is possible to stumble upon effective treatment 
for RVO and sequelae. An example would be grid 
laser for macular edema secondary to BRVO in 
which a treatment pioneered for diabetic retinopa-
thy was empirically tried and found to be modestly, 
but bene fi cially effective. After the fact, a physio-
logic basis for its effectiveness was hypothesized 
and tested. We think that we now understand how 
it works. A more rational and ef fi cient approach is 
to develop a detailed understanding of pathophysi-
ology  fi rst and then develop treatments that address 
speci fi c steps in the pathways that lead to the dis-
ease. The discovery of VEGF, its effects on the 
retina in model systems, and subsequent creation 
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of antibodies to block its effects in RVO and other 
diseases exemplify the latter approach. Efforts to 
understand retinal hemodynamics in greater detail 
with actual measurements of pressures in locations 
presently inaccessible are likely to further our 
understanding. The molecular basis of thrombosis, 
 fi brinolysis, vasopermeability, angio genesis, and 
autoregulation will likely be further de fi ned, as 
well as the interactions and feedback loops that 
connect the pathways.      

   References       

    1.    Gutman FA. Evaluation of a patient with central reti-
nal vein occlusion. Ophthalmology. 1983;90:481–3.  

    2.    Gariano RF, Kalina RE, Hendrickson AE. Normal and 
pathological mechanisms in retinal vascular develop-
ment. Surv Ophthalmol. 1996;40:481–90.  

    3.    Vine AK, Samama MM. The role of abnormalities in 
the anticoagulant and  fi brinolytic systems in retinal 
vascular occlusions. Surv Ophthalmol. 1993;37:
283–92.  

    4.    Larsson J, Olafsdottir E, Bauer B. Activated protein C 
resistance in young adults with central retinal vein 
occlusion. Br J Ophthalmol. 1996;80:200–2.  

    5.    Trope GE, Lowe GD, McArdle BM, et al. Abnormal 
blood viscosity and hemostasis in long-standing retinal 
vein occlusion. Br J Ophthalmol. 1983;67:137–42.  

    6.    Lowenberg EC, Meijers JCM, Levi M. Platelet-vessel 
wall interaction in health and disease. Neth J Med. 
2010;68:242–51.  

    7.    Dodson PM, Haynes J, Starczynski J, et al. The plate-
let glycoprotein Ia/IIa gene polymorphism C807T/
G873A: a novel risk factor for retinal vein occlusion. 
Eye. 2003;17:772–7.  

    8.    Coller BS. Seminars in medicine of the Beth Israel 
Hospital, Boston-platelets and thrombolytic therapy. 
N Engl J Med. 1990;322:33–42.  

    9.    Kuhli C, Scharrer I, Koch F, et al. Factor XII 
de fi ciency: a thrombophilic risk factor for retinal vein 
occlusion. Am J Ophthalmol. 2004;137:459–64.  

    10.    Elman MJ. Thrombolytic therapy for central retinal 
vein occlusion: results of a pilot study. Trans Am 
Ophthalmol Soc. 1996;94:471–504.  

    11.    Wu J, Zhou X, Hu Y, et al. Video microscope record-
ing of the dynamic course of thrombosis and throm-
bolysis of the retinal vein in rabbits. Retina. 2010;
30:966–70.  

    12.    Ririe DG, Cosgriff TM, Martin B. Central retinal vein 
occlusion in a patient with familial antithrombin III 
de fi ciency: case report. Ann Ophthalmol. 1979;11:
1841–5.  

    13.    Larsson J, Hillarp A, Olafsdottir E, Bauer B. Activated 
protein C resistance and anticoagulant proteins in 
young adults with central retinal vein occlusion. Acta 
Ophthalmol Scand. 1999;77:634–7.  

    14.    Ma AD, Abrams CS. Activated protein C resistance, 
factor V Leiden and retinal vein occlusion. Retina. 
1998;18:297–300.  

    15.    Dahlback B, Hildebrand B. Inherited resistance to 
activated protein C is corrected by anticoagulant 
cofactor activity found to be a property of factor V. 
Proc Natl Acad Sci USA. 1994;91:1396–400.  

    16.    Loscalzo J, Braunwald E. Tissue plasminogen activa-
tor. N Engl J Med. 1988;319:925–31.  

    17.    Ghazi NG, Noureddine BN, Haddad RS, et al. 
Intravitreal tissue plasminogen activator in the man-
agement of central retinal vein occlusion. Retina. 
2003;23:780–4.  

    18.    Wiechens B, Schroder JO, Potzsch B, Rochels R. 
Primary antiphospholipid antibody syndrome and 
retinal occlusive vasculopathy. Am J Ophthalmol. 
1997;123:848–50.  

    19.    Noel LP, Botash AS, DeSilva A. Maternal antiphos-
pholipid antibodies and vitreous hemorrhages in the 
newborn: a case report. Arch Ophthalmol. 2001;119:
914–6.  

    20.    Iijima H, Gohdo T, Imai M, Tsukahara S. Thrombin-
antithrombin III complex in acute retinal vein occlu-
sion. Am J Ophthalmol. 1998;126:677–82.  

    21.    Weger M, Renner W, Steinbrugger I, et al. Role of 
thrombophilic gene polymorphisms in branch retinal 
vein occlusion. Ophthalmology. 2005;112:1910–5.  

    22.    Nguyen QD, Do DV, Feke GT, et al. Heparin-induced 
antiheparin-platelet antibody associated with retinal 
venous thrombosis. Ophthalmology. 2003;110: 
600–3.  

    23.    Browning DJ, Fraser CM. Retinal vein occlusions in 
patients taking warfarin. Ophthalmology. 2004;111:
1196–2000.  

    24.    Mruthyunjaya P, Wirostko WJ, Chandrashekhar R, 
et al. Central retinal vein occlusion in patients treated 
with long-term warfarin sodium (Coumadin) for anti-
coagulation. Retina. 2006;26:285–91.  

    25.    Koizumi H, Ferrara DC, Brue C, Spaide RF. Central 
retinal vein occlusion case-control study. Am J 
Ophthalmol. 2007;144:858–63.  

    26.    Green WR, Chan CC, Hutchins GM, Terry JM. 
Central retinal vein occlusion: a prospective histo-
pathologic study of 29 eyes in 28 cases. Trans Am 
Ophthalmol Soc. 1981;79:371–422.  

    27.    Chen HC, Wiek J, Gupta A, et al. Effect of isovolae-
mic haemodilution on visual outcome in branch reti-
nal vein occlusion. Br J Ophthalmol. 1998;82:162–7.  

    28.    Whittaker S, Winton F. The apparent viscosity of 
blood  fl owing in the isolated hindlimb of the dog, 
and its variations with corpuscular concentration. 
J Physiol. 1933;78:339–69.  

    29.    Hansen LL, Wiek J, Widerholt M. A randomised pro-
spective study of treatment on non-ischemic central 
retinal vein occlusion by isovolemic hemodilution. Br 
J Ophthalmol. 1989;73:895–9.  

    30.    Ring CP, Pearson TC, Sanders MD, et al. Viscosity 
and retinal vein thrombosis. Br J Ophthalmol. 
1976;60:397–410.  

    31.    Glacet-Bernard A, Chabanel A, Lelong F, et al. 
Elevated erythrocyte aggregation in patients with 



68 2 Pathophysiology of Retinal Vein Occlusions

 central retinal vein occlusion and without conven-
tional risk factors. Ophthalmology. 1994;101: 
1483–7.  

    32.    Hansen LL, Danisevskis P, Arntz HR, et al. A ran-
domized prospective study on treatment of central 
retinal vein occlusion by isovolaemic haemodilution 
and photocoagulation. Br J Ophthalmol. 1985;69:
108–16.  

    33.    Hayreh SS. Retinal vein occlusion. Indian J 
Ophthalmol. 1994;42:109–32.  

    34.    Frucht J, Shapiro A, Merin S. Intraocluar pressure in 
retinal vein occlusion. Br J Ophthalmol. 1984;68:
26–8.  

    35.    Bills A. The uveal venous pressure. Arch Ophthalmol. 
1963;69:780–2.  

    36.    Friedman E. The pathogenesis of age-related macular 
degeneration. Am J Ophthalmol. 2008;146:348–9.  

    37.    Blumenthal M, Best M, Galvin MA, Gittinger JW. 
Ocular circulation: an analysis of the effect of induced 
ocular hypertension on retinal and choroidal blood 
 fl ow in man. Am J Ophthalmol. 1971;71:819–25.  

    38.    Sinclair SH, Grunwald JE, Riva CE, et al. Retinal 
vascular autoregulation in diabetes mellitus. 
Ophthalmology. 1982;89:748–50.  

    39.    Harris A, Cuilla TA, Chung HK, Martin B. Regulation 
of retinal and optic nerve blood  fl ow. Arch Ophthalmol. 
1998;116:1491–5.  

    40.    Lund-Andersen H. Mechanisms for monitoring 
changes in retinal status following therapeutic inter-
vention in diabetic retinopathy. Surv Ophthalmol. 
2002;47:S270–7.  

    41.    Hofman P, van Blijswijk BC, Gaillard PJ, et al. 
Endothelial cell hypertrophy induced by vascular 
endothelial growth factor in the retina. Arch 
Ophthalmol. 2001;119:861–6.  

    42.    Menke MN, Feke GT, McMeel JW, et al. 
Hyperviscosity-related retinopathy in Waldenstrom 
macroglobulinemia. Arch Ophthalmol. 2006;124:
1601–6.  

    43.    Wu L, Arevalo JF, Berrocal MH, et al. Comparison of 
two doses of intravitreal bevacizumab as primary 
treatment for macular edema secondary to central 
 retinal vein occlusion: results of the Pan American 
Collaborative Retina Study Group at 24 months. 
Retina. 2010;30:1002–11.  

    44.    Behrman S. Retinal vein obstruction. Br J Ophthalmol. 
1962;46:336–42.  

    45.    Yao Y, Ma Z, Zhao J. Luminal characteristics of the 
central retinal vessels in the anterior optic nerve of the 
young human. Retina. 2002;22:449–54.  

    46.    Meyer-Schwickerath W, Kleinwachter T, Firsching R, 
Papenfub H. Central retinal venous out fl ow pressure. 
Graefes Arch Clin Exp Ophthalmol. 1995;783:788.  

    47.    Stefansson E, Novack RL, Hatchell DL. Vitrectomy 
prevents retinal hypoxia in branch retinal vein occlu-
sion. Invest Ophthalmol Vis Sci. 1990;31:284–9.  

    48.    Jonas JB. Ophthalmodynamometric assessment of the 
central retinal vein collapse pressure in eyes with cen-
tral retinal vein stasis or occlusion. Graefes Arch Clin 
Exp Ophthalmol. 2003;241:367–70.  

    49.    Gupta V, Sony P, Sihota R. Bilateral retinal venous 
occlusion in pigmentary glaucoma. Graefes Arch Clin 
Exp Ophthalmol. 2005;243:731–3.  

    50.    Williamson TH, Baxter GM. Central retinal vein 
occlusion, an investigation by color doppler imaging. 
Ophthalmology. 1994;101:1362–72.  

    51.    Yoshida A, Feke GT, Mori F, et al. Reproducibility 
and clinical application of a newly developed stabi-
lized retinal laser Doppler instrument. Am J 
Ophthalmol. 2003;135(3):356–61.  

    52.    Arsene S, Giraudeau B, Lez MLL, et al. Follow up by 
color Doppler Imaging of 102 patients with retinal 
vein occlusion over 1 year. Br J Ophthalmol. 
2010;86:1243–7.  

    53.    Arvas S, Ocakoglu O, Ozkan S. The capillary blood 
 fl ow in ischaemic type central retinal vein occlusion: 
the effect of laser photocoagulation. Acta Ophthalmol 
Scand. 2002;80:490–4.  

    54.    Hayreh SS. t-PA in CRVO. Ophthalmology. 2002;109:
1758–60.  

    55.    Hayreh SS. Occlusion of the central retinal vessels. Br 
J Ophthalmol. 1965;49:626–45.  

    56.    Hayreh SS. Classi fi cation of central retinal vein occlu-
sion. Ophthalmology. 1983;90:458–74.  

    57.    Mcleod D. Cilio-retinal arterial circulation in central 
retinal vein occlusion. Br J Ophthalmol. 1975;59:
486–92.  

    58.    Horio N, Horiguchi M. Retinal blood  fl ow analysis 
using intraoperative video  fl uorescein angiography 
combined with optical  fi ber-free intravitreal surgery 
system. Am J Ophthalmol. 2004;138:1082–3.  

    59.    Avila CP, Bartsch DU, Bitner DG, et al. Retinal blood 
 fl ow measurements in branch retinal vein occlusion 
using scanning laser Doppler  fl owmetry. Am J 
Ophthalmol. 1998;126:683–90.  

    60.    Pournaras CJ. Retinal oxygen distribution-its role in 
the physiopathology of vasoproliferative microan-
giopathies. Retina. 1995;15:332–47.  

    61.    Linsenmeier RA, Padnick-Silver L. Metabolic depen-
dence of photoreceptors on the choroid in the normal 
and detached retina. Invest Ophthalmol Vis Sci. 
2000;41:3117–23.  

    62.    Stefansson E. Ocular oxygenation and the treatment 
of diabetic retinopathy. Surv Ophthalmol. 2006;51:
364–80.  

    63.    Feke GT, Tagawa H, Deupree DM, et al. Blood  fl ow in 
the normal human retina. Invest Ophthalmol Vis Sci. 
1989;30:58–65.  

    64.       Yoneya S, Saito T, Nishiyama Y, et al. Retinal oxygen 
saturation levels in patients with central retinal vein 
occlusion. Ophthalmology. 2002;109:1521–6.  

    65.    Mcleod D. Central retinal vein obstruction with cilio-
retinal infarction. Eye. 2003;17:283.  

    66.    Schweitzer D, Hammer M, Kraft J, et al. In vivo mea-
surement of the oxygen saturation in retinal vessels in 
healthy volunteers. IEEE Trans Biomed Eng. 1999;46:
1454–65.  

    67.    Hardarson SH, Stefansson E. Oxygen saturation in 
central retinal vein occlusion. Am J Ophthalmol. 
2010;150:871–5.  



69References

    68.    Pournaras CJ, Miller JW, Gragoudas ES, et al. 
Systemic hyperoxia decreases vascular endothelial 
growth factor gene expression in ischemic primate 
retina. Arch Ophthalmol. 1997;115:1553–8.  

    69.    Stefansson E, Landers III MB, Wolbarsht ML. 
Vitrectomy, lensectomy, and ocular oxygenation. 
Retina. 1982;2:159–66.  

    70.    Pournaras CJ, Tsacopoulos M, Strommer K, et al. 
Experimental retinal branch vein occlusion in minia-
ture pigs induces local tissue hypoxia and vasoprolif-
erative microangiopathy. Ophthalmology. 1990;97:
1321–8.  

    71.    Schonfelder U, Hofer A, Paul M, Funk RH. In situ 
observation of living pericytes in rat retinal capillar-
ies. Microvasc Res. 1998;56:22–9.  

    72.    Brown SM, Jampol LM. New concepts of regulation 
of retinal vessel tone. Arch Ophthalmol. 1996;114:
199–204.  

    73.    Mendrinos E, Mangioris G, Papadopoulou DN, et al. 
Retinal vessel analyzer measurements of the effect of 
panretinal photocoagulation on the reinal arteriolar 
diameter in diabetic retinopathy. Retina. 2010;30:
555–61.  

    74.    Harris A, Jonescu-Cuypers CP, Kagemann L, et al. 
Atlas of ocular blood  fl ow: vascular anatomy, 
pathophysiology, and metabolism. Philadelphia: 
Butterworth Heinemann; 2003. p. 1–128.  

    75.    Ciof fi  GA, Wang L, Fortune B, et al. Chronic isch-
emia induces regional axonal damage in experimental 
primate optic neuropathy. Arch Ophthalmol. 2004;
122:1517–25.  

    76.    Chen Q, Anderson DR. Effect of CO 
2
  on intracellular 

pH and contraction of retinal capillary pericytes. 
Invest Ophthalmol Vis Sci. 1997;38:643–51.  

    77.    Klein BEK, Klein R, Myers CE, Lee KE. Complete 
blood cell count and retinal vessel diameters. Arch 
Ophthalmol. 2011;129:490–7.  

    78.    Nagaoka T, Yoshida A. The effect of ocular warming 
on ocular circulation in healthy humans. Arch 
Ophthalmol. 2004;122:1477–81.  

    79.    Clermont AC, Aiello LP, Mori F, et al. Vascular endothe-
lial growth factor and severity of  nonproliferative dia-
betic retinopathy mediate retinal hemodynamics 
in vivo: a potential role for vascular endothelial growth 
factor in the progression of nonproliferative diabetic 
retinopathy. Am J Ophthalmol. 1997;124:433–46.  

    80.       Quiram P, Lai M, Trese M. Surgical management 
of retinopathy of prematurity. In: Joussen AM, 
Gardner TW, Kirchhof B, Ryan SJ, editors. Retinal 
vascular disease. Berlin/Heidelberg: Springer; 2007; 
Chap. 20.3.  

    81.    Hayreh SS. Posterior ciliary artery circulation in 
health and disease. The Weisenfeld Lecture. Invest 
Ophthalmol Vis Sci. 2004;45:749–57.  

    82.    McLeod D. Krogh cylinders in retinal development, 
panretinal hypoperfusion and diabetic retinopathy. 
Acta Ophthalmol. 2010;88:817–35.  

    83.    Mcleod D. Why cotton wool spots should not be 
regarded as retinal nerve  fi ber layer infarcts. Br J 
Ophthalmol. 2005;89:229–37.  

    84.    Iwasaki M, Inomata H. Relation between super fi cial 
capillaries and foveal structures in the human retina. 
Invest Ophthalmol Vis Sci. 1986;27:1698–705.  

    85.    Riva C, Petrig B. Blue  fi eld entoptic phenomenon 
and blood velocity in the retinal capillaries. Opt Soc 
Am. 1980;70(10):1234–8.  

    86.    Moore J, Bagley S, Ireland G, et al. Three dimen-
sional analysis of microaneurysms in the human dia-
betic retina. J Anat. 1999;194:89–100.  

    87.    Bringmann A, Uckermann O, Pannicke T, et al. 
Neuronal versus glial cell swelling in the ischemic 
retina. Acta Ophthalmol Scand. 2005;83:528–38.  

    88.    Distler C, Dreher Z. Glia cells in the monkey retina-
II. Muller cells. Vision Res. 1996;36:2381–94.  

    89.    Stewart RMK, Clearkin LG. Insulin resistance and 
autoregulatory dysfunction in glaucoma and retinal 
vein occlusion. Am J Ophthalmol. 2008;145:394–6.  

    90.    Antcliff RJ, Hussain AA, Marshall J. Hydraulic con-
ductivity of  fi xed retinal tissue after sequential exci-
mer laser ablation-Barriers limiting  fl uid distribution 
and implications for cystoid macular edema. Arch 
Ophthalmol. 2001;119:539–44.  

    91.    Gupta B, Grewal J, Adewoyin T, et al. Diurnal varia-
tion of macular edema in CRVO: prospective study. 
Graefes Arch Clin Exp Ophthalmol. 2009;247:593–6.  

    92.    Quintyn JC, Brasseur G. Subretinal  fl uid in primary 
rhegmatogenous retinal detachment: physiopathology 
and composition. Surv Ophthalmol. 2004;49:96–108.  

    93.    La Cour M. The retinal pigment epithelium. In: 
Kaufman PL, editor. Adler’s physiology of the eye 
clinical application. 10th ed. St. Louis: Mosby; 2003.  

    94.    Sander B, Larsen M, Lund-Andersen H. Diabetic 
macular edema: passive and active transport of 
 fl uorescein through the blood-retina barrier. Invest 
Ophthalmol Vis Sci. 2001;42:433–8.  

    95.    Reichenbach A, Wurm A, Pannicke T, et al. Muller cells 
as players in retinal degeneration and edema. Graefes 
Arch Clin Exp Ophthalmol. 2007;245:627–36.  

    96.    Luan H, Roberts R, Sniegowski M, et al. Retinal 
thickness and subnormal retinal oxygenation 
response in experimental diabetic retinopathy. Invest 
Ophthalmol Vis Sci. 2006;47:320–8.  

    97.    Ng EW, Adamis AP. Targeting angiogenesis, the 
underlying disorder in neovascular age-related macu-
lar degeneration. Can J Ophthalmol. 2005;40:352–68.  

    98.    Glaser BM. Extracellular modulating factors and the 
control of intraocular neovascularization. Arch 
Ophthalmol. 1988;106:603–7.  

    99.    Schlingemann RO, van Hinsbergh VWM. Role of 
vascular permeability factor/vascular endothelial 
growth factor in eye disease. Br J Ophthalmol. 
1997;81:501–12.  

    100.    Lutty G, McLeod S, Merges C, et al. Localization of 
vascular endothelial growth factor in human retina 
and choroid. Arch Ophthalmol. 1996;114:971–7.  

    101.    Tolentino MJ, Miller JW, Gragoudas ES, et al. 
Vascular endothelial growth factor is suf fi cient to 
produce iris neovascularization and neovascular 
glaucoma in a nonhuman primate. Arch Ophthalmol. 
1996;114:964–70.  



70 2 Pathophysiology of Retinal Vein Occlusions

    102.    Houck KA, Leung DW, Rowland AM, et al. Dual 
regulation of vascular endothelial growth factor bio-
availability by genetic and proteolytic mechanisms. 
J Biol Chem. 1992;267:26031–7.  

    103.    Nishijima K, Ng YS, Zhong L, et al. Vascular 
endothelial growth factor-A is a survival factor for 
retinal neurons and a critical neuroprotectant during 
the adaptive response to ischemic injury. Am J 
Pathol. 2007;171:53–67.  

    104.    Ehlken C, Rennel ES, Michels D, et al. Levels of 
VEGF but not VEGF 165b are increased in the vitre-
ous of patients with retinal vein occlusion. Am J 
Ophthalmol. 2011;152:298–303.  

    105.    Shima DT, Gougos A, Miller JW, et al. Cloning and 
mRNA Expression of vascular endothelial growth 
factor in ischemic retinas of macaca fascicularis. 
Invest Ophthalmol Vis Sci. 1996;37:1334–40.  

    106.    Tischer E, Mitchell R, Hartman T, et al. The human 
gene for vascular endothelial growth factor: multiple 
protein forms are encoded through alternative exon 
splicing. J Biol Chem. 1991;266:11947–54.  

    107.    Noma H, Funatsu H, Sakata K, et al. Macular micro-
circulation and macular edema in branch retinal vein 
occlusion. Br J Ophthalmol. 2009;93:630–3.  

    108.    Cohen T, Nahari D, Cerem LW, et al. Interleukin 6 
induces the expression of vascular endothelial 
growth factor. J Biol Chem. 1996;271:736–41.  

    109.    Behzadian MA, Wang XL, Al-Shabrawey M, 
Caldwell RB. Effects of hypoxia on glial cell expres-
sion of angiogenesis-regulating factors VEGF and 
TGF-beta. Glia. 1998;24:216–25.  

    110.    Aiello LP, Arrigg PG, Keyt BA, et al. Vascular 
endothelial growth factor in ocular  fl uid of patients 
with diabetic retinopathy and other retinal disorders. 
N Engl J Med. 1994;331:1480–7.  

    111.    Miller JW, Adamis AP, Shima DT, et al. Vascular 
endothelial growth factor/vascular permeability fac-
tor is temporally and spatially correlated with ocular 
angiogenesis in a primate model. Am J Pathol. 
1994;145:574–84.  

    112.    Pe’er J, Folberg R, Itin A, et al. Vascular endothelial 
growth factor upregulation in human central retinal 
vein occlusion. Ophthalmology. 1998;105:412–6.  

    113.    Dorey CK, Aouididi S, Reynaud X, et al. Correlation 
of vascular permeability factor/vascular endothelial 
growth factor with extraretinal neovascularization in 
the rat. Arch Ophthalmol. 1996;114:1210–7.  

    114.    Boyd SR, Zachary I, Chakravarthy U, et al. 
Correlation of increased vascular endothelial growth 
factor with neovascularization and permeability in 
ischemic central vein occlusion. Arch Ophthalmol. 
2002;120:1644–50.  

    115.    Aiello LP. Vascular endothelial growth factor and the 
eye-past, present, and future. Arch Ophthalmol. 
1996;114:1252–4.  

    116.    Spoerri PE, Afzal A, Calzi SL, et al. Effects of 
VEGFR-1, VEGFR-2, and IGF-IR hammerhead 
ribozymes on glucose-mediated tight junction 
expression in cultured human retinal endothelial 
cells. Mol Vis. 2006;12:32–42.  

    117.    Miyake K, Miyake T, Kayazawa F. Blood-aqueous 
barrier in eyes with retinal vein occlusion. 
Ophthalmology. 1992;99:906–10.  

    118.    Adamis AP, Shima DT, Tolentino MJ, et al. Inhibition 
of vascular endothelial growth factor prevents retinal 
ischemia-associated iris neovascularization in a non-
human primate. Arch Ophthalmol. 1996;114:66–71.  

    119.    Joussen AM, Poulaki V, Qin W, et al. Retinal vascu-
lar endothelial growth factor induces intercellular 
adhesion molecule −1 and endothelial nitric oxide 
synthase expression and initiates early diabetic reti-
nal leukocyte adhesion in vivo. Am J Pathol. 
2002;160:501–9.  

    120.    Radisavljevic Z, Avraham H, Avraham S. Vascular 
endothelial growth factor up-regulates ICAM-1 
expression via the phosphatidylinositol 3 OH-kinase/
AKT/Nitric oxide pathway and modulates migration 
of brain microvascular endothelial cells. J Biol 
Chem. 2000;275:20770–4.  

    121.    Lu M, Perez VL, Ma N, et al. VEGF increases retinal 
vascular ICAM-1 expression in vivo. Invest 
Ophthalmol Vis Sci. 1999;40:1808–12.  

    122.    Noma H, Funatsu H, Mimura T, et al. Pigment epi-
thelium-derived factor and vascular endothelial 
growth factor in branch retinal vein occlusion with 
macular edema. Graefes Arch Clin Exp Ophthalmol. 
2010;248(11):1559–65.  

    123.    Mechtcheriakova D, Wlachos A, Holzmuller H, 
et al. Vascular endothelial cell growth factor-induced 
tissue factor expression in endothelial cells is medi-
ated by EGR-1. Blood. 1999;93:3811–23.  

    124.    Ikeda E, Achen MG, Breier G, Risau W. Hypoxia-
induced transcriptional activation and increased 
mRNA stability of vascular endothelial growth fac-
tor in C6 glioma cells. J Biol Chem. 1995;270:
19761–6.  

    125.    Safran M, Kaelin Jr WG. HIF hydroxylation and the 
mammalian oxygen-sensing pathway. J Clin Invest. 
2003;111:779–83.  

    126.    Alon T, Hemo I, Itin A, et al. Vascular endothelial 
growth factor acts as a survival factor for newly 
formed retinal vessels and has implications for retin-
opathy of prematurity. Nat Med. 1995;1(10):
1024–8.  

    127.    Terui T, Kondo M, Sugita T, et al. Changes in areas 
of capillary nonperfusion after intravitreal injection 
of bevacizumab in eyes with branch retinal vein 
occlusion. Retina. 2011;31:1068–74.  

    128.    Luna JD, Chan CC, Derevjanik NL, et al. Blood-
retinal barrier (BRB) breakdown in experimental 
autoimmune uveoretinitis: comparison with vascular 
endothelial growth factor, tumor necrosis factor 
alpha, and interleukin-1beta-mediated breakdown. 
J Neurosci Res. 1997;49(3):268–80.  

    129.    Noma H, Funatsu H, Mimura T, Shimada K. Increase 
of aqueous in fl ammatory factors in macular edema 
with branch retinal vein occlusion: a case-control 
study. J In fl amm. 2010;7:44.  

    130.    Noma H, Funatsu H, Mimura T, et al. Vitreous levels 
of interleukin-6 and vascular endothelial growth 



71References

 factor in macular edema with central retinal vein 
occlusion. Ophthalmology. 2009;116:87–93.  

    131.    Maruo N, Morita I, Shirao M, Murota S. IL-6 
increases endothelial permeability in vitro. 
Endocrinology. 1992;131:710–4.  

    132.    Yoshida A, Yoshida S, Khalil AK, et al. Role of 
NF-kB-mediated interleukin-8 expression in intraoc-
ular neovascularization. Invest Ophthalmol Vis Sci. 
1998;39:1097–106.  

    133.    Fonollosa A, Garcia-Arumi J, Santos E, et al. Vitreous 
levels of interleukin-8 and monocyte chemoattractant 
protein-1 in macular edema with branch retinal vein 
occlusion. Eye. 2010;24:1284–90.  

    134.    Carr MW, Roth SJ, Luther E, et al. Monocyte 
chemoattractant protein 1 acts as a T-lymphocyte 
chemoattractant. Proc Natl Acad Sci USA. 
1994;91:3652–6.  

    135.    Xu LL, Warren MK, Rose WL, et al. Human recom-
binant monocyte chemotactic protein and other c-c 
chemokines bind and induce directional migration of 
dendritic cells in vitro. J Leukoc Biol. 1996;60:
365–71.  

    136.    Yoshimura T, Sonoda KH, Sugahara M, et al. 
Comprehensive analysis of in fl ammatory immune 
mediators in vitreoretinal diseases. PLoS One. 
2009;4:E8158.  

    137.    Stahl A, Buchwald A, Martin G, et al. Vitreal levels of 
erythropoietin are increased in patients with retinal vein 
occlusion and correlate with vitreal VEGF and the 
extent of macular edema. Retina. 2010;30:1524–9.  

    138.    Inomata Y, Hirata A, Takahashi E, et al. Elevated 
erythropoietin in vitreous with ischemic retinal dis-
eases. Neuroreport. 2004;15(5):877–9.  

    139.    Garci-Arumi J, Fonollosa A, Macia C, et al. Vitreous 
levels of erythropoietin in patients with macular 
oedema secondary to retinal vein occlusions: a 
 comparative study with diabetic macular oedema. 
Eye. 2009;23:1066–71.  

    140.    Chen J, Connor KM, Aderman CM, Smith LEH. 
Erythropoietin de fi ciency decreases vascular stabil-
ity in mice. J Clin Invest. 2008;118(2):526–33.  

    141.    De Juan E, Stefansson E, Ohira A. Basic  fi broblast 
growth factor stimulates 3H-thymidine uptake in 
retinal venular and capillary endothelial cells in vivo. 
Invest Ophthalmol Vis Sci. 1990;31:1238–44.  

    142.    Neely KA, Gardner TW. Commentary: ocular neo-
vascularization, clarifying complex interactions. Am 
J Pathol. 1998;153:665–70.  

    143.    Noma H, Funatsu H, Sakata K, et al. Association 
between macular microcirculation and soluble inter-
cellular adhesion molecule-1 in patients with macu-
lar edema and retinal vein occlusion. Graefes Arch 
Clin Exp Ophthalmol. 2010;248(10):1515–8.  

    144.    Ates O, Keles M, Bilen H, et al. Increased serum 
levels of leptin in retinal vein occlusion. Tohoku J 
Exp Med. 2008;215:373–6.  

    145.    Gariano RF, Nath AK, D’Amico DJ, et al. Elevation 
of vitreous leptin in diabetic retinopathy and retinal 
detachment. Invest Ophthalmol Vis Sci. 2000;41:
3576–81.  

    146.    Okunuki Y, Usui Y, Katai N, et al. Relation of 
intraocular concentrations of in fl ammatory factors 
and improvement of macular edema after vitrectomy 
in branch retinal vein occlusion. Am J Ophthalmol. 
2011;151:610–6.  

    147.    Park DH, Kim IT. Long-term effects of vitrectomy 
and internal limiting membrane peeling for macular 
edema secondary to central retinal vein occlusion 
and hemiretinal vein occlusion. Retina. 2010;30:
117–24.  

    148.    Noma H, Minamoto A, Funatsu H, et al. Intravitreal 
levels of vascular endothelial growth factor and 
interleukin-6 are correlated with macular edema in 
branch retinal vein occlusion. Graefes Arch Clin 
Exp Ophthalmol. 2006;244:309–15.  

    149.    Noma H, Funatsu H, Yamasaki M, et al. Aqueous 
humor levels of cytokines are correlated to vitreous 
levels and severity of macular edema in branch reti-
nal vein occlusion. Eye. 2008;22:42–8.  

    150.    Park SP, Ahn JK, Mun GH. Aqueous vascular 
endothelial growth factor levels are associated with 
serous macular detachment secondary to branch reti-
nal vein occlusion. Retina. 2010;30:281–6.  

    151.    Shimura M, Nakazawa T, Yasuda K, Kunikata H, 
Shiono T, Nishida K. Visual prognosis and vitreous 
cytokine levels after arteriovenous sheathotomy in 
branch retinal vein occlusion associated with macu-
lar oedema. Acta Ophthalmol. 2008;86(4):377–84.  

    152.    Noma H, Funatsu H, Yamasaki M, et al. Pathogenesis 
of macular edema with branch retinal vein occlusion 
and intraocular levels of vascular endothelial growth 
factor and interleukin-6. Am J Ophthalmol. 2005;
140:256–61.  

    153.    Noma H, Funatsu H, Sakata K, et al. Macular micro-
circulation in hypertensive patients with and without 
branch retinal vein occlusion. Acta Ophthalmol. 
2009;87(6):638–42.  

    154.    Campochiaro PA, Ha fi z G, Channa R, et al. 
Antagonism of vascular endothelial growth factor 
for macular edema caused by retinal vein occlusions: 
two-year outcomes. Ophthalmology. 2010;117(12):
2387–94.  

    155.    Adrean SD, Schwab IR. Central retinal vein occlu-
sion and renal cell carcinoma. Am J Ophthalmol. 
2003;136:1185–6.  

    156.    Funk M, Kriechbaum K, Prager F, et al. Intraocular 
concentrations of growth factors and cytokines in 
retinal vein occlusion and the effect of therapy with 
bevacizumab. Invest Ophthalmol Vis Sci. 2009;
50:1025–32.  

    157.    Noma H, Funatsu H, Mimura T, et al. Role of soluble 
vascular endothelial growth factor receptor-2 in 
macular oedema with central retinal vein occlusion. 
Br J Ophthalmol. 2011;95:788–92.  

    158.    He H, Venema VJ, Gu X, et al. Vascular endothelial 
growth factor signals endothelial cell production of 
nitric oxide and prostacyclin through Flk-1/KDR acti-
vation of c-Src. J Biol Chem. 1999;274:25130–5.  

    159.    Zweier JL, Kuppusamy P, Lutty GA. Measurement 
of endothelial cell free radical generation: evidence 



72 2 Pathophysiology of Retinal Vein Occlusions

for a central mechanism of free radical injury in pos-
tischemic tissues. Proc Natl Acad Sci USA. 
1988;85:4046–50.  

    160.    Chan CC, Little HL. Infrequency of retinal neovas-
cularization following central retinal vein occlusion. 
Ophthalmology. 1979;86(2):256–63.  

    161.    Magargal LE, Donoso LA, Sanborn GE. Retinal 
ischemia and risk of neovascularization following 
central retinal vein obstruction. Ophthalmology. 
1982;89:1241–5.  

    162.    Hikichi T, Konno S, Trempe CL. Role of the vitreous in 
central retinal vein occlusion. Retina. 1995;15:29–33.  

    163.    Kado M, Trempe CL. Role of the vitreous in branch 
retinal vein occlusion. Am J Ophthalmol. 1988; 
105(1):20–4.  

    164.    Balaratnasingam C, Morgan WH, Hazelton ML, 
et al. Value of retinal vein pulsation characteristics in 
predicting increased optic disc excavation. Br J 
Ophthalmol. 2007;91:441–4.  

    165.    Fong ACO, Schatz H. Central retinal vein occlusion in 
young adults. Surv Ophthalmol. 1993;37:393–417.  

    166.    Mcleod D, Ring CP. Cilio-retinal infarction after 
retinal vein occlusion. Br J Ophthalmol. 1976;60:
419–27.  

    167.    Hayreh SS, Fraterrigo L, Jonas J. Central retinal vein 
occlusion associated with cilioretinal artery occlu-
sion. Retina. 2008;28:581–94.  

    168.    Schatz H, Fong ACO, McDonald HR, et al. 
Cilioretinal artery occlusion in young adults with 
central retinal vein occlusion. Ophthalmology. 
1991;98:594–601.  

    169.    Keyser BJ, Duker JS, Brown GC, et al. Combined 
central retinal vein occlusion and cilioretinal artery 
occlusion associated with prolonged retinal arterial 
 fi lling. Am J Ophthalmol. 1994;117:308–13.  

    170.    Jacks AS, Miller NR. Spontaneous retinal venous 
pulsation: aetiology and signi fi cance. J Neuro 
Neurosurg Psychiatry. 2003;74:7–9.  

    171.    Donati G, Kapetanios AD, Pournaras CJ. NO donors 
and experimental retinal vein occlusion. J Fr 
Ophthalmol. 1999;22:446–50.  

    172.    Lee YJ, Kim JH, Ko MK. Neovascularization in 
branch retinal vein occlusion combined with arterial 
insuf fi ciency. Korean J Ophthalmol. 2005;19:34–9.  

    173.    Hamilton AM, Kohner EM, Rosen D, et al. 
Experimental retinal branch vein occlusion in rhesus 
monkeys. I. Clinical appearances. Br J Ophthalmol. 
1979;63:377–87.  

    174.    Zhang H, Sonoda KH, Qiao H, et al. Development of 
a new mouse model of branch retinal vein occlusion 

and retinal neovascularization. Jpn J Ophthalmol. 
2007;51(4):251–7.  

    175.    Tameesh MK, Lakhanpal RR, Fujii GY, et al. Retinal 
vein cannulation with prolonged infusion of tissue 
plasminogen activator (t-PA) for the treatment of 
experimental retinal vein occlusion in dogs. Am J 
Ophthalmol. 2004;138:829–39.  

    176.    Tolentino MJ, Miller JW, Gragoudas ES, et al. 
Intravitreous injections of vascular endothelial growth 
factor produce retinal ischemia and microangiopathy in 
an adult primate. Ophthalmology. 1996;103:1820–8.  

    177.    Danis RP, Yang Y, Massicotte SJ, Boldt C. Preretinal 
and optic nerve head neovascularization induced by 
photodynamic venous thrombosis in domestic pigs. 
Arch Ophthalmol. 1993;111:539–43.  

    178.    Rosen DA, Marshall J, Kohner EM, et al. 
Experimental retinal branch vein occlusion in rhesus 
monkeys. II. Retinal blood  fl ow studies. Br J 
Ophthalmol. 1979;63:388–92.  

    179.    Wallow I, Danis R, Bindley C, Neider M. Cystoid 
macular degeneration in experimental BRVO. 
Ophthalmology. 1988;95:1371–9.  

    180.    Hockley DJ, Tripathi RC, Ashton N. Experimental 
retinal branch vein occlusion in rhesus monkeys. III. 
Histopathological and electron microscopical stud-
ies. Br J Ophthalmol. 1979;63:393–411.  

    181.    Kube T, Feltgen N, Pache M, et al. Angiographic 
 fi ndings in arteriovenous dissection (sheathotomy) for 
decompression of branch retinal vein occlusion. Graefes 
Arch Clin Exp Ophthalmol. 2005;243(4):334–8.  

    182.    Ameri H, Ratanapakorn T, Rao NA, et al. Natural 
course of experimental retinal vein occlusion in rab-
bit; arterial occlusion following venous photothrom-
bosis. Graefes Arch Clin Exp Ophthalmol. 2008;
246:1429–39.  

    183.    Royster AJ, Nanda SK, Hatchell DL, et al. 
Photochemical initiation of thrombosis:  fl uorescein 
angiographic, histologic, and ultrastructural altera-
tions in the choroid, retinal pigment epithelium, and 
retina. Arch Ophthalmol. 1988;106:1608–14.  

    184.    Nanda S, Hatchell D, Tiedeman J, et al. A new 
method for vascular occlusion. Arch Ophthalmol. 
1987;105:1121–4.  

    185.    Ameri H, Kim JG, Ratanapakorn T, et al. Intravitreal 
and subretinal injection of tissue plasminogen acti-
vator (tPA) in the treatment of experimentally cre-
ated retinal vein occlusion in rabbits. Retina. 
2008;28:350–5.     



73D.J. Browning, Retinal Vein Occlusions, DOI 10.1007/978-1-4614-3439-9_3, 
© Springer Science+Business Media New York 2012

 The chief risk factors for development of all types 
of retinal vein occlusions (RVOs) are hyperten-
sion, diabetes, hyperlipidemia, and primary open 
angle glaucoma. However, the relative impor-
tance of these factors varies across the types of 
RVO. Each of these risk factors is a complex trait, 
determined not only by genetic pro fi les but also 
by environmental factors such as diet, smoking, 
and exercise. 23  In addition to these complex traits, 
much effort has been spent attempting to deter-
mine whether there are more direct, independent, 
heritable risk factors. As a group, those factors 
are termed thrombophilia. A typical comment 
about thrombophilia between 1970 and 2000 
was, “It should be considered in cases where 
there is no predisposing cause for thrombosis.” 69  
Such statements are rare in 2012. Current evi-
dence, while not entirely consistent, indicates 
that the search for thrombophilia is not likely to 
be fruitful for any type of RVO. On the other 
hand, the sizable percentage of patients with RVO 
but no vascular risk factors and a negative screen 
for thrombophilia suggests the existence of 
important, undiscovered genetic mutations asso-
ciated with thrombophilia. 11  

 Many abbreviations are used in the literature 
discussing genetics and RVO. When a term is 
introduced, it will be spelled out in its  fi rst usage. 
Table  3.1  lists them.  

 Although genetic research has been directed 
mainly at associations with RVO, some studies 
have examined the association of genetic factors 
with disease course or interactions with secondary 

factors. For example, many investigations have 
concluded that factor V Leiden is not a signi fi cant 
risk factor for the development of RVO. However, 
there is evidence that among patients developing 
central retinal vein occlusion (CRVO), those pos-
sessing the factor V Leiden mutation (FVLM) 
have an increased risk of subsequently develop-
ing neovascular complications. Similarly, patients 
with Behcet’s disease and the FVLM are at 
increased risk for RVO. 11  ,  37  

    Chapter  3 
   Genetics of Retinal Vein Occlusions       

              

   Table 3.1    Abbreviations used in genetics of retinal vein 
occlusions   

 Abbreviation  Term 

 APC  Activated protein C 
 AT  Antithrombin 
 BRVO  Branch retinal vein occlusion 
 CRVO  Central retinal vein occlusion 
 CI  Con fi dence interval 
 DNA  Deoxyribonucleic acid 
 FVLM  Factor V Leiden mutation 
 IL  Interleukin 
 IXa  Activated factor IX 
 MTHFR  Methylenetetrahydrofolate reductase 
 MCP  Monocyte chemoattractant protein 
 PCR  Polymerase chain reaction 
 RAPC  Resistance to activated protein C 
 RVO  Retinal vein occlusion 
 RNA  Ribonucleic acid 
 SNPs  Single-nucleotide polymorphisms 
 TNF- a   Tumor necrosis factor  a  
 Va  Activated factor V 
 VIIa  Activated factor VII 
 Xa  Activated factor X 
 XIIa  Activated factor XII 
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 In many studies, patient samples are divided 
into cohorts de fi ned by age, usually with a cut-
point between 45 and 55 years. The rationale is 
that younger patients with RVO are less likely to 
have explanatory vascular risk factors, and may 
represent a pool of patients in whom genetic 
risks from thrombophilia could be more impor-
tant. In most cases, this expectation has been 
unfounded. 

 In contrast to sickle cell anemia or Huntington’s 
disease, but as in diabetes mellitus, a genetic com-
ponent of RVO would be a complex trait. It has 
never been proposed that a single gene could 
determine whether a person will develop RVO. 
Rather, if there is a genetic component to RVO, it 
is likely not to be determinative, but to increase 
risk, by interaction among genes and the environ-
ment. The alleles, or versions of genes, that are 
associated with complex genetic diseases are 
often common variants. These alleles contribute 
to the risk of disease expression severity and age 
of onset. 14  A recurring theme in the literature of 
thrombophilia and RVO is the importance of 
interactions of thrombophilia with exogenous fac-
tors such as oral contraceptive use or trauma. 11  

    3.1   Background for Clinical Genetics 

 Lack of familiarity of genetic concepts by clini-
cians has often been identi fi ed as an obstacle in 
progress toward understanding disease pathogene-
sis. 26  Therefore, this section is a brief review of 
genetic concepts for understanding the relevant lit-
erature and associated terminology. Readers famil-
iar with clinical genetics can skip directly to 
Sect.  3.4 . 

 Of course, understanding molecular genetics 
begins with the study of deoxyribonucleic acid 
(DNA), a linear polymer comprising of two 
strands containing sequences of four nitrogen-
containing bases – adenine (A), guanine (G), thy-
mine (T), and cytosine (C) (Fig.  3.1 ).  

 DNA is the template for its own replication. 
DNA also serves as a template for the creation of 
ribonucleic acid (RNA) in a process called tran-
scription. The RNA transcribed from the DNA in 
turn serves as the template for synthesis of pro-
teins. In transcription, DNA is always read begin-
ning at the 5 ¢  end and proceeding to the 3 ¢  end. 
The two strands of a DNA molecule are held 
together by hydrogen bonds between paired 

3'

3'

5'

5'

DNA double helix

Hydrogen bonds

Deoxyribose-
phosphate
backbones

  Fig. 3.1    Each strand of DNA 
consists of a backbone of 
deoxyribose-phosphate sugars 
with attached purine and 
pyrimidine bases. The bases 
show complementarity by 
forming hydrogen bonds with 
paired bases in the fellow 
strand (Redrawn after Della 16  )        
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bases. Adenine in one strand always binds to thy-
mine in its fellow strand and likewise for cytosine 
and guanine. For example, if a section of the 
sequence of one strand is 5 ¢ -ATGAC-3 ¢ , then its 
fellow strand at this locus reads 3 ¢ -TACTG-5 ¢ . 
Binding of complementary strands of DNA or 
between a single strand of DNA and its comple-
mentary RNA strand is termed hybridization. 24  

 The central principle of molecular biology is 
that DNA is transcribed to RNA, which is in turn 
translated into protein (Fig.  3.2 ). In the cell 
nucleus, transcription of DNA occurs  fi rst as a 
messenger RNA precursor (mRNA) that contains 
the transcript of the protein-coding DNA sequence 
(exons), the nonprotein-coding DNA sequence 
(introns), and untranslated regions adjacent to the 
3 ¢  and 5 ¢  termini. The transcribed introns are 
spliced out to yield a mature mRNA product 

(Fig.  3.2 ). In the cell cytoplasm, mature mRNA is 
translated as three base segments called codons 
into amino acids that compose the protein prod-
uct of the gene. 60  This intricate process of RNA-
guided protein synthesis is called translation.  

 Humans have 23 pairs of chromosomes, each 
comprised of DNA and associated proteins. Each 
chromosome contains many genes, or sequences 
of DNA that code for proteins, as well as 
sequences of DNA dedicated to regulatory func-
tions such as initiating transcription or transla-
tion. There are 3.3 billion base pairs in the human 
genome. 14  The latest estimate on the number of 
genes in the human genome is 20,000–25,000. 36  
Ninety-nine percent of the genome does not code 
for proteins. 79  These noncoding sections of the 
genome are broken into classes called introns and 
intergenic DNA. Introns, comprising 24% of the 
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  Fig. 3.2    DNA is transcribed 
into an mRNA precursor that 
is re fi ned to mature mRNA by 
the excision of sequences 
corresponding to introns and 
transported out of the nucleus 
into the cytoplasm. Translation 
of mature mRNA results in a 
protein (Redrawn after Della 16  )        
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human genome, are segments of DNA adjacent to 
exons that are initially transcribed into an RNA 
strand but are then excised from initial RNA tran-
scripts before the  fi nal mRNA strand leaves the 
nucleus for the cytoplasm on the way to protein 
synthesis (Fig.  3.2 ). Intergenic DNA, comprising 
75% of the genome, remains untranscribed and 
has regulatory and unknown functions. 79  The 
remaining 1% of DNA composes the exons that 
code for proteins. 12  ,  79   

    3.2   The Role of Polymorphisms 
in Genetic Studies 

 The DNA sequences of any two human beings 
are 99% identical. The 1% of DNA that differs 
between any two individuals constitutes the 
genetic basis of certain diseases. In addition, fac-
tors that control the expression of the genes con-
tribute to different phenotypes including disease. 
The purpose of genetic investigations is to deter-
mine which genes contribute to disease. On aver-
age, a difference in DNA sequence between two 
persons is found once per 1,200 base pairs. When 
a variation of the genetic locus is found in at least 
1% of a given human population, the variation is 
termed a polymorphism. 

 There are several categories of polymorphisms. 
Single-nucleotide polymorphisms (SNPs) are sin-
gle substitutions of one base for another at a cer-
tain position. A common way of naming an SNP is 
exempli fi ed by c.74C > G. This means that at the 
level of the coding DNA sequence (indicated by 
the c. pre fi x), at position 74, a cytosine is replaced 
by a guanine. The  fi rst letter characterizes the nor-
mal base, and the second letter following the 
arrowhead signi fi es the mutant base. However, 
there are many variations in nomenclature for 
SNPs. For example, some authors refer to muta-
tions not at the level of the coding DNA, but rather 
at the level of the altered amino acid sequence in 
the protein product of the mutant gene. In using 
this nomenclature, the convention is to list the 
normal amino acid  fi rst followed by the codon 
number in the sequence of the protein followed by 
the mutant amino acid. Thus, for example, 

Ala276Glu means that at codon 276, glutamine 
has replaced the expected alanine. 43  

 Another important class of polymorphisms is 
that of short tandem repeats (STRs) or microsatel-
lites. These are strings of repetitive base pair 
sequences that vary in length between persons. 
Thus, the alleles are variations in the number of 
repeats. For example, at a given location, one 
might  fi nd that one person shows CACA [or 
(CA)2], the next CACACA [or (CA)3], the next 
CACACACA [or (CA)4], and so on. Nucleotides 
are repeated in tandem a number of times. SNPs 
and STRs are scattered at different locations across 
the human genome, and encyclopedias of such 
polymorphisms have been compiled. Any part of 
the human genome can be probed by selecting an 
SNP or STR located nearby in the genetic map. 

 Yet another type of polymorphism, more 
often used in older genetic association studies, is 
the restriction fragment length polymorphism. 
Enzymes called restriction endonucleases cleave 
DNA at sites where certain DNA sequences are 
detected. There are many restriction endonucleases 
(Fig.  3.3 ). By analyzing the length of fragments of 
DNA produced by the action of restriction endo-
nucleases, one can deduce the presence or absence 
of polymorphisms that result in cleavage sites.  

 Figure  3.4  shows an example of a map of genetic 
markers, in this case short tandem repeats, corre-
sponding to chromosome 11. It also shows their 
position relative to a gene, PAX6, that is critical in 
ocular embryogenesis. As this  fi gure demonstrates, 
one can judiciously choose a polymorphism and 
examine whether it is associated with a disease 
such as RVO. If there is an association between the 
polymorphism and the disease phenotype, then 
neighboring genes of this polymorphism are candi-
dates for investigation of the pathogenesis of the 
disease. Neighboring genes become candidates 
because segments of DNA tend to be inherited 
together as a unit. Conversely, if one suspects that a 
certain gene is important in causing RVO, one 
could choose to study a polymorphism found in 
close proximity to that gene based on the genetic 
map and then look for associations of that poly-
morphism with presence or absence of the disease.  

 The success of such studies depends on 
how reproducible the classi fi cation of patients 
is by disease. In studies investigating genetic 
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associations with diabetic retinopathy, this has 
been a major problem. It is not a problem with 
RVO, because the diagnosis is rarely in doubt.  

    3.3   Types of Genetic Study Design 

 A common design in association analyses is the 
case-control format. In that format, from the 
same population of similar age and gender, two 
groups are selected: patients with RVO and a 
control group without RVO. Information is col-
lected regarding a genetic marker for each per-
son in the population sample. Then,  statistical 

tests are performed to examine associations of 
the genetic marker polymorphisms with pres-
ence or absence of the disease. Common statis-
tical tests include chi-square tests, odds ratios, 
likelihood ratios, and others. In theory, this 
approach could be used to screen many genetic 
markers at intervals across the entire genome 
to test for associations, but several method-
ological constraints limit such a wide net 
approach. 

 The genetic marker may have no causal rela-
tionship to RVO; it could just be linked with the 
gene that creates the risk. Many statistical tests per-
formed in genome-wide scans lead to false-positive 
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  Fig. 3.3    ( a ) Each of the many restriction enzymes cleaves 
DNA at a speci fi c site. Four (MspI, TaqI, EcoRI, and 
HindIII) are illustrated here along with the loci they 
cleave. ( b ) The result of applying a restriction endonu-

clease to DNA is a set of DNA fragments that can be sepa-
rated by electrophoresis. The electrophoretic pattern can 
distinguish different alleles (A and a) (Redrawn after 
Musarella 61  )        
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associations, so the results of this type of genetic 
association study frequently differ. The reasons 
offered include different ethnic groups studied and 

different criteria for patient selection. Given the 
many pitfalls and divergent results among studies, 
con fi dence in association studies should increase in 
proportion to the number of studies that replicate a 
given set of  fi ndings. Meta-analyses can be useful 
in deriving a common thread, if one exists, in dis-
cordant genetic studies. 87  They may also partially 
overcome the problem of inadequate power if the 
surveyed studies are small. 

 The Human Genome Project has led to the 
construction of a genetic map that locates all 
known genes and polymorphisms to their partic-
ular positions on the 23 pairs of chromosomes 
(22 pairs of autosomes and 1 pair of sex chromo-
somes – X and Y). Thus, there are 24 genetic sub-
maps, one for each of 22 autosomes and a submap 
for X and Y. Groups of polymorphisms located in 
the same chromosomal region tend to be inher-
ited together as a unit and are statistically associ-
ated. These are referred to as haplotypes. The 
HapMap Project is an ongoing international col-
laboration in which regions of linked polymor-
phisms are being de fi ned in four international 
populations. 40  Haplotypes are represented by so-
called tag SNPs, which are SNPs that are indica-
tors that an entire ensemble of SNPs is present. 
The ensemble is the haplotype. The tag SNP is 
the indicator label for a speci fi c haplotype. 

 A critical tool in genetic analysis is the poly-
merase chain reaction (PCR). This method involves 
taking a small amount of a speci fi c segment of 
DNA and generating a large amount of identical 
DNA. It provides enough material to be detectible 
and measurable to determine the presence or absence 
of a genetic marker in an  individual. Using PCR, 
each person in a study can be genotyped for a 
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  Fig. 3.4    Genetic markers called polymorphisms have 
been mapped throughout the human genome. In this exam-
ple, short tandem repeat polymorphisms have been mapped 
on chromosome 11 and are shown in relation to the posi-
tion of the PAX6 gene (Redrawn after Damji et al. 14  )        

  Why    Are So Many Association Studies for Retinal Vein Occlusion Negative? 

 The proportion of negative studies relating to RVO is probably higher than one might estimate 
taking into account publication bias (studies that report positive rather than negative  fi ndings 
have a higher publication rate). Why? One possibility is that thrombophilia actually plays a 
minor role in RVO. However, another possibility is sample sizes that are too small. With a type 
one error rate set at 5% and a study power set at 95%, a study must have 120 patients and 120 
controls in order to detect an odds ratio of greater than or equal to three for an association of 
RVO with a genetic mutation present in 5% of the population. 11  Few studies include 120 patients 
with RVO, so the probability of  fi nding an association, if one exists, is lower. 
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speci fi c allele. The genotype of the allele can be 
correlated with disease status to determine whether 
there are associations. In PCR, short synthetic 
pieces of single-stranded DNA called “primers” 
are made. They  fl ank a speci fi c, small region of 
DNA of interest in the sample from the person. 
The double-stranded DNA sample is separated 
and the primers bind to the region of interest based 
on their complementary sequences. DNA poly-
merase and deoxynucleotide triphosphates are then 
added to the mixture at varying temperatures, 

 producing new, complementary DNA adjacent to 
the primers at the sequence of interest. This results 
in two copies of the double-stranded DNA in the 
region of interest from a single copy. The process 
is repeated many times – 30 times would be typi-
cal – producing a billion copies of the DNA sam-
ple from a single starter molecule. This larger 
amount of DNA can then be manipulated, sepa-
rated, and measured electrophoretically and alleles 
distinguished. Figure  3.5  illustrates the process of 
PCR.  

1. PCR tube

a

2. Denature DNA at 94°

3. Anneal primers at 55°

4. Extend primers at 72°

5. Twice the DNA product

Primers

Template DNA

DNA strands separate

Hybridize to template
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DNA synthesis 

Ready for next cycle 
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  Fig 3.5    ( a ) Schematic 
representation of the process 
of PCR. A double-stranded 
molecule of DNA, called the 
template, is broken into two 
single-strand components by 
heating. Primers are synthe-
sized speci fi cally to bind to 
DNA sequences that  fl ank the 
region of interest (the region 
being examined for a 
particular polymorphism). 
These primers are added to the 
mixture and anneal to the 
complementary sequences in 
the single separated strands of 
DNA (hybridization). ( b ) 
Polymerase enzymes and 
deoxynucleotide triphosphates 
( dNTP ) are added to the 
mixture and new DNA is 
produced starting at the end of 
the bound primer. Two 
double-stranded DNA 
molecules result. The process 
is repeated many times to 
produce enough DNA to 
manipulate electrophoreti-
cally. ( c ) Schematic of the 
exponential ampli fi cation of 
DNA through PCR. After 30 
cycles, an initial template 
molecule of DNA results in 
one billion molecules of 
identical DNA (Redrawn 
Della 16  and Dragon 19  )            

 



80 3 Genetics of Retinal Vein Occlusions

Template 
strand

Polymerase

dNTP

b

Template 
DNA

PCR cycle2

PCR cycle3

PCR cycle4

PCR cycle5

c

Fig. 3.5 (continued)



813.4 Studies of the Genetics of Retinal Vein Occlusion 

 Because familial clustering of RVO is rare, 
only certain types of clinical genetics studies are 
used. Linkage analysis studies are notably miss-
ing in clinical genetics research regarding RVO.     

    3.4   Studies of the Genetics 
of Retinal Vein Occlusion 

 The number of studies exploring possible genetic 
susceptibility to or protection from RVO is 
steadily growing. Our goal in this chapter is to 
expose the clinician to an important and expand-
ing  fi eld of inquiry. A prominent theme that 
emerges from reviewing the many genetic studies 
is the inconsistency of results. Inconsistency may 
result from varying genotype distributions across 
different populations, small sample sizes with 
insuf fi cient statistical power to accomplish the 
goals of the studies, and varying standards for 
control groups. 33  ,  84  For example, in studies on 
associations of RVO and the factor V Leiden 
mutation, whether the control group is drawn 
from patients with coronary artery disease or 
from patients with deep venous thrombosis can 
change the interpretation of the results. 33  Some 
studies have not used internal controls, but rather 
published data from other research groups, a 
practice considered by many to be unsound. 32  ,  77  

 Genome association studies with RVO can be 
based either on testing of particular polymor-
phisms, or agnostic genome-wide searching. The 
former has a higher probability of association 
with the disease than agnostic searches of poly-
morphisms, which can number in the thousands. 74  
The latter requires much larger sample sizes and 
is less ef fi cient, but is less likely to miss 
associations. 

 Based on the evidence that atherosclerotic car-
diovascular disease is associated with RVO, and 
the fact that atherosclerosis is associated with a 
cytokine pro fi le, a number of cytokine genes have 
been identi fi ed for investigation. Proin fl ammatory 
cytokines such as interleukin (IL)-6, IL-18, and 
monocyte chemoattractant protein (MCP)-1 are 

associated with atherosclerosis and therefore 
have been suspected of association with RVO. 54  ,  74  
Anti-in fl ammatory cytokines such as IL-10, 
which are associated with relative protection 
against atherosclerosis, have been investigated, 
since they could be associated with protection 
against RVOs. 54  ,  74  

 IL-1 b , IL-6, tumor necrosis factor (TNF)- a , 
and MCP-1 upregulate the expression of tissue 
factor, thus theoretically promoting thrombosis. 
IL-1 b  and TNF- a  downregulate the expression of 
plasminogen activator, thus inhibiting  fi brinolysis. 
Therefore, gene mutations for all of these cytok-
ines have been tested for association with 
RVO. 54  ,  74  Similarly, IL-10 downregulates expres-
sion of tissue factor, and IL-4 upregulates plasmi-
nogen activator, so both have been tested for 
association with protection against RVO. 54  

 In some studies, RVOs of all types are pooled 
based on the assumption that genetic risk factors 
are common across subtypes of RVO. In other 
studies, patients are divided into CRVO and 
BRVO groups. It is better to study RVOs by type, 
because their etiologies may differ in important 
ways, but assembling large enough samples of a 
particular type is harder. The approach of the 
studies discussed below – whether all RVOs were 
pooled or types were studied separately – is noted 
in Tables  3.2 ,  3.3 ,  3.4 ,  3.5 ,  3.6 , and  3.7 .       

    3.4.1   Platelet Glycoprotein Receptor 
Genes 

 GPIIb/IIIa is a platelet glycoprotein receptor 
involved in platelet adhesion to the subendothe-
lial matrix and in platelet-to-platelet adhesion. 84  
A polymorphism of the gene coding for the 
GPIIIa subunit (ITGB3) is characterized by a 
T-to-C substitution at nucleotide 176. It has been 
associated with increased platelet aggregability 
and hence a procoagulant effect. Studies have 
looked for an association of this polymorphism in 
patients with CRVO and BRVO, and no associa-
tions have been found (Table  3.2 ). 49  ,  84  
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 The glycoprotein Ia/IIa complex (GPIa/IIa), 
also called integrin  a 2 b 2, is a collagen receptor 
involved in the adhesion of platelets to the vascu-
lar endothelium. The density of GPIa/IIa varies 
among individuals. The 807C/T polymorphism 
of the GPIa gene is linked to the density of col-

lagen receptors on the platelets with the −807T 
associated with high receptor density and the 
−807C allele associated with low receptor den-
sity. High density of collagen receptors on plate-
lets has been proposed as a risk factor for 
thrombosis. 18  ,  25  ,  46  The GPIa −807T allele has been 

   Table 3.3    Case-control studies of the MTHFR C677T mutation and pooled retinal vein occlusions   

 Study 
 Country 
of origin 

  N  cases/
 N  controls 

 Prevalence 
in cases (%) 

 Prevalence 
in controls (%)   P  

 Dodson et al. 18   England  40/40  10  15  NS 
 Loewenstein et al. 52   Israel  59/1863  19  10  0.038 
 Biancardi et al. 6   Brazil  55/55  9  9  NS 
 Sottilotta et al. 72   Italy  105/226  28  31  NS 
 Salomon et al. 70   Israel  102/105  25  15  NS 
 Glueck et al. 29   United States  17/234  18  11  NS 
 Cahill et al. 9   England  87/87  15  17  NS 
 Marcucci et al. 56   Italy  55/61  38  15  NS 
 Cruciani et al. 13   Italy  29/62  10  37  NS 
 Ferrazzi et al. 22   Italy  63/48  29  4  NS 
 McGimpsey et al. 57   England  103/94  11  15  NS 

   N  number,  NS  not signi fi cant  

   Table 3.4    Case-control studies of the MTHFR C677T mutation and central retinal vein occlusion   

 Study 
 Country 
of origin 

  N  cases/
 N  controls 

 Prevalence 
in cases (%) 

 Prevalence 
in controls (%)   P  

 Weger et al. 83   Austria  78/78  17  12  NS 
 Boyd et al. 7   England  63/63  8  11  NS 
 Larsson et al. 50   Sweden  116/140  5  11  NS 
 Gao et al. 27   China  64/64  22  17  NS 
 Di Crecchio et al. a  17   Italy  31/31  13  16  NS 
 Di Crecchio et al. a  17   Italy  31/31  13  13  NS 
 Duic and Gveric-Krecak 20   Croatia  16/105  25  15  NS 
 Marcucci et al. 55   Italy  100/100  30  17  NS 
 Adamczuk et al. 2   Argentina  37/144  11  13  NS 
 Parodi and Di Crecchio 62   Italy  31/31  13  13  NS 

   N  number,  NS  not signi fi cant 
  a Same group of cases but different control groups, one healthy, one matched for vascular risk factors  

   Table 3.2    Platelet glycoprotein receptor gene mutations and retinal vein occlusions   

 Gene 
 Polymorphisms, genotypes, 
and haplotypes  Ethnicity,  N   RVO type   P   Reference 

 Glycoprotein Ia gene  −807CT + TT genotype  Austrian, 294  BRVO  NS  Weger et al. 84  
 Glycoprotein Ia gene  −807CT + TT genotype  Israeli, 69  BRVO  NS  Salomon et al. 71  
 Glycoprotein Ia gene  −807CT + TT genotype  Mixed Brazilian, 70  Mixed RVO  NS  Gadelha et al. 25  
 Glycoprotein Ia gene  −807TT and −873AA 

haplotype 
 English, 40  Mixed RVO  NS  Dodson et al. 18  

 Glycoprotein Ibalpha gene  VNTR polymorphism  Israeli, 69  BRVO  NS  Salomon et al. 71  
 Glycoprotein Ibalpha gene  Kozak polymorphism  Israeli, 69  BRVO  NS  Salomon et al. 71  
 Glycoprotein IIIa gene  HPA-1 polymorphism  Israeli, 69  BRVO  NS  Salomon et al. 71  
 Glycoprotein IIIa gene  HPA-2 polymorphism  Israeli, 69  BRVO  NS  Salomon et al. 71  

   Mixed RVO  pooled BRVO, H-CRVO, and CRVO;  NS  not signi fi cant  
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shown to be overrepresented and an independent 
risk factor for stroke in patients of 50 years or 
older. 10  Studies in pooled RVOs and in BRVOs 
have not shown an association of this mutation 
with the affected eyes. 25  ,  84  

 In addition to the 807C/T polymorphism, an 
873G/A polymorphism of the GPIa gene has 
been linked to the density of collagen receptors 

on the platelets: the −873A allele is associated 
with high receptor density and the −873G with 
low receptor density. An association of the 
−807TT/−873AA genotype with RVO was not 
found. 18  The authors suggested that their failure 
to  fi nd this expected association resulted from the 
low frequency of this genotype in the population 
together with their small sample size. 18  

   Table 3.5    Case-control studies of the MTHFR C677T mutation and branch retinal vein occlusion   

 Study  Country of origin 
  N  cases/ N  
controls 

 Prevalence in cases 
(%) 

 Prevalence in 
controls (%)   P  

 Weger et al. 83   Austria  84/84  5  7  NS 
 Yanamandra et al. 88   United States  18/1472  0  1  NS 

   N  number,  NS  not signi fi cant  

   Table 3.6    Case-control studies of the factor V Leiden mutation and retinal vein occlusion   

 Study/type RVO 
 Age range,  N  cases, 
 N  controls 

 Prevalence of RVO pts 
with the FVLM (%) 

 Prevalence of controls 
with the FVLM (%) 

  P   He  Ho  He  Ho 

 Kuhli et al. 44 /CRVO  Age  £  45, 47, 83  12.7  4.3  4.8  0  NS 
 Kuhli et al. 44 /CRVO  Age  ³  45, 95, 45  5.3  0  4.4  0  NS 
 Dodson et al. 18 /pooled RVO  Age  ³  40, 40, 40  2.5  2.5  NS 
 Weger et al. 84 /BRVO  All ages, 294, 294  6.1  0.7  3.6  0  NS 
 Arsene et al. 3 /pooled RVO  All ages, 234, 180  5.1  0  4.4 b   0  NS 
 Rehak et al. 66 /pooled RVO  All ages, 121, 60  9.1 a   6.7 a   NS 
 Biancardi et al. 6 /pooled RVO  All ages, 55, 55  3.6 a   0  NS 

  This table summarizes only those studies that had a control group 
  N  number,  NS  not signi fi cant,  He  heterozygous,  Ho  homozygous,  RVO  retinal vein occlusion,  FVLM     
factor V Leiden mutation 
  a No distinction made between heterozygotes and homozygotes 
  b Mean age of control group was 32 years, compared to mean age of 62 years for patients with RVO  

   Table 3.7    Case-control studies of the 202210G > A mutation of the prothrombin gene (factor II Leiden) and retinal 
vein occlusion   

 Type RVO  Study 
  N  cases/ N  
controls 

 Prevalence of mutation 
in affected patients (%) 

 Prevalence in the 
control group (%)   P  

 Pooled RVO  Incorvaia et al. 39   100, 70  6.0  4.2  NS 
 Pooled RVO  Dodson et al. 18   40, 40  5.0  2.5  NS 
 Pooled RVO  Arsene et al. 3   234, 180  3.8  2.8 a   NS 
 Pooled RVO  Biancardi et al. 6   55/55  1.8  3.6  NS 
 CRVO  Greiner et al. 33   48, 209  0  0  NS 
 CRVO  Kalayci et al. 42   25, 87  0  2  NS 
 CRVO  Boyd et al. 7   63, 63  1.6  0  NS 
 BRVO  Greiner et al. 33   33  0  NA 
 BRVO  Kalayci et al. 42   27, 87  0  2  NS 
 BRVO  Weger et al. 84   294, 294  2  1.7  NS 

   RVO  retinal vein occlusion,  BRVO  branch retinal vein occlusion,  CRVO  central retinal vein occlusion,  N  number,  NS  not 
signi fi cant,  NA  not applicable 
  a Mean age of control group was 32 years, compared to mean age of 62 years for patients with RVO  
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 No evidence suggests that screening is war-
ranted for these platelet glycoprotein receptor 
gene mutations in patients with RVO.  

    3.4.2   5,10-Methylenetetra-
hydrofolate Reductase 
C677T Polymorphism 

 Hyperhomocysteinemia due to genetic mutations 
occurs in two degrees of severity. Severe hyper-
homocysteinemia, which is rare, occurs in muta-
tions of cystathionine  b -synthase, as well as in 
certain mutations of 5,10-methylenetetrahydro-
folate reductase (MTHFR) associated with less 
than 2% of normal enzyme activity. Mild hyper-
homocysteinemia is associated with a different 
mutation of the MTHFR gene, C677T, which is 
associated with 50–65% residual activity under 
speci fi c conditions of heat inactivation. 11  
Homozygosity for the MTHFR C677T mutation 
leads to approximately 30% of normal MTHFR 
activity, as well as a mildly elevated plasma 
homocysteine concentration, especially in the 
presence of folate de fi ciency. 11  ,  83  ,  85  The preva-
lence of this mutation has ethnic variation rang-
ing from 5% in Denmark to 15% in Italy. 15  The 
consensus is that routine screening for the 
MTHFR C677T mutation is not advised. 6  ,  7  

    3.4.2.1   Pooled Retinal Vein Occlusion 

 The evidence relating a role for the MTHFR 
C677T mutation in pooled RVO is inconsistent 
but on balance negative (Table  3.3 ). 11  ,  77  In a con-
secutive series of 59 patients with either BRVO 
or CRVO, 44.1% were heterozygous for the 
C677T mutation, and 18.6% were homozy-
gous. 52  The study was uncontrolled. The authors 
compared their data from a medical center in Tel 
Aviv to published data from a different outpa-
tient clinic in Israel. This comparison led the 
investigators to state that there was a statisti-
cally signi fi cant association of the MTHFR 
C677T homozygosity with RVO, but this rea-
soning is  fl awed. 52  Proper statistical testing 

would require that the control group derive from 
the same population. In addition, pooling 
patients with BRVO and CRVO is problematic 
because of the pathophysiology of the condition 
may differ. 58  ,  77   

    3.4.2.2   Central Retinal Vein Occlusion 

 In numerous studies looking for an association of 
the MTHFR C677T mutation with CRVO, little 
supportive evidence has been found (Table  3.4 ). 
What positive evidence has been found may be 
explained by methodological problems of the 
studies and different genetic backgrounds of the 
sample populations. 77  ,  83  For European and Asian 
populations, neither heterozygosity nor homozy-
gosity for the MTHFR C677T mutation seems to 
be a risk factor for CRVO. One study found an 
association of the MTHFR 677TT genotype with 
ischemic CRVO but not nonischemic CRVO. 27   

    3.4.2.3   Branch Retinal Vein Occlusion 

 As with CRVO, the literature consistently shows 
a lack of association of the MTHFR C677T muta-
tion and BRVO. 85    

    3.4.3   Resistance to Activated Protein 
C and the Factor V Leiden 
Mutation 

 The most common genetic thrombophilic defect 
in Caucasians is the factor V R506Q mutation 
caused by a G-to-A substitution at nucleotide 
1691 of the factor V gene on chromosome 1. This 
mutation comprises 45% of cases of inherited 
thrombophilia. 5  ,  59  The mutation incurs reduced 
degradation of factor Va by activated protein C 
(APC), and hence a hypercoagulable state termed 
“resistance to activated protein C (RAPC).” 44  ,  51  
Adding APC to blood normally delays clotting of 
the blood. In blood from a patient with the factor 
V Leiden mutation (FVLM), adding APC has a 
subnormal anticoagulant effect. The inheritance 
pattern for the FVLM is autosomal dominant, so 
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RAPC is more pronounced in persons homozy-
gous for the FVLM than for those who are 
heterozygous. 51  

 The FVLM is present in 2–15% of Caucasians. 
It is highly variable across different ethnic groups 
and is uncommon in patients with African, Asian, 
Australasian, and native American ancestry. 11  ,  33  ,  53  ,  65  ,  81  
Because the FVLM is rare in non-Caucasians, stud-
ies looking for an association between FVLM and 
RVO drawn from non-Caucasian populations will 
be less likely to  fi nd any association. 49  

 Testing for the FVLM involves PCR tech-
niques that are relatively expensive, whereas APC 
testing is commonly available at any clinical labo-
ratory and is relatively inexpensive. Therefore, 
the usual testing scenario is to screen patients by 
testing for RAPC and then to pursue only those 
positive for RAPC with PCR testing for the 
FVLM. 44  In clinical practice, the  fi rst step is to 
check the activated partial thromboplastin time 
(PTT) ratio. If it is less than some cutoff value 
speci fi c to the laboratory, commonly 1.9–2.0, then 
DNA analysis by PCR is performed to detect the 
R506Q mutation. 33  Some investigators have 
stopped at the step of determining resistance to 
activated protein C. 49  ,  86  Because there are acquired 
bases for RAPC, these patients cannot be said to 
have FVLM. 53  Acquired RAPC can arise from 
pregnancy, surgery, systemic lupus erythemato-
sus, stroke, and use of oral contraceptives. 31  ,  81  

 There is agreement that the FVLM is associ-
ated strongly with systemic deep venous throm-
bosis. Heterozygosity increases the lifetime risk 
for systemic thrombosis 5–10 times and homozy-
gosity by 50–100 times. 44  When the FVLM is 
added to other risk factors such as oral contracep-
tive use or pregnancy, the risk posed by the FVLM 
is multiplied. 81  In contrast, the FVLM is not asso-
ciated with arterial vascular disease, and the asso-
ciation with RVO is inconsistent and for the most 
part negative. 11  ,  18  ,  53  In a comprehensive review of 
nine studies looking for an association of the 
FVLM with pooled RVO, one found an association 
and eight did not. 77  Similarly, of ten studies looking 
for an association of the FVLM with CRVO, six 
showed an association and four did not. 77  Also, of 
two studies looking for an association of the 

FVLM and BRVO, neither showed an associa-
tion. 77  A review of this extensive negative data is 
available in Tourville. 77  

 Since Tourville’s review, several new studies 
have been published on this topic, all of them 
negative (Table  3.6 ). Some studies have looked at 
subgroup analyses that suggest an association, 
such as an association among patients without 
vascular risk factors, but the number of patients 
in such subgroup analyses is small, so con fi dence 
in the suggested association is low. 66  A meta-
analysis of 18 studies with 1,748 cases of pooled 
RVO and 2,716 controls showed a small associa-
tion of the FVLM with pooled RVO with a com-
bined odds ratio of 1.66 (95% con fi dence interval 
(CI) 1.19–2.32). This suggests that the multiple 
negative studies were negative because of their 
small size. Even if one accepts the conclusion of 
this meta-analysis, the clinical importance of the 
FVLM as a risk factor for RVO is small. 67  

 Although the evidence suggests that the 
FVLM is not associated with any form of RVO, it 
has been associated with an increased risk of neo-
vascularization of the iris after CRVO. 37  In a ret-
rospective study of 166 patients with CRVO in 
Sweden, 11 of 20 (55%) with the FVLM devel-
oped neovascular complications, whereas 45/146 
(31%) without FVLM did so ( P  = 0.04, OR 2.7, 
95% CI 1.1–7.1). 37  Also, in the special situation 
of Behcet’s disease, presence of the FVLM 
increases the risk of RVO. 11  

 Although there are cases in which the FVLM 
and RVO have been found together, the frequency is 
too low to make a search for the FVLM routine. 6  ,  34  
In patients with a family history of thrombosis, a 
test for RAPC should be performed, and if positive, 
a test for FVLM is warranted. Positive testing for 
the FVLM should lead to counseling about reduc-
tion in acquired risk factors for venous occlusions 
including RVO. 31  Anticoagulant therapy in response 
to a discovery of the FVLM is recommended for 
heterozygous patients who have recurrent RVO or 
RVO with systemic venous thrombosis. It is recom-
mended for all homozygotes, even if only a single 
episode of RVO has occurred. Consultation with a 
hematologist is recommended, and family members 
should be screened for the mutation. 44   
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    3.4.4   202210G > A Mutation of the 
Prothrombin Gene (Factor II 
Leiden) 

 The 20210G > A mutation increases the ef fi ciency 
of prothrombin mRNA processing and mRNA 
stability, which in turn increases plasma pro-
thrombin concentrations – a procoagulant effect. 
It is the second most common genetic defect 
causing thrombophilia, comprising 18% of cases 
of inherited thrombophilia. 5  ,  42  ,  59  The prevalence 
of the heterozygous 20210G > A genotype in 
Europeans without venous thrombosis varies from 
0.7% to 4.0%, but in patients with systemic venous 
thrombosis, it is from 8.0% to 16.0%. 21  ,  33  ,  38  ,  39  The 
prevalence of the mutation is higher in southern 
European whites than northern European whites, 
and much lower in non-whites. 11  With such a low 
percentage, it would be dif fi cult to assemble a 
large enough sample of patients with RVO to 
show an association if one were to exist. 33  

 Heterozygosity for the 20210G > A mutation 
can increase plasma prothrombin levels from 
25% to 30%, but some individuals have normal 
prothrombin levels. 38  ,  63  Case reports and series 
have suggested a link between the 20210G > A 
mutation and RVO. 63  As shown in Table  3.7 , in 
two studies of pooled RVOs, three studies of 
CRVOs, and three studies of BRVOs, there was 
no statistically signi fi cant difference in the fre-
quency of the mutation (i.e., in percentage of 
heterozygous patients) among affected patients 
compared to controls. Exogenous risk factors for 
RVO such as oral contraceptive use along with a 
genetic substrate of the prothrombin 20210A 
mutation raise the risk of thrombosis. 11  The con-
sensus view advises against routine screening for 
the prothrombin 20210A mutation. 6  ,  7   

    3.4.5   Plasminogen Activator 
Inhibitor-1 

 An increase in plasminogen activator inhibitor-1 
(PAI-1) is theoretically prothrombotic, since the 
4G allele of the plasminogen activator inhibitor-1 

gene is associated with hypo fi brinolysis. 30  In a 
study of 44 pooled RVOs (42 CRVOs and 2 
BRVOs) and 83 controls, there was a suggestion 
of a higher prevalence of this mutation among 
patients with RVOs. Sixty-four percent of the 
pooled RVO patients had the 4G allele compared 
to 48% of controls ( P  = 0.015). More studies are 
needed before this suggested association can be 
accepted. 

 Ophthalmic reports often do not separate pri-
mary and secondary abnormalities of PAI-1. 
There was a statistically signi fi cantly higher 
mean factor PAI-1 level in patients with CRVO 
compared to population-based controls in a study 
in England. 86  In a separate study, elevated PAI-1 
was higher (12.2 U/ml) in cases than in controls 
(6.3 U/ml) ( P  = 0.013). 30  It is uncertain whether 
these results re fl ect primary disease among those 
with elevated levels. Routine screening for PAI-1 
is not recommended.  

    3.4.6   Protein C 

 Protein C de fi ciency has rarely been found in 
patients with RVO. 80  Protein C is a vitamin 
K-dependent serine protease inhibitor of coagu-
lation. When clotting is initiated at a site of vas-
cular injury, activated factor V is a necessary 
cofactor in the production of thrombin. However, 
thrombin binds to thrombomodulin, forming a 
complex that cleaves protein C to form activated 
protein C (APC). 53  APC inhibits coagulation by 
degrading activated factors V and VIII; therefore, 
reduced protein C activity is prothrombotic. 49  ,  75  
The prevalence of reduced protein C activity in 
the general population is estimated to be 
0.2–0.5%. 49  ,  77  

 Some cases of protein C de fi ciency are pri-
mary, although ophthalmic association studies 
have not separated these cases from acquired 
cases. Primary de fi ciency of protein C occurs as 
an autosomal recessive condition. Homozygous 
protein C de fi ciency causes levels of protein C to 
be less than 1% of normal and is associated with 
neonatal thrombotic events and early death. 
Heterozygous protein C mutations producing 
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de fi ciency are estimated to occur in 0.006% of 
persons and comprise 5.7% of cases of inherited 
thrombophilia. 5  ,  47  ,  59  The prevalence of protein C 
de fi ciency in systemic venous thrombosis is 
reported to be 3.1%. 33  With such low prevalences, 
it is dif fi cult to assemble a large enough sample 
of patients with RVO in which to be able to show 
an association if one were to exist. 33  One study 
took the reverse approach and examined a family 
with known protein C de fi ciency and a history of 
other systemic thromboses. Of 12 family mem-
bers  fi tting this description, fundus examination 
showed no evidence of RVO. 82  

 Tourville performed a meta-analysis of six 
studies examining a possible association of pro-
tein C de fi ciency and CRVO and nine studies 
examining a possible association of protein C 
de fi ciency and pooled RVO cases through 2006. 77  
A total of 290 patients were examined in the 
CRVO studies and 568 patients in the pooled 
RVO studies. No studies involved a pure sample 
of BRVO and protein C de fi ciency. All six CRVO 
studies found no association. Of the pooled RVO 
studies, three found an association and six did 
not. Since 2006, two additional case-control stud-
ies of pooled RVOs including 355 patients have 
also failed to  fi nd an association with protein C 
de fi ciency. 3  ,  66  The consensus is that screening for 
protein C de fi ciency in RVO is unnecessary. 77   

    3.4.7   Protein S 

 Protein S is a vitamin K-dependent glycoprotein 
that acts as a nonenzymatic cofactor with acti-
vated protein C to inhibit coagulation. Therefore, 
a de fi ciency of protein S is prothrombotic. 75  The 
prevalence of protein S de fi ciency in the general 
population is estimated to be 0.14–1.3%, but in 
systemic venous thrombosis, it is reported to be 
1.2%. 49  ,  77  In addition, total protein S and free pro-
tein S must be distinguished. A de fi ciency of free 
protein S has been associated with CRVO in 
patients below the age of 50 with no de fi ciency of 
total protein S. 49  

 Cases of primary protein S de fi ciency repre-
sent only a portion of the total cases of protein S 

de fi ciency, but ophthalmic reports do not gener-
ally distinguish the primary from the acquired 
subgroups. The gene for protein S is located on 
chromosome 3, and primary de fi ciency is caused 
by autosomal dominant mutations. With such low 
prevalence of protein S de fi ciency, it is hard to 
assemble a sample of patients with RVO large 
enough to show an association. 33  In a meta-anal-
ysis of seven studies published before 2006, with 
307 total patients looking for an association of 
protein S de fi ciency and CRVO, six studies found 
no association and one study without a control 
group suggested an association. 77  Similarly, of 
eight studies of 566 pooled RVO patients, no 
association was found in six and an association 
was found in two studies. The two positive stud-
ies were from the same group and have been 
criticized for methodological problems of non-
comparable controls and high rates of positive 
associations for many factors examined. 77  Since 
the meta-analysis, two additional case-control 
studies with 355 pooled RVO patients found no 
association with protein S de fi ciency. 3  ,  66  As with 
protein C, the consensus is that screening for pro-
tein S de fi ciency in RVO is unnecessary. 77   

    3.4.8   Fibrinogen 

 Fibrinogen is a glycoprotein with three paired 
protein chains (A a , B b , and  g  g ) that is converted 
to  fi brin through the action of thrombin. Fibrin 
stabilizes thrombus, so an increased  fi brinogen 
level is procoagulant. A  fi brinogen  b  gene poly-
morphism involving a G-to-A substitution at 
position −455 in the 5 ¢  promoter region, when 
present on both alleles, is associated with higher 
plasma  fi brinogen levels than the more common 
homozygous G genotype. Although suspected of 
association with BRVO, no association has been 
found. 84  In a study of 294 patients with BRVO, 
the  b -455AA genotype was found in 5.1% of 
BRVOs and 7.1% of the controls ( P  = 0.730). 84  

 Ophthalmic reports do not generally separate 
primary from acquired cases of abnormal 
 fi brinogen levels. The importance of elevated 
 fi brinogen in RVO is unclear. Elevated  fi brinogen 
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has been reported in some case-control studies of 
patients with pooled RVO compared to con-
trols, 1  ,  68  ,  76  ,  78  but not in others. 28  ,  41  ,  78  ,  86  In one study, 
ischemic but not nonischemic RVOs had elevated 
 fi brinogen concentrations. 78  Paradoxically, 
reduced  fi brinogen has also been reported in 
CRVO patients without known risk factors when 
compared to controls. 4  In the EDCCS, an elevated 
 fi brinogen was associated with an increased risk 
of HCRVO. 73  The inconsistency of results sug-
gests that  fi brinogen levels have minor impor-
tance if any in most cases of RVO, so routine 
screening for  fi brinogen concentration in patients 
with RVO is not recommended.  

    3.4.9   Factor XII 

 Factor XII increases  fi brinolysis by promoting 
the conversion of plasminogen to plasmin. It also 
promotes coagulation by involvement in the  fi rst 
step of the intrinsic coagulation cascade, so it has 
both prothrombotic and antithrombotic functions. 
Nevertheless, the overall effect of a de fi ciency of 
factor XII is procoagulant. 

 The factor XII gene polymorphism character-
ized by a C-to-T substitution at nucleotide 46 is 
associated with lower plasma XII levels and has 
been investigated as a risk factor for BRVO. No 
association was found. 84  In a study of 294 patients 
with BRVO, the −46TT genotype was found in 
7.5% of BRVOs and 7.1% of controls 
( P  = 0.177). 84  

 Not all reports separate primary from acquired 
cases of factor XII de fi ciency. In a case-control 
study of 150 pooled RVO cases and 135 controls, 
9.35% of cases had low factor XII compared to 
0.7% of controls ( P  = 0.009). 45  The results were 
dependent on age. Prevalence of factor XII 
de fi ciency was not different from controls among 
patients greater than age 45, but only among 
patients 45 years of age or less. 45  This study 
pooled 94 patients with CRVO and 56 patients 
with BRVO, and the results were similar in the 
RVO subgroups to those in the pooled group. 45  
Routine screening for factor XII concentration in 
patients with RVO is not recommended.  

    3.4.10   Antithrombin De fi ciency 

 Antithrombin (AT), also called antithrombin III 
in the older literature, is a plasma protein that 
inactivates thrombin, IXa, Xa, XIIa, activated 
protein C, and kallikrein. 47  Heparin increases its 
anticoagulant potency 1,000-fold. Functional 
tests for antithrombin are necessary rather than 
antigenic tests, which do not distinguish func-
tional from dysfunctional protein. 80  

 As with many coagulopathies, AT de fi ciency 
can be primary (genetic) or secondary (acquired in 
association with other conditions). 69  Secondary 
causes of antithrombin de fi ciency include athero-
sclerosis, cancer, liver disease, pregnancy, oral con-
traceptive use, and disseminated intravascular 
coagulation. 69  There is little information in the lit-
erature regarding acquired AT de fi ciency and RVO. 
Most reports measure AT levels, ignore the contri-
bution of nongenetic confounding factors, and con-
sider the results to re fl ect primary AT de fi ciency. 

 Reduced antithrombin levels are prothrom-
botic. 8  However, some studies report abnormali-
ties in antithrombin, which could include elevated 
levels that would not normally be expected to 
predispose patients to RVO. For example, levels 
of antithrombin were checked in 51 patients with 
either CRVO or HCRVO in an uncontrolled 
study. 35  Abnormalities were found in 16%, but 
whether the abnormalities were reductions or 
elevations was not reported. 35  Similarly, abnor-
malities without stated direction were found in 
17% of an uncontrolled series of 30 patients with 
BRVO. 35  No action was recommended based on 
these test results. 35  

 In the EDCCS, an elevated antithrombin was 
paradoxically associated with an increased risk 
of CRVO. 76  Again, enigmatically, a higher mean 
AT level was found in patients with CRVO than 
in population-based controls. 86  On the other hand, 
in a case-control study of 42 patients with chronic 
pooled RVOs, the mean AT concentration was 
lower than that of the controls. 78  To attempt to 
explain the paradox, some have suggested that 
elevated AT occurs as a compensatory response 
to elevated procoagulant factors, but this sugges-
tion has not been tested. 86  
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 Primary AT de fi ciency is inherited as an auto-
somal dominant condition and is characterized 
by recurrent thromboembolism and disseminated 
intravascular coagulation. 69  At least 220 muta-
tions of the SERPINC 1 gene found on chromo-
some 1 cause primary AT de fi ciency. The 
prevalence of primary AT de fi ciency in the gen-
eral population has been reported to be 0.02–
0.18%. 48  ,  75  ,  77  The small prevalence makes it 
dif fi cult to assemble a large enough sample size 
to demonstrate any association with RVO. 
Although case reports of CRVO in patients with 
AT de fi ciency exist, a genetic association with 
RVO has not been demonstrated. In a meta-anal-
ysis of eight studies with 357 total patients look-
ing for an association of AT de fi ciency and 
CRVO, seven studies found no association and 
one study without a control group suggested an 
association. 77  Similarly, of six studies with 390 
pooled RVOs, no association was found in  fi ve of 
the studies, although an association was found in 
one study that lacked a control group. The con-
sensus is that screening for AT de fi ciency in RVO 
is unnecessary. 77   

    3.4.11   Glucose-6-Phosphate 
Dehydrogenase De fi ciency 

 Glucose-6-phosphate dehydrogenase (G6PD) is 
an enzyme found in the cytoplasm that regulates 
production of nicotinamide adenosine dinucle-
otide phosphate (NADPH), therefore protecting 
the cell against oxidative damage   . The gene for 
G6PD is found on the X chromosome, and 300 
mutations are known. G6PD de fi ciency is protec-
tive against malaria infection, and geographical 
prevalence of G6PD mutations and G6PD 
de fi ciency correlates with historical areas of 
endemic malaria infection. Because it was found 
that G6PD de fi ciency protects against ischemic 
heart disease and stroke, its relationship with 
RVO was investigated in a case-control study 
from Sardinia where G6PD de fi ciency is found in 
10–15% of the population. 64  G6PD levels were 
determined in 448 patients with RVO and 896 
age and gender-matched controls, with selective 

G6PD genotyping done in nine RVO cases and 
19 controls having G6PD de fi ciency. G6PD 
de fi ciency was found in 4.7% of RVO patients 
and 11.9% of controls ( P  < 0.005). 64  The G6PD 
gene Mediterranean mutation was found in 67.9% 
of those genotyped. 64  Routine screening of 
patients with RVO for G6PD de fi ciency is not 
recommended.  

    3.4.12   Other Negative Genetic 
Association Studies 

 A number of genetic mutations suspected of a 
relationship to RVO and studied by multiple 
independent investigators have been reviewed in 
previous sections. In no case has the conclusion 
been reached that an association exists, nor that 
screening should be pursued routinely. Many 
other gene polymorphisms have been investi-
gated for association with retinal vein occlusions 
and have also been found not associated, but 
these have lacked independent, con fi rmatory 
studies, unlike the mutations reviewed previ-
ously. Before accepting a negative result as valid, 
the reader is cautioned to consider the power of 
the study to detect an association. That depends 
on the size of the study and the magnitude of any 
purported association. 54  

 The following gene polymorphisms were 
investigated in a study of 398 Austrian Caucasian 
patients with BRVO, 315 patients with CRVO, 
and 355 hospital-based control subjects without 
RVO: interleukin (IL) 1 b  −511C>T, interleukin 1 
receptor antagonist (IL1RN) 1018T > C, interleu-
kin 4 (IL4) −584C > T, interleukin 6 (IL6) 
−174G > C, interleukin 10 (IL10) −592C > A, 
interleukin 18 (IL18) 183A > G, tumor necrosis 
factor (TNF)- a  −308G > A, monocyte chemoat-
tractant protein (MCP)-1/CCL2 −2518A > G, 
interleukin 8 (IL*) −251A > T, and RANTES 
(CCL5) −403G > A   . 54  ,  74  None of these mutations 
was found to be associated with BRVO or CRVO. 
In the BRVO study, the statistical power to detect 
an OR greater than or equal to 1.55 was 0.80 or 
greater for each of the polymorphisms listed. 74    
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    3.5   Summary of Key Points    

    Certain genetic mutations predispose individ-• 
uals to systemic venous thrombosis, and there 
are cases in which thrombophilia and RVO are 
linked. However, on average across popula-
tions, there is insuf fi cient evidence linking 
RVO to thrombophilia to indicate the need for 
routine screening.  
  Although there is no genetic mutation for • 
which screening is indicated routinely in 
patients with any type of RVO, searches for 
genetic mutations are reasonable in particular 
cases, such as recurrent thromboses, a family 
history of thrombosis, previous history of 
spontaneous abortion, bilateral RVO, or very 
young age.  
  Even with exhaustive screening, many patients • 
without vascular risk factors who develop 
RVO do not have a known underlying throm-
bophilic mutation, suggesting that prothrom-
botic polymorphisms remain undiscovered.  
  Thrombophilia may work to increase the risk • 
of RVO in concert with exogenous factors 
such as oral contraceptive use, trauma, preg-
nancy, or dehydration. Education of patients 
with thrombophilia to consider avoiding these 
factors to reduce the risk of RVO is 
worthwhile.         

   References       

    1.    Abu El-Asrar AM, Gader AGMA, Al-Amro S, 
Al-Momen AK. Hypercoagulable states in patients 
with retinal venous occlusion. Doc Ophthalmol. 
1998;95:133–43.  

    2.    Adamczuk YP, Iglesias Varela ML, Martinuzzo ME, 
Cerrato GS, Forastiero RR. Central retinal vein occlu-
sion and thrombophilia risk factors. Blood Coagul 
Fibrinolysis. 2002;13:623–6.  

    3.    Arsene S, Delahousse B, Regina S, et al. Increased 
prevalence of factor V Leiden in patients with retinal 
vein occlusion and under 60 years of age. Thromb 
Haemost. 2005;74:101–6.  

    4.    Bandello F, Vigano S, Parlavecchia M, Tavola A, 
Della Valle P, Brancato R, D’Angelo A. Hyper-
coagulability and a high lipoprotein(a) levels in 

patients with central retinal vein occlusion. Thromb 
Haemost. 1994;72:39–43.  

    5.    Bertina RM, Factor V. Leiden and other coagulation 
factor mutations affecting thrombotic risk. Clin Chem. 
1997;43:1678–83.  

    6.    Biancardi AL, Gadelha T, Borges WIA, de Moraes MV, 
Spector N. Thrombophilic mutations and risk of retinal 
vein occlusion. Arq Bras Oftalmol. 2007;70:971–4.  

    7.    Boyd S, Owens D, Gin T, et al. Plasma homocysteine, 
methylene tetrahydrofolate reductase C677T and fac-
tor II G20210A polymorphisms, factor VIII, and 
VWF in central retinal vein occlusion. Br J 
Ophthalmol. 2001;85:1313–5.  

    8.    Brouwer JL, Lijfering WM, Ten Kate MK, Kluin-
Nelemans HC, Veeger NJ, van der Meer J. High long-
term absolute risk of recurrent venous 
thromboembolism in patients with hereditary 
de fi ciencies of protein S, protein C or antithrombin. 
Thromb Haemost. 2009;101:93–9.  

    9.    Cahill M, Karabatzaki M, Donoghue C. Thermolabile 
MTHFR genotype and retinal vascular occlusive dis-
ease. Br J Ophthalmol. 2001;85:88–90.  

    10.    Carlsson LE, Santoso S, Sptizer C, Kessler C, 
Greinacher A. The alpha2 gene coding sequence 
T807/A873 of the platelet collagen receptor integrin 
alpha2beta1 might be a genetic risk factor for the 
development of stroke in younger patients. Blood. 
1999;93:3583–6.  

    11.    Chak M, Wallace GR, Graham EM, Stanford MR. 
Thrombophilia: genetic polymorphisms and their 
association with retinal vascular occlusive disease. Br 
J Ophthalmol. 2001;85:883–6.  

    12.    Conneally PM. A  fi rst step toward a molecular genetic 
analysis of amyotrophic lateral sclerosis. N Engl J 
Med. 1991;324:1430–2.  

    13.    Cruciani F, Moramarco A, Curto T, Labate A, 
Recupero V, Conti L, Gandolfo GM, Balacco Gabrieli 
C. MTHFR C677T mutation, factor II G20210A 
mutation and factor V Leiden as risks factor for youth 
retinal vein occlusion. Clin Ter. 2003;154:299–303.  

    14.    Damji KF, Allingham RR. Molecular genetics is revo-
lutionizing our understanding of ophthalmic disease. 
Am J Ophthalmol. 1997;124:530–43.  

    15.    De Franchis R, Mancini FP, D’Angelo A, et al. 
Elevated total plasma homocysteine and 677C → T 
mutation of the 5, 10-methylenetetrahydrofolate 
reductase gene in thrombotic vascular disease. Am J 
Hum Genet. 1996;59:262–4.  

    16.    Della NG. Molecular biology in ophthalmology. A 
review of principles and recent advances. Arch 
Ophthalmol. 1996;114:457–63.  

    17.    Di Creccio L, Parodi MB, Sanguinetti G, Iacono P, 
Ravalico G. Hyperhomocysteinemia and the methyl-
enetetrahydrofolate reductase 677C-T mutation in 
patients under 50 years of age affected by central 
retinal vein occlusion. Ophthalmology. 2004;111:
940–5.  

    18.    Dodson PM, Haynes J, Starczynski J, Farmer J, 
Shigdar S, Fegan G, Johnson RJ, Fegan C. The platelet 



91References   

glycoprotein la/lla gene polymorphism C807T/
G873A: a novel risk factor for retinal vein occlusion. 
Eye. 2003;17:772–7.  

    19.      Dragon EA. Polymerase chain reaction. Sci Am. 
1998;278:112.  

    20.    Duic J, Gveric-Krecak V. Recurrent incomplete cen-
tral retinal vein occlusion in a patient with hereditary 
thrombophilia. Acta Med Croatica. 2006;60:171–4.  

    21.    Ferraresi P, Marchetti G, Legnani C, Cavallari E, 
Castoldi E, Mascoli F, Ardissino D, Palareti G, 
Bernardi F. The heterozygous 20210G/A prothrombin 
genotype is associated with early venous thrombosis 
in inherited thrombophilias and is not increased in fre-
quency in artery disease. Arterioscler Thromb. 1997;
17:2418–22.  

    22.    Ferrazzi P, Di Micco P, Quaglia L, et al. Homocysteine, 
MTHFR C677T gene polymorphism, folic acid and 
vitamin B 12 in patients with retinal vein occlusion. 
Thromb J. 2005;3:13.  

    23.    Fingert JH. Primary open-angle glaucoma genes. Eye. 
2011;25:587–95.  

    24.    Freeman WR, Wiley CA. In situ nucleic acid hybrid-
ization. Surv Ophthalmol. 1989;34:187–92.  

    25.    Gadelha T, Biancardi AL, Forster M, Spector N. 
807C/T polymorphism in platelet glycoprotein Ia gene 
is not associated with retinal vein occlusion. Graefes 
Arch Clin Exp Ophthalmol. 2007;245:1739–40.  

    26.    Gallie BL. Unexploited potential of molecular tech-
nology to unravel the pathogenesis of ocular diseases. 
Ophthalmology. 1988;95:1485–6.  

    27.    Gao W, Wang YS, Zhang P, Wang HY. MTHFR 
C677T mutation in central retinal vein occlusion: a 
case-control study in Chinese population. Thromb 
Res. 2008;121:699–703.  

    28.    Glacet-Bernard A, Chabanel A, Coscas G, Lelong F, 
Samama M. Increase of erythrocyte aggregation in reti-
nal vein occlusion. J Fr Ophtalmol. 1990; 13:500–5.  

    29.    Glueck CJ, Bell H, Vadlamani L, Gupta A, Fontaine 
RN, Wang P, Stroop D, Gruppo R. Heritable thrombo-
philia and hypo fi brinolysis, possible causes of retinal 
vein occlusion. Arch Ophthalmol. 1999;117:43–9.  

    30.    Glueck CJ, Wang P, Bell H, Rangaraj V, Goldenberg 
N. Associations of thrombophilia, hypo fi brinolysis, 
and retinal vein occlusion. Clin Appl Thromb Hemost. 
2005;11:375–89.  

    31.    Gottlieb JL, Blice JP, Mestichelli B, Konkle BA, 
Benson WE. Activated protein C resistance, factor V 
Leiden, and central retinal vein occlusion in young 
adults. Arch Ophthalmol. 1998;116:577–9.  

    32.    Greiner K, Hafner G, Dick B, Peetz D, Prellwitz W, 
Pfeiffer N. Retinal vascular occlusion and de fi ciencies 
in the protein C pathway. Am J Ophthalmol. 1999;
128:69–74.  

    33.    Greiner K, Peetz D, Winkgen A, Prellwitz W, Pfeiffer N, 
Hafner G. Genetic thrombophilia in patients with reti-
nal vascular occlusion. Int Ophthalmol. 2001;23:
155–60.  

    34.    Greven CM, Wall AB. Peripheral retinal neovascular-
ization and retinal vascular occlusion associated with 

activated protein C resistance. Am J Ophthalmol. 
1997;124:687–9.  

    35.    Hayreh SS, Zimmerman MB, Podhajsky P. 
Hematologic abnormalities associated with various 
types of retinal vein occlusion. Graefes Arch Clin Exp 
Ophthalmol. 2002;240:180–96.  

    36.      Human Genome Project. 2008. How many genes are 
in the human genome?   http://www.ornl.gov/sci/
techresources/Human_Genome/faq/genenumber.
shtml    . Accessed on April 28th, 2012.  

    37.    Hvarfner C, Hillarp A, Larsson J. In fl uence of factor 
V Leiden on the development of neovascularization 
secondary to central retinal vein occlusion. Br J 
Ophthalmol. 2003;87:305–6.  

    38.    Incorvaia C, Lamberti G, Parmeggiani F, Ferraresi P, 
Calzolari E, Bernardi F, Sebastiani A. Idiopathic cen-
tral retinal vein occlusion in a thrombophilic patient 
with the heterozygous 20210G/A prothrombin geno-
type. Am J Ophthalmol. 1999;128:247–8.  

    39.    Incorvaia C, Parmeggiani F, Costagliola C, Lamberti G, 
Ferraresi P, Bernardi F, Sebastiani A. The heterozy-
gous 20210G/A genotype prevalence in patients 
affected by central and branch retinal vein occlusion: 
a pilot study. Graefes Arch Clin Exp Ophthalmol. 
2001;239:251–6.  

    40.    Iyengar SK. The quest for genes causing complex 
traits in ocular medicine. Successes, interpretations, 
and challenges. Arch Ophthalmol. 2007;125:11–8.  

    41.    Kadayifçilar S, Ozatli D, Ozcebe OI, Sener EC. Is 
activated factor VII associated with retinal vein occlu-
sion? Br J Ophthalmol. 2001;85:1174–8.  

    42.    Kalayci D, Gurgey A, Guven D, Parlak H, Hasiripi H. 
Factor V Leiden and prothrombin 20210A mutations 
in patients with central and branch retinal vein occlu-
sions. Acta Ophthalmol Scand. 1999;77:622–4.  

    43.    Klintworth GK. Advances in the molecular genetics 
of corneal dystrophies. Am J Ophthalmol. 1999;128:
747–54.  

    44.    Kuhli C, Hattenbach LO, Scharrer I, Koch F, Ohrloff C. 
High prevalence of resistance to APC in young 
patients with retinal vein occlusion. Graefes Arch 
Clin Exp Ophthalmol. 2002;240:163–8.  

    45.    Kuhli C, Scharrer I, Koch F, Ohrloff C, Hattenbach LO. 
Factor XII de fi ciency: a thrombophilic risk factor for 
retinal vein occlusion. Am J Ophthalmol. 
2004;137:459–64.  

    46.    Kunicki TJ, Orchekowski R, Annis D, Honda Y. 
Variability of integrin alpha2 beta1 activity on human 
platelets. Blood. 1993;82:2693–703.  

    47.    Lahey JM, Tunc M, Kearney J, Modlinski B, Koo H, 
Johnson RJ, Tanaka S. Laboratory evaluation of 
hypercoagulable states in patients with central retinal 
vein occlusion who are less than 56 years of age. 
Ophthalmology. 2002;109:126–31.  

    48.    Lane DA, Kunz G, Olds RJ, Thein SL. Molecular 
genetics of antithrombin de fi ciency. Blood Rev. 
1996;10:59–74.  

    49.    Larsson J, Hillarp A, Olafsdottir E, Bauer B. Activated 
protein C resistance and anticoagulant proteins in 

http://www.ornl.gov/sci/techresources/Human_Genome/faq/genenumber.shtml
http://www.ornl.gov/sci/techresources/Human_Genome/faq/genenumber.shtml
http://www.ornl.gov/sci/techresources/Human_Genome/faq/genenumber.shtml


92 3 Genetics of Retinal Vein Occlusions

young adults with central retinal vein occlusion. Acta 
Ophthalmol Scand. 1999;77:634–7.  

    50.    Larsson J, Hultberg B, Hillarp A. Hyperho-
mocysteinemia and the MTHFRC677T mutation in 
central retinal vein occlusion. Acta Ophthalmol 
Scand. 2000;78:340–3.  

    51.    Larsson J, Olafsdottir E, Bauer B. Activated protein C 
resistance in young adults with central retinal vein 
occlusion. Br J Ophthalmol. 1996;80:200–2.  

    52.    Loewenstein A, Goldstein M, Winder A, Lazar M, 
Eldor A. Retinal vein occlusion associated with meth-
ylenetetrahydrofolate reductase mutation. Ophthal-
mology. 1999;106:1817–20.  

    53.    Ma AD, Abrams CS. Activated protein C resistance, 
factor V Leiden and retinal vein occlusion. J Retin 
Vitreous Dis. 1998;18:297–300.  

    54.    Maier R, Steinbrugger I, Haas A, et al. Role of 
in fl ammation-related gene polymorphisms in patients 
with central retinal vein occlusions. Ophthalmology. 
2011;118(6):1125–9. Epub 2011 Jan 26.  

    55.    Marcucci R, Bertini L, Giusti B, Brunelli T, Fedi S, 
Cellai AP, Poli D, Pepe G, Abbate R, Prisco D. 
Thrombophilic risk factors in patients with central 
retinal vein occlusion. Thromb Haemost. 2002;87:
1078–9.  

    56.    Marcucci R, Giusti B, Betti I, Evangelisti L, Fedi S, 
Sodi A, Cappelli S, Menchini U, Abbate R, Prisco D. 
Genetic determinants of fasting and post-methionine 
hyperhomocysteinemia in patients with retinal vein 
occlusion. Thromb Res. 2003;110:7–12.  

    57.    McGimpsey SJ, Woodside JV, Bamford L, et al. 
Retinal vein occlusion, homocysteine, and methylene 
tetrahydrofolate reductase genotype. Invest 
Ophthalmol Vis Sci. 2005;46:4712–6.  

    58.    McGimpsey SJ, Woodside JV, Cardwell C, Cahill M, 
Chakravarthy U. Homocysteine, methylenetetrahy-
drofolate reduces C677T polymorphisms, and risk of 
retinal vein occlusion: a meta-analysis. Ophthalmology. 
2009;116:1778–87.  

    59.    Mintz-Hittner HA, Knight-Nanan DM, Satriano DR, 
Kretzer FL. A small foveal avascular zone may be an 
historic mark of prematurity. Ophthalmology. 1999;106:
1409–13.  

    60.    Mullen LM, Small KW. Molecular genetic techniques 
and applications in ophthalmology. Semin Ophthalmol. 
1995;10:268–78.  

    61.    Musarella MA. Gene mapping of ocular diseases. 
Surv Ophthalmol. 1992;36:285–312.  

    62.    Parodi MB, Di Crecchio L. Hyperhomocysteinemia in 
central retinal vein occlusion in young adults. Semin 
Ophthalmol. 2003;18:154–9.  

    63.    Peris-Marintez C, Diaz-Llopis M, Menezo JL. 
Idiopathic central retinal vein occlusion in 2 siblings 
with the 20210G/ a prothrombin variant. Arch 
Ophthalmol. 2002;120:1752–4.  

    64.    Pinna A, Carru C, Solinas G, Zinellu A, Carta F. 
Glucose-6-phosphate dehydrogenase de fi ciency in 
retinal vein occlusion. Invest Ophthalmol Vis Sci. 
2007;48:2747–52.  

    65.    Rees DC, Cox M, Clegg JB. World distribution of fac-
tor V Leiden. Lancet. 1995;346:1133–4.  

    66.    Rehak M, Krcova V, Slavik L, Fric E, Langova K, 
Ulehlova J, Rehak J. The role of thrombophilia in 
patients with retinal vein occlusion and no systemic 
risk factors. Can J Ophthalmol. 2010;45:171–5.  

    67.    Rehak M, Rehak J, Muller M, et al. The prevalence of 
activated protein C (APC) resistance and factor V 
Leiden is signi fi cantly higher in patients with retinal 
vein occlusion without general risk factors. Case-
control study and meta-analysis. Thromb Haemost. 
2008;99:925–9.  

    68.    Ring CP, Pearson TC, Sanders MD, et al. Viscosity 
and retinal vein thrombosis. Br J Ophthalmol. 1976;
60:397–410.  

    69.    Ririe DG, Cosgriff TM, Martin B. Central retinal vein 
occlusion in a patient with familial antithrombin III 
de fi ciency: case report. Ann Ophthalmol. 1979;11:
1841–5.  

    70.    Salomon O, Moisseiev J, Rosenberg N. Analysis of 
genetic polymorphisms related to thrombosis and 
other risk factors in patients with retinal vein occlu-
sion. Blood Coagul Fibrinolysis. 1998;9:617–22.  

    71.    Salomon O, Moisseiev J, Vilganski T, Dardik R, Kurtz S, 
Shpringer E, Steinberg DM, Rosenberg N. Role of 
 fi ve platelet membrane glycoprotein polymorphisms 
in branch retinal vein occlusion. Blood Coagul 
Fibrinolysis. 2006;17:485–8.  

    72.    Sottilotta G, SIboni SM, Latella C, Oriana V, Romeo E, 
Santoro R, Consonni D, Trapani Lombardo V. 
Hyperhomocysteinemia and C677T MTHFR geno-
type in patients with retinal vein thrombosis. Clin 
Appl Thromb Hemost. 2010;16:549–53.  

    73.    Sperduto RD, Hiller R, Chew E, Seigel D, et al. Risk 
factors for hemiretinal vein occlusion: comparison 
with risk factors for central and branch retinal vein 
occlusion: the Eye Disease Case-Control Study. 
Ophthalmology. 1998;105:765–71.  

    74.    Steinbrugger I, Haas A, Maier R, Renner W, Mayer M, 
Werner C, Wedrich A, El Shabrawi Y, Schmut O, 
Weger M. Analysis of in fl ammation-and atherosclero-
sis-related gene polymorphisms in branch retinal vein 
occlusion. Mol Vis. 2009;15:609–18.  

    75.    Tekeli O, Gursel E, Buyurgan H. Protein C, protein S 
and antithrombin III de fi ciencies in retinal vein occlu-
sion. Acta Ophthalmol Scand. 1999;77:628–30.  

    76.    The Eye Disease Case-Control Study Group. Risk 
factors for central retinal vein occlusion. Arch 
Ophthalmol. 1996;114:545–54.  

    77.    Tourville E, Schachat AP. Plasma proteins-possible 
risk factors for retinal vascular occlusive disease. 
In: Retinal vascular disease. Berlin: Springer; 2007. 
p. 424–42.  

    78.    Trope GE, Lowe GD, McArdle BM, et al. Abnormal 
blood viscosity and haemostasis in long-standing reti-
nal vein occlusion. Br J Ophthalmol. 1983;67:
137–42.  

    79.    Venter JC, Adams MD, Myers EW, et al. The sequence 
of the human genome. Science. 2001;291:1304–51.  



93References   

    80.    Vine AK, Samama MM. The role of abnormalities in 
the anticoagulant and  fi brinolytic systems in retinal 
vascular occlusions. Surv Ophthalmol. 1993;37:
283–92.  

    81.    Vine AK, Samama MM. Screening for resistance to 
activated protein C and the mutant gene for Factor V: 
Q506 in patients with central retinal vein occlusion. 
Am J Ophthalmol. 1997;124:673–6.  

    82.    Vossen CY, Naud S, Bovill EG, Weissgold DJ. Normal 
retinal vasculature despite familial protein C 
de fi ciency. Am J Ophthalmol. 2005;139:944–5.  

    83.    Weger M, Stanger O, Deutschmann H. Hyperho-
mocysteinemia and MTHFR C677T genotypes in 
central retinal vein occlusion. Graefes Arch Clin Exp 
Ophthalmol. 2002;240:286–90.  

    84.    Weger M, Renner W, Steinbrugger I, Cichocki L, 
Temmel W, Stanger O, El Shabrawi Y, Lechner H, 
Schmut O, Haas A. Role of thrombophilic gene poly-
morphisms in branch retinal vein occlusion. 
Ophthalmology. 2005;112:1910–5.  

    85.    Weger M, Stanger O, Deutschmann H, Temmel W, 
Renner W, Schmut O, Quehenberger F, Semmelrock J, 
Haas A. Hyperhomocyst(e)inemia, but not methyle-
netetrahydrofolate reductase C677T mutation, as a 
risk factor in branch retinal vein occlusion. 
Ophthalmology. 2002;109:1105–9.  

    86.    Williamson T, Rumley A, Lowe GDO. Blood viscos-
ity, coagulation, and activated protein C resistance in 
central retinal vein occlusion: a population controlled 
study. Br J Ophthalmol. 1996;80:203–8.  

    87.    Wiwanitkit V. Angiotensin-converting enzyme gene 
polymorphism is correlated to diabetic retinopathy: a 
meta-analysis. J Diabetes Complications. 2008;22:
144–6.  

    88.    Yanamandra K, Thurmon TF, Bocchini JA, Kooragayala 
LM. Letters to the Editor – Hyperhomocysteinemia and 
BRVO. Ophthalmology. 2003;110:2069; author reply 
2069.     



95D.J. Browning, Retinal Vein Occlusions, DOI 10.1007/978-1-4614-3439-9_4, 
© Springer Science+Business Media New York 2012

    4.1   Nosology of Retinal Vein 
Occlusions 

 Retinal vein occlusions (RVOs) are separated into 
three types – branch, central, and hemicentral. 
The assumption is that the different sites of venous 
occlusion have different susceptibilities to throm-
bosis based on anatomic and local factors. 5  
Although a three-part classi fi cation is precise, in 
many studies, RVOs are pooled because it is 
dif fi cult to collect large numbers of cases without 
pooling. Unfortunately, methods of pooling vary 
across studies. Many studies pool hemicentral 
RVO (HCRVO) and BRVO. 9  ,  16  ,  32  ,  42  Probably more 
pool HCRVO and CRVO, on the evidence that 
these two entities are pathogenetically simi-
lar. 1  ,  15  ,  23  ,  24  ,  38  Additional support for the practice is 
the observation that there are no important differ-
ences in the prevalence of associated systemic and 
ocular conditions between CRVO and HCRVO 
(see Chap.   6    ). 1  ,  24  In contrast, clear differences 
exist in the prevalence of predisposing conditions 
between BRVO and either CRVO or HCRVO. 1  
For example, prevalences of an elevated erythro-
cyte sedimentation rate, intraocular pressure 
(IOP), and positive puri fi ed protein derivative skin 
testing were statistically signi fi cantly higher in 
CRVO than BRVO, whereas hypertension and 
hyperopia were more prevalent in BRVO than 
CRVO. 1  Moreover, many CRVOs evolve into a 
clinical picture of HCRVO and vice versa, but 
BRVOs never evolve into a clinical picture of 
CRVO or HCRVO. 15  Only a few studies pool 

 certain HCRVOs (the ones where the occlusion can 
be identi fi ed at the optic cup) with certain BRVOs 
(the ones where the occlusion can be identi fi ed at 
the optic cup), and other HCRVOs (the ones with 
occlusion within the optic nerve) with CRVOs. 5  
Although pooling of CRVO and HCRVO has a 
stronger rationale, there is no trend in time that 
pooling of BRVO and CRVO is decreasing. 
Moreover, dif fi culties determining where the occlu-
sion is in HCRVO means that at a practical level, 
misclassi fi cation of HCRVO is common. 45  

 Commonly used abbreviations in this chapter 
are collected in Table  4.1  for reference. In addition, 
each abbreviation will be introduced with its spelled-
out term at the  fi rst use of the term in the chapter.  

 Methods of pooling in studies may justi fi ably 
differ depending on the goals of the research. If 
the goal is to learn about the consequences of 
venous occlusion, then pooling BRVO with 
HCRVO has a rationale. 42  If the goal is to discover 
predisposing anatomical risk factors, then pooling 
HCRVO and CRVO has a rationale. 21  The author’s 
preference is that each type of occlusion be con-
sidered individually, but because so many reports 
pool subtypes of RVO, it is not feasible to over-
look the practice in a textbook covering the sub-
ject. The approach we will take is to identify when 
pooling occurs so that appropriate reservation by 
the reader can be applied to the results reported. 

 Historically, classi fi cations of RVO have been 
based on etiology, arterial characteristics, location 
of the occlusion, degree of ischemia, presence/
absence of macular or optic disc edema, and pres-
ence/absence of neovascularization (Table  4.2 ). 36   

    Chapter  4 
   Classi fi cation of Retinal Vein Occlusion       
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 Hayreh has argued that subcategorizing RVOs 
as ischemic or nonischemic is critical because of 
differences in risks for neovascular sequelae and 
visual outcomes. 26  Others have contended that 
dichotomous classi fi cation of ischemia is sim-
plistic. If one considers that ischemia is a 

 continuously graded characteristic, assessed by 
the titer of VEGF that ensues, and that so-called 
nonischemic CRVOs with macular edema 
improve when the intraocular VEGF is blocked, 
then it is sensible to classify CRVOs with regard 
to ischemia along a continuous scale. 33  ,  44  An 
index has been proposed that implemented this 
idea using  fl uorescein angiography (FA). 34  The 
ischemic index was de fi ned as (area of nonper-
fused retina/area of retina involved with hemor-
rhages) X 100%. 34  Along the continuous scale, an 
ordinal scale was developed for grouping cases: 
nonischemic 0–10%, indeterminate 11–50%, and 
ischemic 51–100%. 34  The execution of the idea 
was problematic, because capturing the periph-
eral retina was variable due to differences in 
pupillary dilation, severity of intraretinal hemor-
rhage, cataract, photographer skill, and patient 
cooperation. Although these concepts were devel-
oped in the context of CRVO, the same principle 
applies to HCRVO and BRVO. 

   Table 4.1    Abbreviations used in classi fi cation of retinal 
vein occlusion   

 Abbreviation  Term 

 BRVO  Branch retinal vein occlusion 
 CRVO  Central retinal vein occlusion 
 CVOS  Central Vein Occlusion Study 
 DA  Disc area 
 ERG  Electroretinography    
 FA  Fluorescein angiography 
 HCRVO  Hemicentral retinal vein occlusion 
 IOP  Intraocular pressure 
 MCBRVO  Macular branch retinal vein occlusion 
 MJBRVO  Major branch retinal vein occlusion 
 OCT  Optical coherence tomography 
 RVO  Retinal vein occlusion 

   Table 4.2    Classi fi cations of retinal vein occlusions   

 Classifying variable  Subgroupings  References 

 Etiology  1. Compression   36  
 2. Primary thrombosis 
 3. Primary venous disease 

 Arterial status  1. Normal arteries, normal capillary permeability   2  
 2. Normal arteries, hyperpermeable capillaries 
 3. Arterial disease with capillary nonperfusion 

 Occlusion location  1. Occlusion at disc margin   5  ,  29  ,  36  ,  37  
  (a) Major BRVO 
  (b) Hemicentral RVO (papillary RVO) 
 2. Occlusion away from disc margin 
 3. Macular BRVO 
 4. Peripheral BRVO at an arteriovenous crossing 
 5. Peripheral BRVO not at an arteriovenous crossing (no site BRVO) 
 6. Proximal versus distal 
  (a) Proximal = CRVO, HCRVO, and BRVO with occlusion at the disc 
  (b) Distal = BRVO with occlusion not at disc 
 7. Occlusion within the optic nerve 
  (a) CRVO 
  (b) HCRVO 

 Macular edema  Present or absent   27  ,  36  
 Neovascularization  1. Disc   27  ,  36  

 2. Elsewhere 
 Ischemia  1. Nonischemic   21  ,  27  ,  47  

 2. Indeterminate 
 3. Ischemic 

   BRVO  branch retinal vein occlusion,  RVO  retinal vein occlusion,  CRVO  central retinal vein occlusion,  HCRVO  hemi-
central retinal vein occlusion  
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 Many studies use the terms nonischemic and 
ischemic but fail to de fi ne what is meant. 8  ,  12  ,  35  ,  40  ,  50  ,  51  
Others de fi ne the terms but use different 
de fi nitions. 11  ,  14  ,  17  ,  19  ,  27  ,  31  ,  39  ,  47  ,  52  ,  53  This makes it 
dif fi cult to compare results across studies. 

 To add to the complexity, ischemia can vary 
within different regions of the retina in a single 
patient (Fig.  4.1 ). With candor and accuracy, 
Binder and colleagues wrote, “The de fi nitions for 
ischemic versus non-ischemic CRVO differ 
wildly in the literature,” and the same applies to 
BRVO and HCRVO. 7   

 Beaumont and Kang have argued that site of 
occlusion is an important variable for categoriza-

tion. 5  They developed a classi fi cation for RVOs 
that emphasizes local effects on the vein wall 
(Fig.  4.2 ). They contend that their classi fi cation 
more cleanly separates the RVOs by etiology and 
provides a more logical framework for analyzing 
risk factors. 5  In their schema, the categories are 
arteriovenous crossing RVO, optic cup RVO, and 
optic nerve RVO. Arteriovenous crossing RVO 
would be called peripheral BRVO by many clini-
cians. The category optic cup RVO is a novel cat-
egory that would correspond to a pooling of the 
more traditional categories of major BRVO and 
HCRVO in which the occlusion occurs at the cup. 
Optic nerve RVO is a novel category that would 
correspond to a pooling CRVO and HCRVO in 
which the occlusion occurs in the nerve. Optic 
nerve RVOs were further subdivided into a cate-
gory without optic nerve head edema and another 
with optic nerve edema.      

    4.2   Branch Retinal Vein Occlusion 

 BRVO is classi fi ed into major and macular types. 
Major BRVO (MJBRVO) involves a  fi rst-, 
 second-, or third-order vein in which the macular 
involvement is not the greatest fraction of the 
involved retina (Fig.  4.3 ). Macular BRVO 
(MCBRVO) denotes an occlusion of a small vein 
draining a sector of the macula; the retina outside 
the posterior pole is not involved (Fig.  4.4 ). 26  ,  37  
MCBRVO comprises 17–29% of cases of 
BRVO. 26  ,  30  The reproducibility of this classi fi cation 
has not been examined.   

 MJBRVO is further subclassi fi ed into nonis-
chemic versus ischemic. 43  Although the degree of 

  Fig. 4.1    A 74-year-old patient with an unambiguous, 
severely ischemic superior HCRVO and a simultaneous 
less ischemic inferior HCRVO. The  yellow arrow  denotes 
an arteriovenous shunt vessel that does not supply inter-
vening capillaries that are closed. The  red arrow  denotes 
an analogous vessel that connects a superior arteriole with 
an inferior venule, an early manifestation of an intraretinal 
collateral vessel that shunts venous drainage to the less 
severely obstructed inferior venous system       

  A Modern    Framing of Classi fi cation by Ischemia 

 Although the ischemic index was not practical due to the limitations of FA, the idea of continu-
ous grading of ischemia was forward-thinking. As it becomes more common to measure intraoc-
ular titers of VEGF, it may be practical eventually to sample routinely in clinical practice the 
aqueous or vitreous in a case of RVO, measure the level of VEGF, and have an objective index 
of ischemia on a continuous scale that is not beclouded by the subjectivity of  fl uorescein angio-
gram interpretation and the pitfalls of photography. 
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No site retinal
vein occlusion

Arteriovenous crossing
retinal vein occlusion

Optic cup retinal
vein occlusion

Optic nerve retinal
vein occlusion

  Fig. 4.2    Classi fi cation of retinal vein occlusions based on site of occlusion (Adapted from Beaumont and Kang 5  )        
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  Fig. 4.3    A 74-year-old man with primary open-angle 
glaucoma and a retinal vein occlusion. This case could be 
classi fi ed as a major BRVO using Hayreh’s system 26  or 
could be classi fi ed as an optic cup-sited RVO using the 
system of Beaumont and Kang. 5  Optic cup-sited RVOs had 
the strongest association with primary open-angle glau-
coma of any type of RVO. 5  ,  6  ( a ) Monochromatic fundus 
photograph showing a sector of intraretinal hemorrhages 
in the superotemporal quadrant. ( b ) Magni fi ed monochro-
matic photograph of the optic disc. Glaucomatous cupping 
is present, as is a peripapillary zone of retinal pigment epi-
thelial atrophy. The site of the vein occlusion is not at the 
arteriovenous crossing ( green arrow ). Instead, the site of 
the occlusion is at the rim of the optic cup ( red arrow ) as 
manifested by the venous dilation proximal to the arterio-

venous crossing but colocalized with the rim of the optic 
disc cup. ( c ) By a  fl uorescein angiographic classi fi cation 
system, this branch vein occlusion is nonischemic. This 
frame from the mid-phase  fl uorescein angiogram shows 
that the perifoveal capillary border is intact and that capil-
lary perfusion is present throughout the area of distribution 
of the retinal hemorrhages. It is, therefore, a nonischemic 
MJBRVO. ( d ) Frame from the late-phase  fl uorescein 
angiogram shows that the retinal vessels in the superotem-
poral macula leak  fl uorescein. ( e ) Optical coherence 
tomography from 10/29/2010 shows cystoid macular 
edema. The best corrected visual acuity was 20/50. The 
patient elected no treatment. The patient returned on 
2/1/2011 with visual acuity reduced to 20/70 and with 
worsening of the macular edema on OCT       

  Fig. 4.4    An 81-year-old woman was seen with sudden 
onset of blurred vision of the left eye. The visual acuity of 
the left eye was 20/70. A macular BRVO with macular 
edema was present. ( a ) A color fundus photograph at the 
time of initial presentation shows a sector of intraretinal 
hemorrhage inferonasal to the fovea and involving three 
clock hours of the foveal avascular zone border. ( b ) A 
frame from the late  fl uorescein angiogram taken several 

weeks later shows hypo fl uorescence corresponding to the 
intraretinal hemorrhage and some leakage of  fl uorescein 
obscured by the blood. ( c ) An OCT false-color map shows 
edema centered nasal to the fovea. ( d ) An OCT horizontal 
line scan shows super fi cial intraretinal blood ( yellow 
arrow ) that blocks visualization of the RPE and Bruch’s 
membrane complex ( turquoise arrow )       
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ischemia is a continuous variable, for purposes of 
classi fi cation, a cutpoint of 5 disc areas of 
 capillary nonperfusion is frequently chosen to 
de fi ne ischemic from nonischemic. 4  This cutpoint 
arose because of the report that retinal and disc 
neovascularization were not observed in an eye 
following BRVO unless  ³ 5 disc areas of capillary 
nonperfusion was present. 45  Another de fi nition of 
an ischemic BRVO is that it manifests a broken 
perifoveal capillary ring at the border of the 
foveal avascular zone and that there be any area 
of capillary nonperfusion, with no lower limit in 
area, within 1 DD of the center of the macula. 10  
De fi nitions vary from study to study and make 

comparisons across studies employing different 
de fi nitions dif fi cult. 13   

    4.3   Central Retinal Vein Occlusion 

 CRVO is most commonly subclassi fi ed as nonis-
chemic or ischemic. 26  Synonyms for nonischemic 
CRVO include partial CRVO, incomplete CRVO, 
perfused CRVO, and venous stasis retinopathy. 
Synonyms for ischemic CRVO include complete 
CRVO, total CRVO, nonperfused CRVO, and 
hemorrhagic CRVO. 3  ,  18  ,  38  

a b

c d e

  Fig. 4.5    Images typical of a nonischemic central retinal 
vein occlusion. The patient was a 78-year-old man with 
hypertension who complained of acute onset of right eye 
blurring. Visual acuity of the right eye was 20/25. ( a ) 
Monochromatic photograph of the fundus shows dilated 
retinal veins, intraretinal hemorrhages, and absence of 
cotton wool spots. The disc is edematous ( orange arrow ). 
( b ) Frame from the mid-phase  fl uorescein angiogram 
shows good capillary perfusion. Capillary perfusion is 

excellent throughout this single frame. ( c ) Scanning laser 
ophthalmoscopic image of the right fundus showing the 
horizontal orientation of the spectral domain optical 
coherence tomography ( SD - OCT )  line  scan in ( d ). ( d ) 
SD-OCT image shows a foveal cyst ( green arrow ). ( e ) 
Magni fi ed image of the  fl uorescein angiogram frame in 
( b ) showing an intact perifoveal capillary border ( yellow 
arrow )       
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 Classi fi cation into ischemic or nonischemic 
CRVO is not standardized. The most accurate, 
but most complicated, system of classi fi cation 
involves synthesizing data from six examination 
modalities – visual acuity, Goldmann visual  fi eld 
testing, pupillary testing for a relative afferent 
pupillary defect, electroretinography (ERG), 
ophthalmoscopy, and fundus FA. 25  ,  26  The quality 
of the information gained is excellent; however, 
few ophthalmologists in clinical practice use the 
system because it is based on rarely available 
ERG, labor-intensive quantitation of the relative 
afferent pupillary defect (RAPD), and unreim-
bursed Goldmann perimetry. It is an unpractical 
standard. 

 Many other de fi nitions of ischemia for CRVOs 
exist. When the ERG is used as part of the 
de fi nition, there are many subde fi nitions used to 
categorize CRVOs as nonischemic or ischemic 
(see Chap.   9    ). 28  Other de fi nitions do not involve 

the ERG, but add clinical course. 38  Others exclude 
the ERG and visual  fi eld, but include other 
modalities. 41  Other studies classify CRVO as 
ischemic or nonischemic based on the  fl uorescein 
angiogram alone with various cutpoints chosen 
to distinguish ischemic from nonischemic cases 
(Fig.  4.5 ). 27  ,  28  ,  46  ,  49  Because of the nonstandardized 
terminology, it is not possible to compare state-
ments made about effects of ischemia across 
studies with con fi dence. At best, broad trends can 
be identi fi ed.  

 In some cases, there is too much hemorrhage 
to be able to assess the area of capillary nonper-
fusion and apply any de fi nition of ischemia. The 
CVOS showed that this clinical picture is tanta-
mount to ischemia, because 83% of such eyes 
either went on to develop iris and/or angle neo-
vascularization or were later shown to be isch-
emic when enough blood cleared to allow FA to 
be interpreted. 47  

  Differences in Philosophy on How Far to Pursue Classi fi cation Relative to Ischemia 

 In reading the literature on CRVO, it becomes apparent that there are two schools of thought 
regarding how much effort to put into classi fi cation of a CRVO as nonischemic or ischemic. On 
one extreme, Hayreh advocates a great expenditure of resources and effort. 21  Using 6 variables 
at the time of presentation, he is con fi dent that he can classify eyes as nonischemic or ischemic. 
He states that ocular neovascularization “is a complication of only ischemic CRVO.” Others 
expend less effort and fewer resources in the classi fi cation effort, do not worry too much if an 
eye is misclassi fi ed, and in effect simply follow all eyes with CRVO closely until the risk of 
ocular neovascularization is low. 48  
 Controversy has arisen from these philosophical differences. Hayreh has challenged the 
validity of the results of the CVOS based on the criticism that it incorrectly classi fi ed eyes 
and pooled results of nonischemic CRVO with those of ischemic CRVO, blurring differences 
in outcomes that he contends are stark when the eyes are correctly classi fi ed using more than 
just FA. 22  

  Central Retinal Vein Occlusion with Nonischemic and Ischemic Hemispheres 

 It is a little known fact that an eye may appear to have a CRVO but actually consist of two 
simultaneous hemi-CRVOs which may differ in their degree of ischemia. The following case 
report illustrates such a case (Fig.  4.6 ).  
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  Fig. 4.6    Images of an eye with what would be classi fi ed 
as an ischemic CRVO. Less obvious, however, is that this 
eye possesses two hemicentral retinal veins, both of which 
are occluded, but with different grades of occlusion. The 
superior hemicentral retinal vein has a more complete 
occlusion with a thrombus presumably more anterior 
within the optic nerve. This produces an ischemic picture 
in the superior hemiretina. The inferior hemicentral reti-
nal vein has a lesser grade of occlusion with a thrombus 
presumably re fl ecting a thrombosis more posterior within 
the optic nerve. This produces a pattern of nonischemic 
vein occlusion inferiorly. ( a ) The red free photograph 
shows different gradations of ischemic whitening. Just 
superonasal to the fovea is a zone of more opaque whiten-
ing and superotemporal to the fovea a zone of less opaque 
whitening. Scattered around the disc, but more densely 
arranged in the superior fundus, are cotton wool spots. ( b ) 
Magni fi ed red free photograph of the optic disc. The two 
 fi rst-order superior branch retinal veins join within the 
optic nerve to form the superior hemicentral retinal vein 
( yellow oval ). The inferior hemicentral retinal vein is 
denoted by the  blue arrow . ( c ) Frame from the mid-phase 
of the  fl uorescein angiogram shows that this CRVO is 
composed of two hemicentral retinal vein occlusions, the 
superior being ischemic and the inferior being nonisch-
emic. The  green arrow  denotes a large area of capillary 
nonperfusion superiorly. The  turquoise arrow  shows good 
capillary perfusion in the distribution of the inferior hemi-
central retinal vein. ( d ) Magni fi ed    view of the juncture of 
the two  fi rst-order branch veins to form the superior hemi-
central retinal vein ( purple arrow ) during the mid-phase 
of the  fl uorescein angiogram. The frame demonstrates an 

asymmetry of obstruction within the superior hemicentral 
retinal vein. The  fi rst-order superotemporal branch retinal 
vein experiences a lesser grade occlusion than the  fi rst-
order superonasal branch retinal vein as witnessed by the 
asymmetry of  fl uorescein return in the two branches. 
Some laminar venous return is present in the superotem-
poral branch ( yellow arrow ), but at this time in the angio-
gram, there is no  fl uorescein venous return in the 
superonasal branch ( orange arrow ). ( e ) Frame from the 
late    phase of the  fl uorescein angiogram shows that 
 fl uorescein leakage is much less in the zone of capillary 
nonperfusion (compare the area denoted by the  pink arrow  
to the area denoted by the  maroon arrow ). ( f ) A horizontal 
OCT line scan through the macula. ( g ) A vertical OCT 
line scan through the macula. Note that the amount of reti-
nal thickening and subretinal  fl uid does not colocalize 
with the area of  fl uorescein leakage on the  fl uorescein 
angiogram. The retina is as thick in the superior macula 
where  fl uorescein leakage is less as in the inferior macula 
where  fl uorescein leakage is greater. It is informative to 
compare the distribution of the whitening with the distri-
bution of the capillary nonperfusion in the early frame of 
the  fl uorescein angiogram ( a ). Areas of the fundus more 
remote from the disc, for example, superotemporal to the 
macula are not as whitened ( tan arrow  in  a ) as others ( red 
arrow  in  a ) but do have capillary nonperfusion on the FA 
(compare these areas in  c ). The areas more remote from 
the center of the macula have a thinner nerve  fi ber layer to 
opacify with hypoxia, which may account for the grada-
tions of whitening. Note the difference in number of 
intraretinal hemorrhages in the nonperfused zone com-
pared to the perfused zone in the inferior hemimacula ( a )       
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 Besides classi fi cations based on ischemia, some 
studies classify CRVOs by the amounts of disc 
edema, venous engorgement, peripapillary hemor-
rhage, and retinal hemorrhage. 20  These studies 
usually employ reference photographs for grading, 
but data on reproducibility are not provided. 

Because of the inherent subjectivity of these sys-
tems, it is not possible for the clinician to general-
ize the results of such studies to clinical practice. 

 The classi fi cation of HCRVO is beset by the 
same issues as for CRVO, and the previous dis-
cussion applies.       

Fig. 4.6 (continued)
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    4.3.1   Conversion from Nonischemic 
to Ischemic Forms of Retinal 
Vein Occlusion 

 Retinal vein occlusions of all types except 
MCBRVO that present in a nonischemic form may 
evolve into an ischemic form, and thus classi fi cation 
is dependent on time. The proportions that convert 
vary according to type. The rate of conversion 
depends on the de fi nition used for ischemia and 
nonischemia, the method of detection of conver-
sion, and the time after diagnosis, all of which vary 
among studies, thus the proportions published are 
rough estimates. Greater detail on this topic is 
found in the chapter on ischemia (Chap.   9    ).   

    4.4   Summary of Key Points 

    Many classi fi cations for RVO have been pro-• 
posed based on etiology, arterial status, loca-
tion of occlusion, status regarding macular 
edema or neovascularization, and ischemia.  
  The reproducibility of classi fi cations for RVO • 
has not been tested.  
  Classi fi cation of BRVO based on location of • 
occlusion is the most important.  
  Subclassi fi cation of BRVO by ischemia is • 
common. A cutpoint of 5 DA is most com-
monly chosen to categorize BRVO as nonisch-
emic or ischemic.  
  Classi fi cation of CRVO and HCRVO by isch-• 
emia is most prevalent but is beset by variabil-
ity in de fi nitions and scant evidence of 
reproducibility in practice. A cutpoint of 10 DA 
is most commonly chosen to categorize CRVO 
and HCRVO as nonischemic or ischemic.         
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    5.1   Introduction and De fi nitions 

 Epidemiology is the study of factors that deter-
mine the occurrence and distribution of disease 
in a population. Reports on the epidemiology of 
retinal vein occlusions (RVOs) generally dis-
play information in multidimensional grids. The 
dimensions can be categorized as follows:

   Outcome variables – indices of visual loss or • 
improvement  
  Rates of prevalence and incidence  • 
  Risk factors for outcomes  • 
  Types of RVO  • 
  Populations sampled  • 
  Eras of sampling    • 

 This chapter presents a broad view of these 
dimensions of the epidemiology of RVO. The 
cited references provide greater detail. 

 The outcome variables reported typically are 
presence of RVO and measures of vision loss. 
There are many other outcome variables, and 
their meanings often differ slightly among stud-
ies, but the most common ones found in the lit-
erature are de fi ned as follows:

    • Presence of RVO  – a diagnostic set of fundus 
 fi ndings indicating that the eye has RVO. 
De fi nitions vary among studies, but an example 
would be venous dilation and tortuosity with 
intraretinal hemorrhages in a wedge-shaped 
region with the apex pointing toward an arterio-
venous crossing in a study of BRVO. 55   

   • Presence of Macular Edema  – presence of 
thickening of the macula determined by stereo-
scopic fundus photography or optical coher-
ence tomography (OCT).  
   • Moderate Visual Loss  – on the Early Treatment 
Diabetic Retinopathy Study (ETDRS) visual 
acuity chart, a doubling of the visual angle, 
which means that the visual acuity has 
dropped by three lines or 15 letters; synonyms 
include visual impairment and visual angle 
doubling. 34   
   • Visual impairment  – best corrected visual 
acuity in the better seeing eye worse than 
20/40. 53   
   • Moderate Visual Impairment  – best cor-
rected visual acuity in the better seeing 
eye worse than 20/40 but better than 
20/200 60 ; studies use different cutpoints for 
the de fi nition. 27   
   • Severe Visual Impairment  – best corrected 
visual acuity in the better seeing eye of 20/200 
or worse. 60   
   • Severe Visual Loss  – on the ETDRS visual 
acuity chart, a visual acuity of less than or 
equal to 5/200 on two consecutive visits sepa-
rated by 4 months or more.  
   • Blindness  – visual acuity of 20/200 or worse. 28  
Some studies use a 20/400 threshold. 46     

 Epidemiologic studies report rates of preva-
lence, incidence, or both. These are measures of 
frequency of disease at one time, or over time, 
respectively. These terms are often confused:

    Chapter  5 
   Epidemiology of Retinal Vein Occlusions       
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    • Prevalence  – the number of cases of the disease 
divided by the population at one time, expressed 
as a percentage. 24  A prevalence study is some-
times called a cross-sectional study. 54   
   • Incidence  – the number of new cases that arise 
during a span of time divided by the popula-
tion at risk but disease-free at the beginning of 
that time. 24  The time span is speci fi ed, for 
example, 5-year incidence.    

 A table of abbreviations that will be used in 
this chapter follows (Table  5.1 ). The abbrevia-
tions will be spelled out at their  fi rst occurrence.  

 Prevalence studies are easier to perform than 
incidence studies because data are collected once 
rather than twice. However, they are not helpful 
in discovering the temporal sequence of associa-
tions and RVO. 38  Incidence studies can determine 
temporal relationships, but have the problem of 
nonparticipation in the follow-up examination, 
which potentially biases the data. 27  If an inci-
dence study collects data at widely separated 
times, the problem of spontaneous onset and res-
olution of the condition can arise, leading to 
underestimation of the true incidence. 

 Many variables have been explored as possi-
ble risk and protective factors for RVOs includ-
ing demographic, systemic, and ocular factors. 54  
For example, age is an informative demographic 
risk factor for all types of RVO. Among the sys-
temic variables, vascular risk factors are impor-
tant for all types of RVO, but the lists and relative 
risks of the factors vary among the types of RVO. 
Primary open-angle glaucoma is the chief ocular 
risk factor for RVO. It is more important for 

 central retinal vein occlusion (CRVO) and hemi-
central retinal vein occlusion (HCRVO) than for 
BRVO. Risk factors may differ for prevalence 
rates and incidence rates. 

 This chapter emphasizes associations of RVO 
with demographic factors such as age, gender, 
ethnicity, and season. Chapter   6     uses the same 
methods and framework, but emphasizes associa-
tions with systemic and ocular factors. Genetic 
variables important for risk and protection are 
reviewed in Chap.   3    . 

 The last two dimensions considered in epide-
miologic reports are the populations and eras 
studied. These are important because populations 
across the world differ and risk factors for RVO 
change over time. 

   Table 5.1    Abbreviations used in epidemiology of retinal 
vein occlusions   

 Abbreviation  Term 

 BDES  Beaver Dam Eye Study 
 BES  Beijing Eye Study 
 BMES  Blue Mountains Eye Study 
 BMI  Body mass index 
 BRVO  Branch retinal vein occlusion 
 CRVO  Central retinal vein occlusion 
 CVOS  Central Vein Occlusion Study 
 EDCCS  Eye Disease Case-Control Study 
 ETDRS  Early Treatment Diabetic Retinopathy 

Study 
 HR  Hazard ratio 
 HCRVO  Hemicentral retinal vein occlusion 
 OR  Odds ratio 
 PAR%  Population attributable risk percentage 
 RR  Relative risk 
 RVO  Retinal vein occlusion 

  Quantifying Risk    

 The terms odds ratio (OR), hazard ratio (HR), relative risk (RR), and population attributable 
risk percentage (PAR%) appear frequently in the epidemiologic literature and may be unclear 
to clinicians. Here are their de fi nitions:

    • Odds Ratio  – the ratio of the odds of an event occurring in one group to the odds of it 
occurring in a second group. In the context of this chapter, an example might be the ratio 
of the odds of a developing retinal neovascularization in persons with BRVO and a body 
mass index less than 25 to those with body mass index of 25 or more. The odds of an event 

http://dx.doi.org/10.1007/978-1-4614-3439-9_6
http://dx.doi.org/10.1007/978-1-4614-3439-9_3
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 Comparison of epidemiologic studies is 
dif fi cult. Methodologies differ among studies, 
including the criteria for RVO, the tests for ascer-
taining RVO, and the formats for reporting data. 9  
For example, in the Blue Mountains Eye Study 
(BMES), seven 30°  fi elds were photographed, 
whereas in the Beaver Dam Eye Study (BDES), 
three 30°  fi elds were photographed. 29  That the 
prevalence and incidence  fi gures reported in 
the BMES were higher than those reported in 
the BDES could have been due to investigating 
more of the retina of each patient in the study, 
instead of from differences due to the populations 
sampled. 29  

 Populations may differ in levels of interacting 
variables, such as blood pressure, smoking, and 
level of serum lipids. In general terms, many 
studies must be reviewed to look for a consistent 
pattern of risk and protective factors. 57  Moreover, 
epidemiologic studies cannot determine causa-
tion. Rather, they reveal associations that can be 
explored in studies meant to de fi ne causation and 
effective treatment. 

 Many associations in epidemiologic studies 
are univariate and vanish when multivariate anal-
yses are carried out. 31  That is, the predictive 
power of a variable in a univariate study may be 
accounted for by some other variable. An exam-
ple of this is the reported higher prevalence of 
neovascular glaucoma in ischemic CRVO in 
patients who do not develop optic disk collater-
als, a difference that vanishes when the presence 
of an afferent pupillary defect is taken into 
account in a multivariate analysis. 5  

 It is important to differentiate the varieties of 
RVO in epidemiologic studies because the risk 
and protective factors are not identical for branch 
retinal vein occlusion (BRVO), central retinal 
vein occlusion (CRVO), and hemicentral retinal 
vein occlusion (HCRVO). Even when a risk fac-
tor is common to all types of RVO, such as hyper-
tension, the weighting of the factor often differs 
over the types of RVO. It follows that the 
classi fi cation system used for RVOs matters 
(see Chap.   4    ). For example, Beaumont and col-
leagues examined epidemiologic associations in 

occurring is the probability of the event occurring divided by the probability of the event not 
occurring. Thus, if  p  

1
  and  p  

2
  are the probabilities of an event occurring in groups 1 and 2, 

respectively, the odds are  p  
1
 /(1 −  p  

1
 ) and  p  

2
 /(1 − p 

2
 ), respectively, and the OR is [ p  

1
 /(1 −  p  

1
 )]/

[ p  
2
 /(1 −  p  

2
 )]. When  p  

1
  and  p  

2
  are less than 0.2, the OR is a good estimator of the RR. 29   

   • Relative Risk  – if two groups 1 and 2 are de fi ned, and 1 is considered the reference group, 
then one can de fi ne the absolute risks (probabilities) of an outcome for the groups,  r  

1
  and  r  

2
 . 

The RR of 2 compared to 1 is  r  
2
 / r  

1.
  23  In the context of this chapter, for example, if the risk of 

losing three lines of vision over 3 years with untreated macular edema in CRVO is 0.24 and 
the risk with serial injections of bevacizumab is 0.12, then the RR with serial injections of 
bevacizumab treatment is 0.5 (=0.12/0.24).  
   • Hazard Ratio  – in survival analysis, a measure of the effect of a variable on the risk of an 
event. A HR of 1 implies no effect of the variable. A HR of 2 implies that presence of the 
variable confers twice the risk of an event occurring compared to absence of the 
variable. 34   
   • Population Attributable Risk Percentage  – the percentage of incidence of a disease in the 
population that is due to exposure to a risk factor. In other words, it is the incidence of a 
disease in the population that would be eliminated if exposure were eliminated. If  I  

p
  = the 

incidence in the population and  I  
u
  = the incidence in the unexposed population, then 

PAR% = [( I  
p
  −  I  

u
 )/ I  

p
 ] × 100%. With some mathematical manipulation, this de fi nition can be 

more conveniently computed from commonly reported data as PAR% = {(risk factor rate 
among controls) (OR − 1)/[(risk factor rate among controls) (OR − 1) + 1]} × 100%. 40     

http://dx.doi.org/10.1007/978-1-4614-3439-9_4
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a  prospective, clinic-based study using a novel 
classi fi cation system based on site of the occlu-
sion and the presence or absence of optic disk 
edema (see Chap.   4    ). Mean age was signi fi cantly 
higher in optic cup-sited RVOs (69.0 ± SD13) 
than in arteriovenous RVOs (64.4 ± SD9.8) 
( P  < 0.05). Smoking was signi fi cantly more prev-
alent in the arteriovenous RVOs (28.7%) than in 
the rest of the groups (10.8–18.4%) ( P  < 0.05). 
Male gender was signi fi cantly more prevalent in 
the optic nerve head-sited RVOs with disk swell-
ing (63.2%) than in the arteriovenous RVOs 
(48.7%) ( P  < 0.05). 4  While this classi fi cation sys-
tem is attractive for its underlying pathoanatomic 
rationale, it has been used only by the innovators 
in the 10 years since it was introduced. It is 
dif fi cult to know how to integrate the observa-
tions of this study with those of studies using 
other classi fi cations of RVO, in which, as an 
example, gender has not been found to be a risk 
factor. 

 In epidemiologic exposition, different meth-
ods of expression can convey the same idea. For 
example, all of the following statements mean the 

same thing, and all formulations will be used in 
this chapter in the interest of readability:

   Gender is not a risk or protective factor for the • 
prevalence of BRVO.  
  Gender is not associated with the prevalence • 
of BRVO.  
  There is no statistically signi fi cant difference • 
in the prevalence of BRVO between men and 
women.    

 Although case series and case-control studies 
have value for suggesting areas to explore in more 
robust population-based studies, they often imply 
associations that do not hold up under scrutiny. 39  
An example is the association of male gender with 
CRVO found in case series but not in population-
based studies. Case series give too little weight to 
conditions that produce fewer symptoms. For 
example, in a population-based prevalence study, 
the proportion of BRVOs and the overall preva-
lence of BRVOs will be higher than in a clinical 
case series because 16% of BRVOs occur outside 
the temporal vascular arcades and likely cause no 
symptoms for the affected patient. 39         

  The Major Epidemiologic Studies of Retinal Vein Occlusion 

 The Blue Mountains Eye Study (BMES) was a population-based study of Australians from a 
community near Sydney. There were 3,654 participants of age 49 or greater comprising 82% of 
the eligible sample population. Initial examinations were done from 1992 to 1994 from which 
prevalences of RVOs were calculated. Follow-up examinations done 10 years later allowed 
10-year incidence data to be calculated. 46  
 The Beaver Dam Eye Study (BDES) was a population-based study of 4,926 residents of Beaver 
Dam, Wisconsin, from 1988 to 1990 (83% of the population) with follow-up examinations of 
3,684 of 4,541 possible subjects (81%) in 1993–1995 and of 2,764 of 3,334 possible subjects 
(83%) in 1998–2000. 30  
 Both studies examined predominantly white populations using similar protocols. At baseline, 
all subjects underwent a complete eye examination after pupil dilation. Fundus photographs 
were taken, and a diagnosis of RVO was based on grading-center evaluation of photographs and 
not on clinical examination. 8  Blood pressure was measured, and laboratory testing was done for 
blood glucose, serum total cholesterol, and HDL cholesterol. Glaucoma was diagnosed with 
prespeci fi ed criteria. 8  

http://dx.doi.org/10.1007/978-1-4614-3439-9_4


1115.3 Incidence

    5.2   Prevalence 

    5.2.1   Pooled Retinal Vein Occlusion 

 RVO is the second only to diabetic retinopathy as 
the most common retinal vascular disease. 48  It is 
estimated that 16.4 (95% CI 13.9–18.9) million 
people in the world have RVO. 44  In a population-
based study, RVO was the  fi fth most frequent cause 
of unilateral blindness. 39  In all population-based 
studies, BRVO is more common than CRVO. A 
meta-analysis estimates that 5.6 times as many per-
sons are affected by BRVO compared to CRVO. 44  

 The standardized prevalence of pooled RVO 
in several population-based studies using differ-
ent photographic detection protocols has varied 
from 0.30 to 10.09 per 1,000 adults (Table  5.2 ). 8  ,  9  ,  58  
In a meta-analysis of 15 studies of 68,700 sub-
jects of all races, the standardized prevalence of 
pooled RVO was 4.40 per 1,000 adults (95% CI 
3.69–5.11). 44   

 Hospital- or clinic-based studies occasionally 
report greater numbers of CRVOs than BRVOs 
over a time interval, but this reversal of propor-
tions compared to population-based studies 
re fl ects bias in referral patterns. There is a higher 
likelihood that more severely affected eyes 
(CRVOs as opposed to BRVOs) will be referred 
to the retina specialist and skew the prevalences 
reported. 12   

    5.2.2   Branch Retinal Vein Occlusion 

 It is estimated that 13.9 (95% CI 11.5–16.4) mil-
lion persons worldwide have BRVO. 44  In the 
BMES, BRVOs accounted for 69.5% of the 
RVOs. 39  The standardized prevalence of BRVO in 
population-based studies has ranged from 0.26 to 
9.32 per 1,000 adults. 29  ,  37  ,  44  In a meta-analysis, the 
standardized prevalence of BRVO was 3.77 per 
1,000 adults (95% CI 3.08–4.46) (Table  5.2 ). 44   

    5.2.3   Central Retinal Vein Occlusion 

 It is estimated that 2.5 (95% CI 1.9–3.1) million 
persons in the world have CRVO. 44  In the BMES, 
CRVOs constituted 25% of the RVOs. 39  The stan-
dardized prevalence of CRVO in population-
based studies has ranged from 0.04 to 1.59 per 
1,000 adults. 29  ,  37  ,  44  In a meta-analysis, the stan-
dardized prevalence of CRVO was 0.65 per 1,000 
adults (95%CI 0.49–0.80) (Table  5.2 ). 44  CRVO is 
10–36% as prevalent as BRVO in different popu-
lation-based studies. 29  ,  37   

    5.2.4   Hemicentral Retinal 
Vein Occlusion 

 In the BMES, HCRVOs constituted 5.1% of the 
RVOs. 39  The prevalence of HCRVO was 7% that 
of BRVO. 39    

    5.3   Incidence 

    5.3.1   Pooled Retinal Vein Occlusion 

 The 4- to 5-year incidence of pooled RVO has 
ranged from 0.2% to 0.8%. 29  The 10-year inci-
dence was 1.6% in the BMES. 9   

    5.3.2   Branch Retinal Vein Occlusion 

 In the BDES, the 5-year and 15-year incidences 
of BRVO were 0.6% and 1.8%, respectively. 29  ,  33  
In the BMES, the 10-year incidence of BRVO 
was 1.2%. 9   
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1135.4 Risk and Protective Factors for Retinal Vein Occlusion 

    5.3.3   Central Retinal Vein Occlusion 

 In the BDES, the 5-year and 15-year incidences 
of CRVO were 0.2% and 0.5%, respectively. 29  In 
the BMES, the 10-year incidence of CRVO was 
0.4%. 9    

    5.4   Risk and Protective Factors 
for Retinal Vein Occlusion 

 The epidemiologic factors that have been associ-
ated with BRVO include age, male gender, and 
higher body mass index. 7  The EDCCS found no 
epidemiologic risk factors for CRVO. 52  In uni-
variate and multivariate models, the following 
epidemiologic factors were protective against 
CRVO: alcohol consumption, more education, 
and increased daily physical activity. 52  

    5.4.1   Age 

 Because RVOs have multiple factors that contrib-
ute to pathogenesis, and many of them are 
in fl uenced by age (e.g., arteriolar sclerosis, 
hypertension, malignancy, and estrogen replace-
ment therapy), an association between aging and 
RVO is not only plausible but also has been 
found repeatedly in studies. 14  ,  29  ,  33  ,  44  ,  59  This asso-
ciation holds for pooled RVO, BRVO, and 
CRVO. 29  ,  33  ,  37  ,  44  

 There are no epidemiological studies of RVO 
in younger people (age 40 or less). Such esti-
mates of epidemiological variables as can be 
made derive from methodologically  fl awed study 
designs such as clinic-based case series and ret-
rospective mining of insurance databases. 39  

    5.4.1.1   Pooled Retinal Vein Occlusion 

 In the BDES, among a population of age 43–86, 
the mean age for subjects with pooled RVO was 
70.1 (95% CI 67.0–73.3) compared to 61.8 (95% 
CI 61.4–62.1) for subjects without RVO. 8  In the 

BMES, among a population of age 49 and above, 
the mean age for subjects with pooled RVO was 
71.6 (95% CI 69.2–74.0) compared to 65.9 (95% 
CI 65.6–66.3) for subjects without RVO. 8  
Younger patients make up a minority of cases of 
pooled RVOs. In case series, the proportion of 
patients with RVO of age less than 45 ranges 
from 5% to 12%. 39  

 Increasing age is signi fi cant risk factor for 
prevalence of pooled RVO (Fig.  5.1 ). 46  Its 
in fl uence is so strong that other factors are typi-
cally examined after adjusting for its effect. 39   

 Age is also associated with incidence of 
pooled RVO. 10  The incidence of pooled RVO in 
persons 70–79 is threefold higher than that in 
persons age 50–59. 39   

    5.4.1.2   Branch Retinal Vein Occlusion 

 In  fi ve pooled retrospective series of 877 cases of 
BRVO, the weighted mean age of onset was 
66 ± 11 years. 2  ,  11  ,  12  ,  25  ,  55  In a consecutive case series 
of 348 patients with BRVO from a single clinic, 
5% of patients were less than 45, 44% were 
45–64, and 52% were greater than or equal to 
65. 20  The median age was 66 with range 20–93. 20  
In a case series of 3,490 patients with BRVO, 
BRVO in patients less than or equal to 49 years 
constituted only 2%. 36  BRVO has been reported 
in patients as young as 17. 36  

 Prospective, population-based studies con fi rm 
the suggestions of retrospective series (Figs.  5.2  
and  5.3 ). 39  In the BDES, increasing age was a 
signi fi cant risk factor for prevalence ( P  < 0.0001) 
and for 5-year incidence of BRVO ( P  < 0.001). 29  
In the BDES, persons greater than or equal to 
75 years were 6.7 times (95% CI 2.2, 20.4) as 
likely to have BRVO as persons 43–54 years of 
age. 29  In the BDES, a multivariate analysis 
showed that increasing age was associated inde-
pendently with 15-year incidence of BRVO. Each 
decade of increasing age was associated with an 
OR 1.71 (95% CI 1.32–2.20,  P  < 0.001). 33  In both 
the EDCCS and the BMES, increasing age was a 
risk factor for BRVO. 9  ,  51  The 10-year incidences 
of BRVO in the less than 60-year-old, 60- to 
69-year-old, and greater than or equal to 70-year-
old age groups were 0.9%, 1.4%, and 1.9%, 
respectively   . 9     
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    5.4.1.3   Central Retinal Vein Occlusion 

 Although more common as age increases, CRVO 
can occur in patients as young as 4 years. 1  In 
 fi ve pooled retrospective series of 740 cases of 
CRVO, the weighted mean age of onset was 
65 ± 14 years. 2  ,  11  ,  12  ,  19  ,  35  In a case series of 612 patients 

with CRVO from a single clinic, 16% of patients 
were less than 45, 35% were 45–64, and 49% were 
greater than or equal to 65. 20  The median age was 
64.5 with range 16–100. 20  In another series, percent 
of patients with CRVO were older than 50. 15  

 Population-based studies con fi rm these sug-
gestions. In the BDES, increasing age was a sug-

5

4

3

3.5

2.5

2

1.5

1

0.5

0

4.5

40
−4

9

<5
5

50
−5

9

<6
0

55
−6

4
60

−6
9

65
−7

4
70

−7
9

≥7
0

≥7
5

≥8
0

P
re

va
le

nc
e 

(%
)

Prevalence of pooled RVO versus age

Age

BES

BMES

BDES

  Fig. 5.1    Prevalence of 
pooled RVO versus age from 
three population-based 
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gestive risk factor for prevalence ( P  = 0.06) and 
for 5-year incidence of CRVO ( P  = 0.10) (Figs.  5.4  
and  5.5 ). 29  A multivariate analysis of the 15-year 
incidence of CRVO showed that age was an inde-
pendent risk factor. Each decade’s increase in age 
was associated with an OR of 1.58 (95% CI 
1.00–2.49,  P  = 0.05) for development of 
CRVO. 37    

 In the BMES, 87% of patients with CRVO at 
baseline were 70 years of age or older and no 
incident CRVO occurred in the group younger 
than 60. 9  ,  39  Increasing age was a risk factor for 
incidence of CRVO. 9  The 10-year incidences of 
CRVO in the 60- to 69-year-old and 70-year-old 
or older age groups were 0.4% and 1.1%, 
respectively   . 9   
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  Fig. 5.3    Five-year incidence 
of BRVO versus age in the 
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    5.4.1.4   Hemicentral Retinal Vein Occlusion 

 In a retrospective case series of 28 HCRVOs, the 
mean age of onset was 63 (range 35–82). 2  In a 
case series of 130 patients with HCRVO, 12% of 
patients were less than 45, 30% were 45–64, and 
58% were greater than or equal to 65. 20  The 
median age was 68.1 with range 14–98. 20  In the 
EDCCS, 79 patients with HCRVO were studied. 
The median age was in the decade 65–74 years 
with 95% of patients older than 45. 47    

    5.4.2   Gender 

    5.4.2.1   Pooled Retinal Vein Occlusion 

 Although many case series report higher propor-
tions of males than females, there is a problem of 
referral or recruiting bias. 11  ,  20  ,  43  Prospective, pop-
ulation-based studies are inconsistent but do not 
suggest a strong association with gender. 59  In the 
BDES, among a population of age 43–86, the 
prevalence of pooled RVO was the same in men 
and women (0.8%). 8  In the BMES, among a pop-
ulation 49 or older, the prevalence of RVO was 
similar in men and women (1.4% and 1.8%, 
respectively). 8  ,  39  On the other hand, in the Beijing 
Eye Study, 56.8% of pooled RVOs occurred in 

women and 43.1% in men. 37  In a meta-analysis of 
15 studies of 68,700 subjects worldwide, the 
standardized prevalence of pooled RVO did not 
vary by gender. 44  The standardized prevalences 
for men and women were 3.74 per 1,000 adults 
(95% CI 3.17–4.31) and 5.04 per 1,000 adults 
(95% CI 3.75–6.32), respectively. 44  

 In the BMES, gender was not a risk factor for 
prevalence or incidence of pooled RVO. 9  ,  39  Similarly, 
in the BDES, gender was not a risk factor for preva-
lence or 5-year incidence of CRVO or BRVO. 29   

    5.4.2.2   Branch Retinal Vein Occlusion 

 Some case series of BRVOs have higher propor-
tions of males and others higher proportions of 
females. 17  Collecting 1,166 cases from  fi ve retro-
spective studies of BRVO, the weighted percent-
age of males was 48.3%. 2  ,  13  ,  20  ,  25  ,  55  Population-based 
studies do not suggest an association with gender. 
In a meta-analysis of 15 population-based stud-
ies, the standardized prevalence (/1,000) of 
pooled RVO did not vary by gender. 44  The stan-
dardized prevalences for men and women were 
3.74 per 1,000 adults (95% CI 3.17–4.31) and 
5.04 per 1,000 adults (95% CI 3.75–6.32), respec-
tively. 44  In the BDES, gender was not a risk factor 
for prevalence of BRVO. 29  In the EDCCS, gender 
was not associated with BRVO. 51   
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    5.4.2.3   CRVO 

 In many case-control studies, clinical trials, and 
case series, males make up a disproportionate 
percentage of cases of CRVO. In six studies com-
prising 2,094 cases of CRVO, males made up 
55.1% of cases. 11  ,  20  ,  35  ,  38  ,  50  ,  52  However, in popula-
tion-based studies, gender has not been a risk fac-
tor for CRVO. 29   

    5.4.2.4   Hemicentral Retinal Vein 
Occlusions 

 A case series and a case-control study suggest 
that males are disproportionately represented 
among HCRVO cases. In two studies comprising 
107 cases of HCRVO, males made up 53.3% of 
cases. 2  ,  47  The absence of population-based data, 
however, makes this suggestion suspect, together 
with the consensus that the pathogeneses of 
HCRVO and CRVO are the same.   

    5.4.3   Race 

 In a meta-analysis of 15 population-based stud-
ies, the prevalences of pooled RVO and BRVO 
were found to vary by race (Table  5.3 ). 44  Hispanics 
had the highest prevalence and whites the lowest 
among the four groups analyzed. Because most 
of the 15 studies were of subjects from a single 
race, the observed differences could be due to dif-
ferences in study methodologies rather than true 
racial differences. 51  The prevalence of CRVO 
prevalence did not vary by race. 44   

 Results from case series and case-control stud-
ies have differed from the results of population-

based studies. In a case-control study of pooled 
RVO, race was not associated with RVO. 43  In the 
EDCCS, race was not associated with increased 
or decreased risk for BRVO. 51  In a case-control 
study of 265 BRVOs, no signi fi cant difference 
was seen in racial proportions between the group 
with BRVOs compared to the control group. 25  
Greater weight should be given to the results 
derived from population-based studies.  

    5.4.4   Laterality 

 There is inconsistency in the literature on the 
signi fi cance of laterality. One case series reported 
that CRVO was more common in right than left 
eyes. 19  In earlier case series of CRVOs from the 
same author, however, a preponderance of left 
eyes was reported. 16  ,  17  Major BRVO was reported 
to be more common in right eyes. 17  There were 
no statistically signi fi cant differences in propor-
tions for HCRVOs and macular BRVOs. 17  In a 
population-based study, however, laterality was 
not associated with BRVO or CRVO. 29  No bio-
logically plausible reason for a disproportionate 
involvement of one side or another has been 
advanced for RVO.  

    5.4.5   Body Mass Index 

 Body mass index (BMI) is calculated as the 
weight in kilograms divided by the squared 
height (in meters). 13  In the EDCCS, BMI was not 
associated with RVO. 52  In the BDES, among a 

   Table 5.3    Age and sex standardized prevalence by race   

 Any RVO  BRVO  CRVO 

 Whites  3.7 (2.8–4.6)  2.82 (2.10, 3.54)  0.88 (0.37, 1.39) 
 Blacks  3.9 (1.8–6.0)  3.53 (1.46, 5.61)  0.37 (0, 0.88) 
 Asians  5.7 (4.5–6.8)  4.98 (3.89, 6.06)  0.74 (0.40, 1.07) 
 Hispanics  6.9 (5.7–8.3)  5.98 (4.81, 7.15)  1.01 (0.53, 1.49) 

  Data from Rogers et al. 44  
 Prevalences are expressed per 1,000 population. Values in parentheses represent 95% con fi dence intervals for age and 
sex standardized prevalences  
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 population of age 43–86, the mean BMI of 
patients with pooled RVO was 29.2 (95% CI 
27.9–30.5) compared to 28.8 (95% CI 28.6–28.9) 
for subjects without RVO. 8  In the BMES, among 
a population greater than or equal to 49, the mean 
BMI was 25.5 (95% CI 24.3–26.6) compared to 
26.2 (95% CI 26.0–26.3) for subjects without 
RVO. 8  When analyzed by dividing BMI into three 
groups, the distributions of subjects were not sta-
tistically different between those with and with-
out pooled RVO in both the BDES and the 
BMES. 8  ,  39  In a population-based study from 
Japan, BMI was not associated with prevalence 
of BMI. 59  

 In the BMES, BMI was not a risk factor 
for prevalence or 10-year incidence of pooled 
RVO. 9  ,  39  In the BDES, BMI was not associated 
with prevalence or 5-year incidence of BRVO. 29  
On the other hand, obesity, de fi ned as a BMI 
greater than or equal to 30, was a signi fi cant risk 
factor for pooled RVO with an age-adjusted OR 
of 2.16 (95% CI 1.02–4.56). 9   

    5.4.6   Education 

 A case-control study found that a person who 
completed at least 12 grades of education had 
60% of the risk of developing CRVO compared 
to a person who had completed fewer than 12 
grades of education. 52  Similarly, increased educa-
tion was associated with protection from 
HCRVO. 47   

    5.4.7   Physical Activity 

 Evidence of the relationship of exercise to RVO 
is inconsistent. A population-based study from 
Japan found no association of regular exercise 
and pooled RVO. 59  In the EDCCS, increased 
physical activity was a protective factor against 
BRVO. 51  In the BDES, after adjusting for age, 
physical activity was not associated with 
15-year incidence of BRVO. 33  As for CRVO, one 

 case-control study found that subjects with the 
highest level of physical activity had half the risk 
of developing CRVO compared to those with the 
lowest level of physical activity. 52  Higher levels 
of physical activity were more protective for 
CRVO than HCRVO. In the latter, no protective 
effect was found, but the number of cases of 
HCRVO studied was only a third of the number 
of patients with CRVO studied. 47   

    5.4.8   Miscellaneous Factors Explored 
and Not Found Important 

 In a prospective clinical series of 557 patients with 
CRVO, 129 patients with HCRVO, and 345 patients 
with BRVO, no seasonal variation was observed in 
the time of onset of any type of RVO. 18  

 In a retrospective study using a national insur-
ance database from Taiwan, the prevalence of 
residence from any of four regions of the country 
did not differ among patients with pooled RVO. 21  

 In the EDCCS, iris color, marital status, and 
parity were examined and not found to be associ-
ated with pooled RVO. 52    

    5.5   Bilaterality of Retinal Vein 
Occlusion, Different Types 
of Retinal Vein Occlusion 
in the Same Eye, and Sequential 
Retinal Vein Occlusion 
in Same and Fellow Eye 

    5.5.1   Pooled Retinal Vein Occlusion 

 Multiple cases have been reported of the same or 
different types of RVO in one eye (Fig.  5.6 ). 17,  49  
Twenty-one instances were documented among 
1,229 eyes with RVO in one report. 19  In the 
BMES, 59 subjects had RVO of any type at base-
line of whom three (5.1%) had bilateral RVO. 39  
Over a 5-year period of follow-up, three (6.4%) 
developed a second RVO. 9  In a case series of 



1195.5 Bilaterality of Retinal Vein Occlusion

1,229 pooled RVOs, the risk for a fellow eye 
involvement was 8% and 12% at 2 and 4 years, 
respectively. 19  The risk of developing a second 
episode of the same or different types of RVO in 
the same eye was 1% within 2 years and 2.5% 
within 4 years. 19    

    5.5.2   Branch Retinal Vein Occlusion 

 Among patients with BRVO in one eye, 3–11% 
have been reported to have simultaneous evi-
dence of BRVO present in the fellow eye, and up 

a b
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  Fig. 5.6    Fundus images of a 66-year-old, hypertensive 
man with a history of coronary artery disease who was 
seen in 2008 with a history of 1 month of blurred vision of 
the right eye. At presentation, he had three independent 
BRVOs in two eyes, and under observation, he developed 
a fourth BRVO. ( a ) Monochromatic fundus photograph 
of the right eye shows a fresh superotemporal branch 
retinal vein occlusion (the  turquoise arrow ) and an unsus-
pected, old inferotemporal BRVO (the  yellow arrow ). ( b ) 
Monochromatic fundus photograph of the left eye shows 
an unsuspected, old superonasal macular BRVO (the  
yellow oval ). ( c ) Frame from the late-phase  fl uorescein 
angiogram of the right eye shows no hyperpermeability of 
the retinal venules and capillaries associated with the right 
eye inferotemporal BRVO (the  yellow oval ) but prominent 
hyperpermeability of the capillaries associated with the 
superotemporal BRVO (the  turquoise oval ). ( d ) Frame 
from the    late-phase  fl uorescein angiogram of the left eye 

showing a focus of hyperpermeable capillaries associated 
with the superonasal macular branch retinal vein occlu-
sion ( tan arrow ). The  green arrow  indicates the site of a 
second BRVO that developed in this eye in 2011, 3 years 
after the date of this photograph. The vein distal to this 
point may be slightly distended compared to the venous 
segment proximal to this arteriovenous crossing. ( e ) 
Frame from the    late-phase  fl uorescein angiogram of the 
right eye taken 3 years later. Both BRVOs in the right eye 
now show resolved microvascular hyperpermeability (the 
 yellow  and  turquoise ovals ). The  tan arrow  indicates the 
arteriovenous crossing associated with the inferotemporal 
occlusion. ( f ) A fresh superotemporal BRVO has devel-
oped in the left eye at the arteriovenous crossing indicated 
by the turquoise arrow. This BRVO is ischemic with 
venous wall staining and more than  fi ve disk areas of cap-
illary nonperfusion. The original macular BRVO is indi-
cated by the  yellow oval        
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to 6% have evidence of more than one BRVO in 
the same eye (Fig.   4.6    ). 42  ,  45  For BRVO, the prob-
ability of developing an RVO in the fellow eye 
within 4 years is 7%. 17  A patient who develops a 
macular BRVO has a 4% risk of developing a 
macular BRVO in the fellow eye over the subse-
quent 3.3 years. 17  The risk of recurrence of a 
BRVO of any type in the same eye is low and no 
estimate was made. 17   

    5.5.3   Central Retinal Vein Occlusion 

 In the Central Vein Occlusion Study, 3 of 725 
enrolled patients had bilateral CRVO. 58  In a case-
control study of 144 CRVOs, the fellow eye had 
some form of RVO in 6.9%. 41  The prevalence of 
bilateral CRVO has been reported to be 6.3–
12%. 42  ,  45  Bilaterality of CRVO seems higher than 
bilaterality of BRVO. 42  

 A patient who develops a nonischemic CRVO 
has a 6.6% risk of developing a nonischemic 
CRVO in the fellow eye over the subsequent 
2 years. 17  A patient who develops an ischemic 
CRVO has a 5.6% risk of developing an ischemic 
CRVO in the fellow eye over the subsequent 
2.8 years. 17  

 The risk of recurrence of a nonischemic CRVO 
in the same eye is 0.9% over 2 years. The recur-
rence rate is lower and unestimated for ischemic 
CRVO. 17   

    5.5.4   Hemicentral Retinal Vein 
Occlusion 

 Among patients with HCRVO in one eye, 4% 
have been reported to have simultaneous evi-
dence of HCRVO present in the fellow eye. 42  A 
patient who develops a nonischemic HCRVO has 
a 3.5% risk of developing a nonischemic HCRVO 
in the fellow eye over the subsequent 2.2 years. 17  
A patient who develops an ischemic HCRVO has 
a 7.4% risk of developing an ischemic HCRVO in 
the fellow eye over the subsequent 0.4 years. 17  
The risk of recurrence of a nonischemic HCRVO 
in the same eye is 0.9% over 2 years. The recur-
rence rate is lower and unestimated for ischemic 
HCRVO. 17    

    5.6   Life Expectancy 

 In a study of pooled RVOs, the 10-year survival 
after RVO was 50%, which was approximately the 
expected rate for an age-matched population. 52  Of 
those who died, vascular disease was the cause in 
79.4%, approximately twice the expected percent-
age. 45  In a study from 1964, the life expectancy 
after BRVO was 1.5 years. 41  In a population-based 
study, the 8-year overall survival rate was no dif-
ferent in patients with and without BRVO at base-
line nor was the risk of dying from ischemic heart 
disease increased in the BRVO cohort. 29   

fe

Fig. 5.6 (continued)
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    5.7   Visual Impact of Retinal Vein 
Occlusions 

 The BDES examined the changes in visual acuity 
of a population-based cohort over a 10-year 
period. Incident monocular severe visual impair-
ment de fi ned as 20/200 or worse visual acuity 
occurred in 2.2% (75 of 3,402 subjects). 30  Of 
these 75 subjects, the cause was either BRVO or 
CRVO in 12.1%, which was the second most 
important cause after macular degeneration 
(57.9%) and six times as frequent a cause as dia-
betic retinopathy (2%). 34  In this population-based 
study, all cases of severe visual impairment from 
pooled RVO occurred in subjects 55 or older. 30   

    5.8   Summary of Key Points 

    RVO is the second most common retinal vas-• 
cular disease after diabetic retinopathy and is 
the  fi fth most common cause of unilateral 
blindness.  
  The best estimate for the prevalence of pooled • 
RVO is 4.4 per 1,000 adults.  
  The best estimate for the prevalence of BRVO • 
is 3.77 per 1,000 adults.  
  The best estimate for the prevalence of CRVO • 
is 0.65 per 1,000 adults.  
  The best estimate for the 10-year incidence of • 
pooled RVO is 1.6%.  
  The best estimate for the 10-year incidence of • 
BRVO is 1.2%.  
  The best estimate for the 10-year incidence of • 
CRVO is 0.4%.  
  Increasing age is a strong risk factor for all • 
types of RVO.  
  Gender is not strongly associated with any • 
type of RVO.  
  Race is associated with BRVO but not CRVO. • 
Hispanic race is associated with the highest 
prevalence, and white race with the lowest.  
  The risk of developing any type of RVO in the • 
fellow eye depends on the type of the  fi rst 
RVO. A risk of 1% per year is a good rule of 
thumb. The risk of developing a second RVO 
in the same eye is less.  

  Life expectancy after an RVO is approximately • 
the same as in an age- and gender-matched 
cohort without RVO.         
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                 6.1   Introduction 

 Epidemiologic studies show that certain systemic 
and ocular factors are associated with the preva-
lence and incidence of retinal vein occlusions 
(RVO). These associations have provided clues 
for understanding the pathogenesis and have pro-
vided a rationale for treating the manifestations 
of RVO. 203  An ophthalmologist naturally consid-
ers using laser treatment, intravitreal injections, 
or surgery in patients with RVO. However, opti-
mizing the systemic and ocular factors that 
in fl uence RVO is prudent, may reduce the risk of 
subsequent RVO in the same or the fellow eye, 
and may reduce the severity of subsequent prob-
lems in the affected eye. 203  

 Studies of association are problematical. 
Some are case series with possibilities of refer-
ral bias. Also, in the absence of a control group, 
valid comparative statements regarding sus-
pected associations cannot be made. 6  Attempts 
to overcome this  fl aw by comparing proportions 
of patients with associated diseases to propor-
tions from an age-matched national sample 
or from historical controls are invalid. 75  ,  108  

Internal  controls speci fi c to the study are essen-
tial, as populations differ geographically and 
over time. 175  

 Even in better-designed studies, there may 
be differences in associations between ethnic 
groups, as well as varying times over which 
population characteristics may change. For 
example, association of RVO and stroke appears 
to vary between Caucasians and Chinese. 81  ,  196  
Case-control studies have suggested that hyper-
lipidemia is less signi fi cant as a risk factor for 
RVO in Hispanic as compared to non-Hispanic 
populations. 7  Diabetic control appears to have 
improved over US populations between the 
1980s and 2000s, making associations of diabe-
tes and RVO from one era suspect when gener-
alized to the other. 38  ,  45  

 Comparing different studies that examine the 
same factors can be compromised by differences 
in de fi nitions. For example, in some studies, 
hyperlipidemia is de fi ned as a fasting serum cho-
lesterol greater than 250 mg/dl or fasting serum 
triglyceride level greater than 177 mg/dl, whereas 
in others, it is de fi ned as fasting total cholesterol 
level greater than 200 mg/dl or currently being 
treated with a lipid-lowering medication. 142  

    Chapter  6 
   Systemic and Ocular Associations 
of Retinal Vein Occlusions       
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 In association studies, it is important to adjust 
for possible confounding factors. In a retrospective 
study using a national insurance database, the 
5-year risk of stroke among patients with RVO was 
signi fi cantly higher than in controls in several age 
strata before, but not after, adjusting for hyperten-
sion and hyperlipidemia. 81  There is evidence that 
the presence of glaucoma and the increasing risk of 
RVO with age are such strong associations that all 
other factors must be assessed after adjusting for 
them, but this adjustment is not commonly made. 132  
For statistical reasons, studies with smaller num-
bers of cases will have more dif fi culty detecting 
associations. Because studies report fewer cases of 
HCRVOs than CRVOs or BRVOs, it is more 
dif fi cult to  fi nd factors associated with HCRVO. 174  

 Association studies can suggest, but cannot 
prove, causality because the associations may 
represent a situation in which the systemic factor 
and the RVO are both related to a third factor. For 
example, increased blood viscosity, hematocrit, 
 fi brinogen, factor VIII, increased beta-thrombo-

globulin, and decreased platelet count have been 
associated with RVO but are also associated with 
atherosclerosis. The association of these factors 
with RVO may be coincidental to the fact that 
both the factors and RVO are associated with 
atherosclerosis. 184  

 Many more associations are present with 
univariate testing than with multivariate test-
ing, suggesting that the information carried by 
these associations may be redundant. Therefore, 
predictive variables found on multivariate test-
ing are more reliable than those found by uni-
variate testing. In addition, the important 
predictive factors are not always the same for 
different endpoints. For example, in the Beaver 
Dam Eye Study (BDES), baseline ocular per-
fusion pressure was associated with prevalence, 
but not 5-year incidence, of RVO. 95  Likewise, a 
history of hypertension was associated with 
prevalence, but not 5-year incidence, of 
BRVO. 95  In studies testing associations with 
many variables, care must be taken to statisti-

  Problems with the Case   -Control Study Design When Investigating Systemic Associations 
of Retinal Vein Occlusions 

 Although the case-control study is the most common type of systemic and ocular association 
study, its design has several  fl aws. One is that the control group can in fl uence the interpreta-
tion. 151  ,  200  For example, one study compared two choices of a control group, one from the photo-
graphic  fi les of the department and another from the attendees of a general ophthalmology clinic. 
The relationship of diabetes and race to CRVO changed simply by choice of the control group. 
The control group chosen from photography  fi les biased prevalence toward presence of diabe-
tes. 151  In another example, the authors chose a control group composed of 33 patients with treated 
hypertension and seven hospital staff members. 39  No difference was found in the proportion of 
patients with CRVO having hypertension compared to the control group, but had the control 
group been chosen differently, for example, 40 age-matched hospital staff, the result may have 
been different. A control group rich in subjects with hypertension could bias the outcome away 
from detecting a difference. Finally, in a study on proportions of patients with RVO having 
antiphospholipid antibodies (APLAs), the control group was chosen from among patients with 
trauma, a group signi fi cantly younger than those of the cases (mean ages 52 and 29 for the cases 
and controls, respectively). 13  The choice of younger controls could bias toward a lower prevalence 
of APLAs. At best, case-control studies usually match based on age and gender but do not match 
for other relevant factors such as body mass index, renal function, smoking, and intraocular pres-
sure. Mismatches on factors that may be related to pathogenesis could bias the results. 142  

 Case-control studies also suffer from omission bias. If a condition was not considered at the time 
of the patient encounter, it will have no chance of being discovered as an association. 151  Prospective 
studies prespecify the associations to be tested and obtain the relevant data in a standardized way. 
Prospective, population-based studies are thus more reliable for determining systemic associations. 
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cally adjust for the increased chance of  fi nding 
an association based on the number of hypoth-
esis tests performed. 75  

 Some studies pool all RVOs, and others split 
them into two categories. In studies that split, 
BRVO and CRVO are always separated, but 
HCRVO is sometimes included with BRVO and 
other times with CRVO. 75  The issue is controver-
sial. In a large consecutive case series, there was 
no difference in prevalence of any systemic dis-
ease between CRVO and HCRVO tending to sup-
port the practice of lumping these two together. 75  
Some authors have found no difference in associ-
ated risk factors between BRVO and CRVO, per-
haps because the sample sizes were too small to 
enable small distinctions to be made. 151  Others 
insist that the pro fi le of associations differs. 75  For 
example, the association of glaucoma and CRVO 
is stronger than the association of glaucoma and 

BRVO, and average IOP tends to be lower in 
BRVO than CRVO. 52  ,  84  Ideally, studies should not 
pool all types of RVO as there is evidence that 
there are important differences in pathophysiology 
and risk factors. 6  Nevertheless, the literature on 
pooled RVOs is large, and it is not ignored here. 

 The methods used in determining systemic and 
ocular associations with RVO are the same as those 
used in epidemiologic studies of demographic 
variables. The de fi nition of important terms and 
concepts in these types of studies are de fi ned in 
Chap.   5     and are not repeated here. Table  6.1  lists 
the terms abbreviated in this chapter.      

    6.2   Systemic Associations 

 In some studies, a veritable  fi shing expedition for 
associations with RVO was launched. If there is 
no plausible reason to suspect that a systemic 
condition is related to the pathophysiology of 
RVO and no association has been found, such 
negative data is ignored here. As an example, 
there is no reason to suspect that cataract is related 
to the pathogenesis of RVO, so data on such asso-
ciations is omitted from this chapter. 95  

 The list of suggested systemic associations 
with RVOs of all types is extensive. Across stud-
ies, the associations observed have been incon-
sistent. Generally, systemic hypertension is the 
strongest systemic association with all forms of 
RVO. However, even for hypertension, the litera-
ture includes counterexamples challenging its 
signi fi cance. 98  After hypertension, less strongly 
associated systemic risk factors include diabetes, 
hyperlipidemia, cardiovascular disease, and 
stroke. Their relative importance varies with the 
type of RVO under consideration. 32  ,  81  ,  132  ,  151  Many 
other systemic diseases and laboratory studies 
are inconsistently associated with RVO. 132  

 Patients with RVOs often have multiple sys-
temic risk factors for their condition, some of 
which are genetic and some which are acquired. 108  
The focus of Chap.   3     was on the genetic risk fac-
tors. This chapter focuses on factors that are not 
clearly genetic, although they, too, may have a 
genetic component. In the interaction of genetic 
and acquired risk factors for retinal vein 

   Table 6.1    Abbreviations used in association studies of 
retinal vein occlusion   

 Abbreviation  Term 

 ACA  Anticardiolipin antibodies 
 APLAs  Antiphospholipid antibodies 
 BDES  Beaver Dam Eye Study 
 BMES  Blue Mountain Eye Study 
 BRVO  Branch retinal vein occlusion 
 BRAO  Branch retinal artery occlusion 
 CRVO  Central retinal vein occlusion 
 CDR  Cup-to-disc ratio 
 DNA  Deoxyribonucleic acid 
 DBP  Diastolic blood pressure 
 EPCR  Endothelial protein C receptor 
 ESR  Erythrocyte sedimentation rate 
 EDCCS  Eye Disease Case Control Study 
 HCRVO  Hemicentral retinal vein occlusion 
 HDL  High-density lipoprotein 
 HIV  Human immunode fi ciency virus 
 IOP  Intraocular pressure 
 LDL  Low-density lipoprotein 
 OCT  Optical coherence tomography 
 OHTS  Ocular Hypertension Treatment Study 
 OR  Odds ratio 
 PTT  Partial thromboplastin time 
 PAR%  Population attributable risk percentage 
 POAG  Primary open-angle glaucoma 
 PT  Prothrombin time 
 RVO  Retinal vein occlusion 
 SLE  Systemic lupus erythematosus 
 sEPRC  Soluble endothelial protein receptor C 
 SBP  Systolic blood pressure 

http://dx.doi.org/10.1007/978-1-4614-3439-9_5
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    6.2.1   Hypertension 

 Hypertension is a strong risk factor for all forms 
of RVO and for plausible biologic reasons. The 
pathogenesis of all forms of RVO centers upon an 
arteriosclerotic artery indenting a vein at a point 
where the two are held in close contact by an 
indistensible  fi brous sheath. Hypertension 
increases arteriolar sclerosis, thus an association 
with RVO is logical. 190  Endothelial cellular dam-
age in hypertension may also lead to abnormali-
ties of intercellular adhesion molecules (ICAM-1) 
with leukostasis predisposing the subject to 
RVO. 141  RVO of any type is commonly the pre-
senting sign of previously undetected hyperten-
sion, so it is important in patients with RVO to 
look for underlying hypertension. 41  Some studies 

have noted that the relationship of hypertension 
and RVO is a continuous one, rather than dichot-
omous with an arbitrary blood pressure thresh-
old. Therefore, an association exists between 
RVO and high-normal blood pressure as well as 
hypertension. 206  

 An association of RVO with hypertension can 
be explored in several ways. In some studies, 
databases are mined for a history of hyperten-
sion. 86  In others, blood pressure measurements 
are taken and prespeci fi ed de fi nitions of hyper-
tension are applied. The associations that result 
from the two types of associations may differ. 81  

    6.2.1.1   Pooled Retinal Vein Occlusions 

 Some studies pool all patients with RVO. 39  ,  81  The 
prevalences of hypertension among patients with 

 occlusions, untangling relative degrees of impor-
tance is dif fi cult, and the appropriate therapeutic 
response to  fi nding the presence of a risk factor 
can be controversial. 103  

 Risk factors may not only be independently 
important but also may have synergistic interac-
tions. For example, in a population-based study 

from Japan, hypertension and hematocrit were 
independent risk factors for prevalence of pooled 
RVO with odds ratios (ORs) of 4.25 and 2.09/
(10% increase in hematocrit), respectively. 
However, subjects with both hypertension and an 
elevated hematocrit had synergistically increased 
risk with an OR of 36.0. 206     

  Systemic Associations with Retinal Vein Occlusion Depend on the Classi fi cation System 
Used 

 Beaumont and colleagues examined systemic and ocular associations using a novel classi fi cation 
system for RVO based on site of the occlusion and the presence or absence of optic disc edema 
(see Chap.   4    ). 14  When systolic blood pressure (SBP), diastolic blood pressure (DBP), and 
intraocular pressure (IOP) were examined across this classi fi cation, there were insigni fi cant 
differences across groups. On the other hand, intraocular pressure was signi fi cantly higher in 
the optic cup-sited RVOs (19.3 ± SD5.5 mmHg) compared to all other groups (varying from 
16.6 ± SD3.7 to 17.6 ± SD5.4 mmHg) ( P  < 0.01 to 0.0001). 14  In accord with this result, the prev-
alence of primary open-angle glaucoma (POAG) was higher in optic cup-sited RVOs (41.4%) 
than all other groups (9.5–19.2%) ( P  < 0.0001). 14  POAG was also more prevalent in optic nerve-
sited RVOs without disc swelling than in those with disc swelling and than in arteriovenous 
crossing RVOs ( P  < 0.0083). Prevalence of hypertension was statistically greater in those with 
arteriovenous RVOs than in those with optic nerve-sited RVOs (i.e., pooled CRVOs and 
HCRVOs regardless of optic disc swelling) ( P  < 0.05). 14  While this classi fi cation system is 
attractive for its pathophysiologic rationale, it has not been widely adopted in the 10 years since 
it was introduced. It is dif fi cult to compare the associations reported using Beaumont’s 
classi fi cation system with those reported using more widely adopted systems, such as that used 
in the BDES and BMES. 95  ,  132  

http://dx.doi.org/10.1007/978-1-4614-3439-9_4
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pooled RVO in the BDES and BMES were 89.2% 
and 89.7%, respectively. 31  These percentages 
were signi fi cantly higher than those for subjects 
in the study without RVO (50.2% and 71.1%, 
respectively;  P  < 0.001 and  P  = 0.002, respec-
tively). 31  In a retrospective study using a national 
insurance database, the prevalence of hyperten-
sion among patients with RVO was 85.5% com-
pared to 6.3% among age- and gender-matched 
controls ( P  < 0.001). 81  

 In a meta-analysis of 21 pooled studies, the 
overall OR for systemic hypertension as a risk 
factor for RVO was 3.5 (95% CI 2.5–5.1). Other 
studies since then are in agreement. 36  ,  142  ,  147  ,  151  The 
population attributable risk percentage (PAR%) 
for systemic hypertension as a factor contributing 
to RVO has been estimated to be 47.9% (95% CI 
31.2–63.1%). 142  In many studies, baseline SBP 
and DBP are also risk factors, in consonance with 
a history of hypertension. 159  In the BMES, both 
DBP and SBP at baseline were risk factors for 
pooled RVO. 181  The DBP conferred higher risk 
per 10 mmHg increase than did SBP. 181  In a pop-
ulation-based study from Japan, after adjusting 
for age and gender and after multivariable analy-
sis, hypertension was the most important inde-
pendent risk factor for RVO (OR 4.25; 95% CI 
1.82–9.94). 206  

 Evidence suggests that presence of an RVO 
does not increase the probability of  fi nding unde-
tected hypertension. In the BMES, although 14% 
of patients with RVO had undetected hyperten-
sion, 13% of subjects in the same age group with-
out RVO had undetected hypertension. 132  

 The importance of hypertension as a risk fac-
tor for RVO is emphasized by a study of pooled 
recurrent RVOs in which the prevalence of hyper-
tension was 88% compared to a prevalence of 
48% in a series of single occurrence RVOs from 
the same center ( P  < 0.01). 40   

    6.2.1.2   Branch Retinal Vein Occlusion 

 In a case series that compared prevalences of sys-
temic associations to a gender-, race-, and age-
matched national cohort, hypertension was more 
prevalent in BRVO than in the comparison 
group. 75  The prevalence of hypertension in 

patients with BRVO has been reported in 37–79% 
in various series. 6  ,  17  ,  58  ,  69  ,  75  ,  84  ,  89  ,  90  ,  132  ,  146  ,  148  ,  163  ,  179  ,  194  ,  195  ,  207  
In the Eye Disease Case Control Study (EDCCS), 
hypertension was a risk factor for BRVO and a 
greater risk factor for BRVO than for CRVO. 174  ,  180  
In the EDCCS analysis, BRVO in half of the 
patients with BRVO could be attributed to the 
single factor of hypertension. 180  Other case-con-
trol studies have also found that hypertension 
was signi fi cantly associated with BRVO. 84  ,  147  In a 
meta-analysis of 11 pooled, mostly case-control 
studies, the overall OR for systemic hypertension 
as a risk factor for BRVO was 3.0 (95% 
CI 2.0–4.4). 142  

 In the Beaver Dam Eye Study (BDES), hyper-
tension was associated with prevalence of BRVO. 
Untreated and uncontrolled hypertension, treated 
and controlled hypertension, and treated and 
uncontrolled hypertension were all associated 
with prevalence of BRVO with ORs of 6.85 (95% 
CI 2.07–22.69), 3.79 (95% CI 1.38–10.42), and 
10.24(95% CI 3.47–30.22), respectively. 95  The 
ORs linking DBP and SBP to prevalence of 
BRVO were 1.68 (95% CI 1.23–2.30) and 1.30 
(95% CI 1.13–1.50), respectively. Similar results 
were found in a population-based study from 
China. 115  In contrast, in the BDES, hypertension, 
DBP, and SBP were not associated with incidence 
of BRVO. 95  ,  96  

 A similar relationship was found between 
macular BRVO and hypertension. 75  In two case 
series, hypertension was more prevalent in 
patients with major BRVO than in patients with 
macular BRVO. 78  ,  83  There is some evidence that 
hypertension may be more strongly associated 
with BRVO than CRVO. 8  The prevalence of 
hypertension was found to be higher in BRVO 
than CRVO or HCRVO in 1,090 consecutive 
cases of pooled RVO. 75  

 A retrospective study of cases of bilateral 
BRVO found that hypertension was the only pre-
dictive risk factor. 119   

    6.2.1.3   Central Retinal Vein Occlusion 

 The prevalence of hypertension among patients 
with CRVO in various case series is 
34–75%. 6  ,  39  ,  58  -  60  ,  69  ,  74  ,  84  ,  89  ,  90  ,  117  ,  118  ,  179  ,  207  In a case series 
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that  compared prevalences of systemic associa-
tions to a gender-, race-, and age-matched national 
cohort, hypertension was more prevalent in pooled 
CRVO and HCRVO than in the comparison 
group. 75  In that study, the proportion of patients 
with hypertension was consistently higher in 
patients with ischemic CRVO than in patients with 
nonischemic CRVO across the three age groups 
examined. 75  Not all studies are in agreement. 39  

 In a meta-analysis of ten pooled, mostly case-
control studies, the overall OR for systemic 
hypertension as a risk factor for CRVO was 3.8 
(95% CI 1.9–7.4). 142  Other case-control studies 
not in the meta-analysis are in agreement and fur-
ther demonstrate a gradient of increasing risk as 
either DBP or SBP increases. 142  The risk gradient 
is steeper for SBP than for DBP. 99  ,  181  

 Hayreh has made a point of differentiating 
hypertension at home from that present in the 
doctor’s of fi ce. He emphasizes that the dangers 
of treating hypertension present only at the doc-
tor’s of fi ce may outweigh the bene fi ts of treating 
hypertension at home. 72  

 Several studies have found no differences in 
the systemic associations of CRVO and HCRVO, 
leading them to pool the two groups. 6  ,  75  The asso-
ciation of hypertension with HCRVO is widely 
considered to be the same as with CRVO.   

    6.2.2   Diabetes Mellitus 

 Diabetes mellitus is a risk factor for all forms of 
RVO for biologically plausible reasons. It leads to 
changes in endothelium and the clotting and 
 fi brinolytic system that can be summarized as a 
hypercoagulable state. 24  For all forms of RVO, the 
importance of diabetes as a risk factor is secondary 
to that of hypertension and hyperlipidemia. 36  ,  142  

    6.2.2.1   Pooled Retinal Vein Occlusion 

 In a retrospective study using a national insur-
ance database, the prevalence of diabetes among 
patients with RVO was 43.4% compared to 3.1% 
among age- and gender-matched controls 
( P  < 0.001). 81  Case-control studies vary in whether 
they show an association between pooled RVO 

and diabetes with some showing an association 
and others not. 147  ,  151 In a meta-analysis of 21 pooled 
studies, the pooled OR for diabetes as a risk factor 
for pooled RVO was 1.5 (95% CI 1.1–2.0) 
and other studies since    not included in that meta-
analysis are consistent. 36  ,  142  ,  147  The PAR% for dia-
betes as a factor contributing to RVO was 4.9% 
(95% CI 0.8–11.5%). 142  

 In the BDES, diabetes was more prevalent 
among subjects with RVO than subjects without 
pooled RVO (18.4% vs. 8.9%, respectively, 
 P  = 0.04). On the other hand, in the BMES, no 
difference was found in the prevalence of diabe-
tes among subjects with pooled RVO compared 
to subjects without RVO (8.6% vs. 7.7%, respec-
tively;  P  = 0.79). 31  In accord with this result, fast-
ing blood glucose was not a risk factor for 
prevalence of pooled RVO in the BMES. 132  In a 
population-based study from Japan, there was no 
association of diabetes and pooled RVO. 206  

 Fasting serum glucose was not a risk factor for 
incidence of pooled RVO in the BMES. 32   

    6.2.2.2   Branch Retinal Vein Occlusion 

 Patients with BRVO have a higher area of immu-
noreactive insulin in plasma during oral glucose 
tolerance testing than normal control patients, 
indicating insulin resistance. 143  In multiple case 
series, the prevalence of diabetes mellitus in 
patients with BRVO has been reported to range 
from 3% to 33%. 6  ,  17  ,  39  ,  58  ,  69  ,  84  ,  148  ,  163  ,  173  ,  193  ,  195  ,  207  In a 
case series that compared prevalences of systemic 
associations to a gender-, race-, and age-matched 
national cohort, diabetes was more prevalent in 
BRVO patients less than 45 years old than in an 
historical comparison group. 75  This association 
did not hold for patients 45 years or older. 75  

 In three case-control studies, prevalence of 
diabetes did not differ between patients with 
BRVO and the control groups. 39  ,  84  ,  147  In the 
EDCCS, presence of diabetes was a risk factor 
for BRVO in univariate analysis, but not in multi-
variate analysis. 180  However, the small sample 
sizes of most case-control studies limits the sta-
tistical power to detect a difference. In a meta-
analysis of 11 pooled case-control studies, the 
pooled OR for diabetes as a risk factor for BRVO 
was 1.1 (95% CI 0.8–1.5). 142  
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 In the BDES, diabetes mellitus was a risk fac-
tor for prevalence of BRVO with an OR of 2.43 
(95% CI 1.04, 5.70), but not for 5- or 15-year 
incidence of BRVO. 95  ,  96   

    6.2.2.3   Central Retinal Vein Occlusion 

 Among patients with CRVO and no diagnosis of 
diabetes, 23% have been reported to have an 
abnormal glucose tolerance test. 71  In many case 
series of patients with CRVO, the prevalence of 
diabetes in patients with CRVO has ranged from 
6% to 75%. 6  ,  17  ,  39  ,  58  -  60  ,  69  ,  74  ,  89  ,  90  ,  117  ,  118  ,  207  In a case 
series that compared prevalences of systemic 
associations to a gender-, race-, and age-matched 
national cohort, diabetes was more prevalent in 
ischemic CRVO than in the comparison group. 75  
This was not true for nonischemic CRVO. 75  

 Individual case-control series are inconsistent; 
some  fi nding and others not  fi nding an associa-
tion between diabetes and CRVO. 39  ,  99  ,  147  ,  181  In a 
meta-analysis of ten case-control studies, the 
pooled OR for diabetes as a risk factor for CRVO 
was 2.0 (95% CI 1.2–3.4). 142  

 The BDES studied risk factors for 15-year 
incidence of CRVO and in a multivariate analysis 
found diabetes to be an independent risk factor 
with OR 6.35 (95% CI 1.90–21.27,  P  = 0.003). 96    

    6.2.3   Hyperlipidemia 

 Certain forms of hyperlipidemia are associated 
with atherosclerosis and arterial disease, so the 
inconsistently observed association with RVO is 
plausible. 190  Distinctions must be made between 
classes of lipids, because some appear to be pro-
tective (e.g., high-density lipoprotein (HDL) cho-
lesterol), whereas others appear to be risk factors 
(e.g., low-density lipoprotein (LDL) choles-
terol). 174  ,  206  When associations have been detected, 
they have generally been weaker than the associ-
ation with hypertension. 

    6.2.3.1   Pooled Retinal Vein Occlusions 

 In a retrospective study using a national insur-
ance database, the prevalence of hyperlipidemia 
among patients with RVO was 53.1% compared 

to 1.3% among age- and gender-matched con-
trols. 86  In various case-control studies, some have 
reported an increased prevalence of hyperlipi-
demia among patients with pooled RVO and oth-
ers not. 39  ,  142  ,  147  In a meta-analysis of 21 pooled 
studies, the overall OR for hyperlipidemia as a 
risk factor for RVO was 2.5 (95% CI 1.7–3.7). 142  
The PAR% for hyperlipidemia as a factor con-
tributing to RVO was 20.1% (95% CI 
5.9–43.8%). 142  

 In a population-based study from Japan, there 
was no association of total cholesterol, triglycer-
ides, or HDL cholesterol and prevalence of 
pooled RVO. 206  In the BMES, there was no asso-
ciation between 10-year incidence of pooled 
RVO and any of the following lipid measure-
ments – total cholesterol, HDL cholesterol, or 
serum triglycerides. 32   

    6.2.3.2   Branch Retinal Vein Occlusion 

 The reported prevalence of hypercholesterolemia 
in BRVO has ranged from 10% to 79% across 
sampled populations. 39  ,  58  ,  87  ,  147  ,  195  In the EDCCS, 
presence of hyperlipidemia was a risk factor for 
BRVO. 180  An increasing HDL cholesterol was a 
protective factor against BRVO. 180  Total choles-
terol was not a risk or protective factor for 
BRVO. 180  In a meta-analysis of 11 pooled case-
control studies, the pooled OR for hyperlipidemia 
as a risk factor for BRVO was 2.3 (95% CI 
1.5–3.5) and other case-control studies since that 
meta-analysis have been in agreement. 142  ,  147  

 In the BDES, none of the following were asso-
ciated with prevalence or 5-year incidence of 
BRVO: serum total cholesterol, serum HDL cho-
lesterol, or total cholesterol to HDL cholesterol 
ratio. 95  In the BDES after adjusting for age, HDL 
cholesterol was not associated with 15-year inci-
dence of BRVO. 96   

    6.2.3.3   Central Retinal Vein Occlusion 

 Elevated serum cholesterol has been reported in 
8–72% of patients with CRVO. 6  ,  39  ,  87  ,  118  ,  147  Elevated 
serum total lipoprotein and triglycerides have 
been reported in 9–33% of patients with 
CRVO. 6  ,  39  ,  68  ,  87  ,  123  In one case series of 612 patients, 
the proportions of patients with CRVO with 
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hyperlipidemia were similar for nonischemic 
and ischemic CRVOs (7.5% and 8.4%, 
respectively). 75  

 In a meta-analysis of ten pooled case-control 
studies, the overall OR for systemic hyperlipi-
demia as a risk factor for CRVO was 2.9 (95% CI 
1.5–5.8) and other studies since that meta-analy-
sis have been in agreement. 142  ,  147  Other case-con-
trol studies support an association of mean serum 
cholesterol, serum triglyceride, and VLDL trig-
lyceride levels with CRVO. 39  An elevated HDL 
cholesterol level has been reported to be protec-
tive for CRVO. 181    

    6.2.4   Cardiovascular Disease 

 Because several risk factors for RVOs are also 
risk factors for arterial thromboembolic events, 
several studies have examined associations 
between RVOs and cardiovascular disease. 196  

    6.2.4.1   Pooled Retinal Vein Occlusion 

 The relationship of cardiovascular disease and 
pooled RVO is inconsistent in the literature. If an 
association exists, it seems weaker than that for 
hypertension. 

 In a retrospective cohort study of insurance 
claims from Taiwan, no increased 5-year risk of 
myocardial infarction was detected in patients 
with pooled RVO compared to controls without 
RVO after adjusting for possible confounding 
factors except in patients in the age group 60–69. 81  
In one case-control study, there was no statisti-
cally signi fi cant association of coronary artery 
disease with pooled RVO compared to the control 
group. Another study found a marginally 
signi fi cant association that would vanish under 
correction for multiple statistical hypothesis 
testing. 147  ,  151  

 In the BDES, there was no statistical differ-
ence between the prevalence of a history of 
angina or myocardial infarction between subjects 
with and without pooled RVO. 31  In the BMES, 
there was no statistical difference between the 

prevalence of a history of myocardial infarction 
between subjects with or without pooled RVO. 31  
On the other hand, a history of angina was more 
prevalent in subjects with pooled RVO (26.3% 
vs. 12.2%,  P  = 0.001). 31  In a population-based 
study from Japan, there was no association of 
cardiovascular disease or presence of electrocar-
diographic abnormalities and prevalence of 
pooled RVO. 206  

 In the BMES, there was no association 
between cardiovascular disease and 10-year inci-
dence of pooled RVO. 32  

 In a study that combined data from the BDES 
and BMES, pooled RVO was not associated with 
cardiovascular mortality. However, in patients 
less than 70 years old, RVO was associated with 
higher cardiovascular mortality (hazard ratio 2.5, 
95% CI 1.2–5.2). 31   

    6.2.4.2   Branch Retinal Vein Occlusion 

 In various case series, the prevalence of cardio-
vascular disease in patients with BRVO has 
ranged from 7% to 23.4%. 6  ,  58  ,  147  ,  194  In a case 
series, the prevalence of ischemic heart disease 
was higher in the patients with major BRVO than 
in patients with macular BRVO. 75  In a retrospec-
tive cohort study using insurance claims data, 
patients with BRVO had no higher risks of myo-
cardial infarction than patients without BRVO 
(relative risk 1.07, 95% CI 0.73–1.57). 196  

 In a case-control study of 84 patients with 
BRVO and 84 age- and gender-matched controls 
without RVO, the prevalence of coronary artery 
disease did not differ signi fi cantly (7.1% and 
4.8% for cases and controls, respectively). 194  In a 
case-control study of 35 patients with BRVO 
compared to an age-matched group of 19 subjects 
with hypertension and another with 17 healthy 
subjects, the group with BRVO had lower echo-
graphically de fi ned aortic distensibility and large-
arterial elasticity indices determined from 
recording radial arterial blood pressure pulse 
waveforms. 88  

 In the BDES, neither a history of myocardial 
infarction nor angina was associated with preva-
lence of BRVO. 95  Likewise, there was no associa-
tion of angina with 5-year incidence of BRVO 
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nor of cardiovascular disease and 15-year inci-
dence of BRVO. 95  ,  96   

    6.2.4.3   Central and Hemicentral Retinal 
Vein Occlusion 

 In case series of patients with CRVO, the preva-
lence of cardiovascular disease has ranged from 
11% to 36%. 6  ,  58  ,  117  ,  147  In a case series of 29 patients 
with HCRVO, 21.4% had ischemic heart disease. 6  
In a retrospective cohort study using insurance 
claims data, patients with CRVO had no higher 
risk of myocardial infarction than patients with-
out CRVO (relative risk 0.97, 95% CI 
0.55–1.72). 196  

 A case-control study found that persons with a 
history of cardiovascular disease had a 40% 
higher risk of developing CRVO compared to 
persons without a history of cardiovascular dis-
ease. 181  Patients with severe electrocardiographic 
abnormalities had a 60% higher risk of develop-
ing CRVO compared to persons without electro-
cardiographic abnormalities. 181  A case-control 
study found that persons with a history of atrial 
 fi brillation had 2.47 times the risk of developing 
CRVO compared to persons with no history of 
atrial  fi brillation ( P  = 0.036). 99   

    6.2.4.4   Stroke 

 Because they share common risk factors, several 
studies have examined associations between 
RVOs and stroke. 196  However, evidence of an 
association of stroke and pooled RVO is inconsis-
tent. In a retrospective cohort study of insurance 
claims from Taiwan, no increased 5-year risk of 
stroke was detected in patients with pooled RVO 
compared to controls without RVO, after adjust-
ing for possible confounding factors, except in 
patients in the age group 60–69. 81  A case-control 
study from Sardinia found no association of 
stroke and pooled RVO. 147  In the BDES, there 
was no statistical difference between the preva-
lence of a history of stroke between subjects with 
and without pooled RVO. 31  In the BMES, a his-
tory of stroke was more prevalent in subjects with 
pooled RVO than those without (15.8% vs. 4.9%, 
 P  = 0.002). 31  In the BMES, there was no associa-
tion between a history of stroke and 10-year 

 incidence of pooled RVO. 32  In a study of com-
bined data from the BDES and BMES, pooled 
RVO was not associated with stroke mortality. 

 Similarly, the evidence linking stroke and 
BRVO is inconsistent. In a large case series that 
compared prevalences of systemic associations to 
gender-, race-, and age-matched national cohort, 
cerebrovascular disease was more prevalent in 
BRVO than in the comparison group. 75  In a case-
control study of 84 patients with BRVO and 84 
age- and gender-matched controls without RVO, 
the prevalence of stroke did not differ signi fi cantly 
(5.9% and 3.6% for cases and controls, respec-
tively). 194  In a logistic regression analysis, the OR 
for BRVO given the presence of stroke was 1.67 
(95% CI 0.40–6.97,  P  = 0.484). 194  The proportion 
of patients with BRVO having cerebrovascular 
disease was greater than the proportion of patients 
with pooled CRVO and HCRVO. 75   

    6.2.4.5   Carotid Artery Disease and 
Peripheral Vascular Disease 

 The literature on the relationship of carotid artery 
disease and RVO is scanty, re fl ects a low level of 
evidence, and is inconsistent. An uncontrolled 
case series of 223 patients having 225 pooled 
RVOs found that 6% had carotid stenosis greater 
than 70% as an associated abnormality. The rate 
in age, sex, and other risk factor-matched con-
trols was unknown, and the results are therefore 
dif fi cult to interpret. 164  In another uncontrolled 
case series, the prevalence of obstructive carotid 
disease in patients with CRVO was not higher 
than in historical controls. 22  An uncontrolled case 
series of 40 eyes of 39 patients with CRVO had 
carotid artery evaluation that detected carotid 
artery lesions in 49%, a proportion higher than 
the authors expected, but not speci fi cally checked 
against a control group. 127  In a case series of 480 
patients having carotid ultrasonography and oph-
thalmoscopic studies, a control group of patients 
without any retinopathy was described ( n  = 227). 
This group was compared to a group of 11 
patients with CRVO and 71 patients with BRVO. 
There were no differences in intima-media thick-
ness, average number of plaques, or degree of 
stenosis of the internal carotid artery. 123  In a case 
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series of 26 patients with pooled RVO and 23 
patients with pooled retinal artery occlusions, 
carotid stenosis greater than 50% was more com-
mon in the patients with pooled retinal artery 
occlusions. 135  Based on the available evidence, 
presence of RVO is not in itself an indication to 
pursue a carotid disease workup. 

 As with carotid artery disease, investigations 
regarding associations of peripheral vascular dis-
ease and RVOs are few and not de fi nitive. In a 
large case series, patients with BRVO had a 
signi fi cantly higher prevalence of peripheral vas-
cular and venous disease than did patients with 
CRVO. 75  In a case-control study, deep venous 
thrombosis was more prevalent in 294 patients 
with BRVO than in controls (4.8% vs. 0.7%, 
 P  < 0.01). 195  In a large case series, patients with 
ischemic CRVO and nonischemic CRVO had 
similar proportions of peripheral vascular disease 
(4.1% and 4.9%, respectively). 75    

    6.2.5   Rheologic and Hematologic 
Abnormalities 

 Although many early studies suggested that rheo-
logic and hematologic abnormalities might be 
associated with RVO, the possible effects of con-
founding became clearer later, and more recent 
studies suggest that rheologic and hematologic 
associations are weaker than earlier supposed. 198  
There are many technical and interpretational 
dif fi culties with these types of studies. Controls 
must be appropriately chosen, as gender affects 
hematocrit (males have higher values). 198  Age, 
gender, and smoking can affect erythrocyte 
aggregation. Therefore, laboratory comparisons 
of erythrocyte aggregation need to be adjusted 
for these potential confounding variables. 26  ,  61  
Moreover, patients with CRVO and BRVO should 
not be pooled when investigating associations 
involving whole-blood viscosity, because ESR 
is elevated in CRVO, but not in BRVO, and 
because an elevated ESR can in fl uence whole-
blood viscosity. 200  In tests of platelet aggrega-
tion, it is important to adjust for levels of serum 
lipids which can affect this variable. 41  With the 

exception of those clinicians who use isovolumic 
hemodilution, it is unusual for a hematologic or 
rheologic abnormality to drive a therapeutic 
response in the management of RVO. 

 There are so many possible laboratory associa-
tions with RVO that how these  fi ndings might 
in fl uence patient management is problematic. For 
example, in an uncontrolled case series of 535 con-
secutive patients with CRVO, HCRVO, and BRVO, 
Hayreh and colleagues have reported on the preva-
lence of abnormalities of many hematologic and 
assorted other laboratory tests including hemat-
ocrit, hemoglobin, white blood cell count, platelet 
count, erythrocyte sedimentation rate, blood urea 
nitrogen, creatinine, glucose, cholesterol, triglycer-
ides, total protein, albumin, uric acid, calcium, 
phosphorus,  fl uorescence treponemal antibody, 
Venereal Disease Research Laboratory antigen, 
and antinuclear antibody. 79  CRVO and HCRVO 
were classi fi ed as ischemic and nonischemic. 
BRVO was classi fi ed as major and macular. The 
highest prevalences of abnormalities were blood 
urea nitrogen found in 46.6% of patients with isch-
emic CRVO and HCRVO pooled into a single 
group, and antinuclear antibodies, found in 45.7% 
of patients with nonischemic HCRVO. 79  Many tests 
had prevalences of abnormalities greater than 10%, 
and no recommendations were offered for how the 
results of such testing might be useful in the care of 
patients with RVO. Without correction for multiple 
statistical hypothesis testing, there were a few tests 
that had statistically signi fi cant differences across 
different types of RVO, but none of the differences 
persist if correction is applied for the many tests 
applied in the paper. 79  The ability to interpret this 
wealth of data is hampered by the lack of a control 
group in the study to allow for comparison of the 
reported prevalences of abnormal laboratory 
values. 79  

 The associations of rheologic and hematologic 
variables with pooled RVO that have been 
reported in the literature are inconsistent as por-
trayed in Table  6.2 . None of these laboratory 
studies is routinely obtained in the clinical care of 
patients with RVO.  

 In the BMES in which 10-year incidence of 
pooled RVO was the outcome variable, there was 
no association with hemoglobin, hematocrit, white 
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   Table 6.2    Associations of rheological and hematologic variables with retinal vein occlusions   

 Rheologic/hematologic 
variable  Type RVO 

 Difference 
noted 

 No difference 
noted  Comment 

 Whole-blood viscosity  Pooled ischemic RVO  Higher 184  
 Pooled nonischemic RVO   184  
 Pooled RVO   159  ,  198  
 BRVO   145  
 CRVO  Higher 200  

 Plasma viscosity  Pooled ischemic RVO  Higher 159  *,  184   *Not adjusted for ESR, 
absence of gender 
distribution 

 Pooled nonischemic RVO   184  
 Pooled RVO  Higher 9  ,  57  ,  157    189  
 BRVO   39  
 CRVO  Higher 9  ,  57  ,  157  ,  200    39  

 Hematocrit  Pooled ischemic RVO  Higher 159#  ,  184  *   *Disproportionate 
percentage of men in the 
ischemic group, #  absence 
of gender information 

 Pooled nonischemic RVO   184  
 Pooled RVO   9  ,  57  ,  157  ,  206    61  ,  189  
 BRVO   87  **  
 CRVO   9  ,  57  ,  162  ,  200    87  **,  181  

 Fibrinogen  Pooled ischemic RVO  Higher 184  
 Pooled nonischemic RVO   184  
 Pooled RVO   159    61  
 CRVO  Higher 181    200  

 Fibrinopeptide A  Pooled ischemic RVO  Higher 184  
 Pooled nonischemic RVO   184  
 Pooled RVO 

 Fibrin degradation 
products 

 CRVO   184  

 Beta-thromboglobulin  Pooled ischemic RVO  Higher 184  
 Pooled nonischemic RVO   184  
 Pooled RVO  Higher 41  ,  184  
 BRVO 
 CRVO 

 Platelet aggregation  Pooled RVO  Higher 41  
 BRVO   205  
 CRVO  Higher 205  

 Platelet factor IV  Pooled RVO 
 ESR  Pooled RVO  Higher 26  ,  61  ,  181  

 HCRVO  Higher 174  
 Erythrocyte aggregation  Pooled RVO  Higher 9  ,  57  ,  157  

 CRVO  Higher 9  ,  57  ,  157  
 Cation-osmotic 

hemolysis 
 BRVO  Lower 102  
 CRVO  Lower 102  

 Erythrocyte 
deformability 

 BRVO  Lower 102  
 CRVO  Lower 102  

 Platelet count  Pooled RVO   206  
 BRVO   87  
 CRVO   87  ,  184  

(continued)
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blood cell count, red blood cell count, platelet count, 
or serum  fi brinogen. 32  In the BDES, hematocrit, 
white blood cell count, and platelet count were not 
associated with prevalence, 5-year incidence of 
BRVO, or 15-year incidence of BRVO. 95  ,  96   

    6.2.6   Coagulation Abnormalities 

 Coagulation abnormalities are classi fi ed as pri-
mary and secondary. Primary abnormalities rep-
resent genetic mutations that alter the normal 
coagulation pathways. These are covered in 
Chap.   3    . Secondary abnormalities arise from 
acquired conditions such as malignancy, preg-
nancy, diabetes mellitus, or use of certain drugs. 75  
Many studies do not make a distinction between 
types of coagulation abnormalities and simply 
report coagulation protein levels and associations 
between levels and RVO. This chapter concen-
trates on these types of studies in which a genetic 
characteristic has not been isolated. In the future, 
when genetic studies of these factors and their 
relationships to RVO have been explored, several 
of the following sections will be better grouped 
in the chapter on genetics and RVO. 

 Some studies have not found differences in 
prevalences of hypercoagulability across catego-
ries of RVO and have therefore pooled patients 
with CRVO, HCRVO, and BRVO. 1  The validity 
of these groupings has been questioned. 183  

    6.2.6.1   Antiphospholipid Antibodies 

 Antiphospholipid antibodies (APLAs) are poly-
clonal immunoglobulins that bind to anionic 

phospholipids in cell membranes and proteins of 
the coagulation cascade. 97  They promote expres-
sion of adhesion molecules on the surface of 
endothelial cells potentially causing a state of 
hypercoagulability. 30  ,  50  ,  190  They are found in 
1–9.1% of the general population, usually in low 
titers, and in such instances may represent a 
marker of vascular injury without thrombogenic 
importance. 190  

 APLAs prolong coagulation tests in vitro, yet 
paradoxically promote thrombosis in vivo, prob-
ably by in fl uencing phospholipids of platelet and 
vascular endothelial cell walls and by interacting 
with coagulation factors. 42  ,  140  ,  160  Their anticoagu-
lant effects in vitro arise because they bind to the 
partial thromboplastin that is added to plasma to 
conduct the prothrombin (PT) or partial thrombo-
plastin time (PTT) tests. 97  A prolonged PTT is the 
most common abnormal clotting test in the pres-
ence of APLAs. The PT may be normal or slightly 
prolonged. 97  ,  113  ,  197  To be considered as a factor in 
disease etiology, high titers of APLAs are 
required. 160  

 APLAs include the lupus anticoagulant (LA), 
anticardiolipin antibody (ACA), and antibodies 
that produce a false positive VDRL test for syphi-
lis. They can be directed against B2 glycoprotein 
I, phosphatidylserine, and double-stranded DNA, 
but the most important ones are IgG ACA, IgM 
ACA, and the LA. 139  The antiphospholipid anti-
body syndrome is de fi ned as arterial or venous 
thrombosis with a medium or high titer of an 
APLA on two occasions separated by 6 months, 
thrombocytopenia, or recurrent spontaneous abor-
tions due to placental insuf fi ciency. 13  ,  182  The syn-
drome can be found in association with an 

Table 6.2 (continued)

 Rheologic/hematologic 
variable  Type RVO 

 Difference 
noted 

 No difference 
noted  Comment 

 White blood cell count  Pooled RVO   206  
 BRVO   82  
 CRVO   82  
 CRVO   191  

  In the third column, the word higher means that the variable was found to be higher in the class of RVO considered for 
that row compared to controls 
 **Hemoglobin was tested rather than hematocrit  

http://dx.doi.org/10.1007/978-1-4614-3439-9_3
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underlying autoimmune systemic diseases such 
as systemic lupus erythematosus. In the absence 
of an associated disease, it is called the primary 
antiphospholipid antibody syndrome. 13  ,  182  APLAs 
can be associated with neoplastic diseases, and 
certain drugs including chlorpromazine, hydrala-
zine, phenytoin, procainamide, and quinidine. 97  

 Although the rate of retinal abnormalities in 
patients with primary antiphospholipid syndrome 
is variable, ranging from 7% to 88% in different 
studies, the prevalence of antiphospholipid anti-
bodies in patients with RVO is not well de fi ned. 25  ,  55  
Arterial thrombosis is more commonly associ-
ated with antiphospholipid syndrome than venous 
thrombosis, but isolated RVO and other venous 
thrombotic events in association with the syn-
drome can occur. 113  ,  197  The association of APLAs 
and RVO has been inconsistent in the litera-
ture. 13  ,  30  ,  56  ,  71  ,  116  ,  160  ,  199  Laboratory testing for 
antiphospholipid antibodies is not standardized, 
and it is dif fi cult to generalize from small case 
series. In a meta-analysis of 12 case-control stud-
ies of pooled RVO up to 2006, four showed an 
association with APLAs and eight did not. 190  The 
same meta-analysis reviewed  fi ve studies of 
CRVO and APLAs, and an association was found 
in three. 185  

 Although few would advocate the routine 
screening for APLAs in any age patient with 
RVO, one should probe the medical history for a 
pattern that might suggest the need to pursue this 
line of inquiry. Speci fi cally, a previous personal 
or family history of spontaneous abortions or 
arterial or venous thrombotic events should 
prompt investigation for APLAs. 149  ,  183   

    6.2.6.2   Factor VII 

 Elevation of factor VII is procoagulant. Factor 
VII is present in plasma in inactivated and acti-
vated forms. The activated form is typically 1% 
of the total plasma factor VII. Some assays do not 
distinguish the two forms, which can confound 
the interpretation of results. 87  In a pooled case-
control study of 54 cases of CRVO and BRVO 
with 19 controls, median activated factor VII lev-
els were signi fi cantly higher in patients with RVO 
compared to controls (74 and 90 mU/ml for 

CRVO and BRVO, respectively, compared to 
42 mU/ml for controls,  P  = 0.0004). 87  There was 
no statistically signi fi cant difference in mean fac-
tor VII levels between patients with CRVO and 
population-based controls in a study from 
England. 200  Too few studies have examined this 
factor to be able to reach a conclusion regarding 
its signi fi cance in RVO.  

    6.2.6.3   Factor VIII 

 Elevated factor VIII is thrombophilic. 62  There 
was no statistically signi fi cant difference in mean 
factor VII levels between patients with CRVO 
and population-based controls in two studies 
from England. 19  ,  200  Likewise, in a case-control 
study of 42 chronic pooled RVOs, there was no 
difference in factor VIII activity between the 
groups. 184  In a separate case-control study, ele-
vated factor VIII was present in 3 of 30 patients 
with pooled CRVO/BRVO and none of 40 con-
trols,  P  = 0.041. 62   

    6.2.6.4   Lipoprotein a 

 Lipoprotein a (Lp(a)) inhibits the conversion of 
plasminogen to plasmin and therefore is proco-
agulant. Studies examining a possible association 
of Lp(a) with RVO are dif fi cult to interpret 
because there is no accepted range of normal for 
this test. As a result, investigators must make an 
arbitrary decision about what to consider as the 
normal cutpoint. 158  The choice of the cutpoint can 
change the conclusions of the study. 158  In a case-
control study of 262 patients with pooled RVO 
and 262 age- and gender-matched controls, Lp(a) 
levels greater than 300 mg/l were associated with 
RVOs in multivariate models that controlled for 
age, sex, and vascular risk factors (OR 2.15, 95% 
CI 1.39–3.32). 171  In a case-control study of 40 
patients with CRVO and no known risk factors, 
lipoprotein a was elevated in the patients with 
CRVO compared to the controls. 11  In a case-con-
trol study of 132 patients with pooled RVO and 
52 controls matched for age, sex, and cardiovas-
cular risk, Lp(a) levels greater than 300 mg/l 
were not associated with RVOs, but when the cut-
point for abnormality was changed to 100 mg/l, 
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an association with RVOs was present ( P  = 0.02). 158  
Because lipoprotein a levels are primarily geneti-
cally determined and are little in fl uenced by 
interventions designed to treat hyperlipidemia 
such as diet changes, bile salt, or  fi sh oil supple-
ments, as well as the use of chelating resins, 
statins, or  fi brates, there is little incentive to 
determine the status of a patient with RVO with 
respect to this variable. 158   

    6.2.6.5   Von Willebrand Factor 

 Higher levels of von Willebrand factor are pro-
thrombotic. However, the results of studies seeking 
any association of VWF and CRVO are inconsis-
tent. There was a statistically signi fi cantly higher 
mean factor von Willebrand Factor level in patients 
with CRVO compared to population-based controls 
in a study from England. 200  In a case-control study 
of 63 cases and 63 controls, the median VWF was 
not statistically different in the two groups. 19   

    6.2.6.6   Other Coagulation Factors 

 Table  6.3  lists several other coagulation factors 
that have been examined for association with RVO. 
Although some factors have associations, the evi-
dence is not suf fi ciently strong to indicate that 
these factors need to be checked in clinical care.    

    6.2.7   Hyperhomocysteinemia 

 Increased plasma homocysteine concentration is 
atherogenic and prothrombotic through many 
mechanisms, including induction of a secondary 
increase in factor V; activation of factors V, X, 
and XII; reduction in protein C activation, plas-
minogen activator binding; reduced nitric oxide 
bioavailability; reduced prostacyclin synthesis; 
inhibition of thrombomodulin and heparin sulfate 
expression; increased oxidative stress; a mito-
genic effect on arterial smooth muscle cells; 
increased expression of stress-related genes; and 
endothelial damage. 22  ,  37  ,  65  ,  137  ,  154  ,  194  The biochemis-
try of the metabolic pathway in which homo-
cysteine is an intermediary amino acid was 
covered in Chap.   1    . Plasma homocysteine con-
centrations are affected by genetic in fl uences and 
by behavioral and dietary in fl uences. The genetic 
in fl uences are covered in Chap.   3    . This chapter 
covers studies of association of the presence of 
RVO and hyperhomocysteinemia from whatever 
cause. In these studies, no attempt has been made 
to isolate the genetic effect, and therefore they 
sample patients with both primary and acquired 
hyperhomocysteinemia. 

 Among the nongenetic conditions that elevate 
plasma homocysteine concentrations are renal 

   Table 6.3    Association of lesser studied coagulation factors and cofactors, variables, and retinal vein occlusions   

 Coagulation variable  Type RVO  Difference noted  No difference noted 

 Prothrombin  Pooled RVO   155  
 Prothrombin fragment 1.2  CRVO  Higher 11  
 D-dimer  CRVO  Higher 11  
 Soluble endothelial protein C receptor concentration  BRVO   66  

 CRVO  Higher 66  
 Factor VIII antigen  Pooled RVO  Higher 184  
 Factor VIII activity  Pooled RVO   184  
 Factor IX  CRVO   200  
 Protein Z  Pooled RVO   100  
 Thrombin-antithrombin complex  Optic disc sited RVO  Higher 82  

 BRVO   82  
 CRVO  Higher 82  
 HCRVO  Higher 82  

 Plasminogen activator inhibitor-1  CRVO  Higher 122  
 Plasminogen activator  Pooled RVO  Lower 49  

   RVO  stands for retinal vein occlusion,  BRVO  stands for branch retinal vein occlusion,  CRVO  stands for central retinal 
vein occlusion  

http://dx.doi.org/10.1007/978-1-4614-3439-9_1
http://dx.doi.org/10.1007/978-1-4614-3439-9_3
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insuf fi ciency, diabetes mellitus, hypothyroidism, 
organ transplantation, psoriasis, and cancer; low 
intake of vitamins B 

6
 , B 

12
 , and folate; use of 

exogenous estrogens, carbamazepine, phenytoin, 
antifolates, and tricyclic antidepressants; smok-
ing; and consumption of alcohol and caf-
feine. 22  ,  54  ,  137  ,  193  Mean plasma homocysteine shows 
variation across countries because of genetic 
variation, variation in diet and vitamin use, and 
differences in prevalence of clinical conditions 
in fl uencing homocysteine concentrations. 133  ,  137  ,  194  
Moreover, normal values depend on gender with 
values in males elevated 25% on average com-
pared to premenopausal females. 22  ,  111  Mean 
plasma homocysteine concentration varies from 
6  m mol/l in Japan to 14.7  m mol/l in South Asian 
Indians. 133  ,  137  The de fi nitions of hyperhomo-
cysteinemia vary across studies as well. They are 
typically based on the principle that a value is 
classi fi ed as high if it exceeds the 95th percentile 
for the population, which varies. 193  

 The relationship of plasma homocysteine to 
RVO has been inconsistent across studies. The 
inconsistency may result from the control groups 
chosen in the many case-control studies. Various 
studies have chosen controls from the general 
population, from healthy adults, blood donors, 
and clinic or hospital patients matched on one or 
more factors. 146  Failure to match cases and con-
trols for age, gender, and atherosclerotic risk fac-
tors introduces confounding, as homocysteine 
depends on these characteristics. 37  ,  146  Plasma 
homocysteine should be tested on fasting sam-
ples; nonfasting samples could be confounded by 
this pitfall. 38  ,  189  One study reported an inverse 
correlation of plasma homocysteine concentra-
tion and time that the sample was drawn after the 
acute event, introducing yet another source of 
variation across studies. 193  The stronger studies 
examine plasma homocysteine within a week of 
the acute event. 37  

 A latent tendency to develop elevated plasma 
homocysteine can be detected in patients with a 
normal fasting plasma homocysteine by use of a 
methionine loading test. In this test performed in 
a fasting state, 0.1 g/kg body weight of oral meth-
ionine is given followed by plasma concentration 
testing 8 h later. 111  This provocative test may 

detect latent hyperhomocysteinemia in up to 28% 
of patients with normal plasma homocysteine. 18  

    6.2.7.1   Pooled Retinal Vein Occlusion 

 The evidence regarding a relationship of plasma 
homocysteine and pooled RVO is generally con-
sistent across studies. In a meta-analysis of ten 
case-control studies, nine suggested an associa-
tion between elevated serum homocysteine and 
RVO. 22  ,  183  The one that did not was limited to 
patients of less than 50 years of age. 22  ,  109  Since 
that meta-analysis, more recent studies have sup-
ported an association of plasma homocysteine 
and pooled RVO. 172  

 The BMES examined the relationship of total 
plasma homocysteine to prevalence of pooled 
RVO. In a multivariate analysis controlling for 
age, sex, hypertension, and an interaction of age 
and smoking, an elevated total plasma homo-
cysteine (greater than 15  m mol/l) was not associ-
ated with prevalence of RVO among persons 
older than 70 years (OR 1.51, 95% CI 0.71–
3.22). In patients less than 70 years of age, an 
association was noted (OR 3.76, 95% CI 1.06–
13.40). 29  The absence of an association in the 
older cohort may have been an artifact of a low 
prevalence. 29   

    6.2.7.2   Branch Retinal Vein Occlusion 

 The evidence regarding an association of hyper-
homocysteinemia and BRVO is inconsistent. In a 
meta-analysis of three case-control studies 
through 2003, all showed an association. 22  Since 
that meta-analysis, two other studies have not 
con fi rmed the association, although small sample 
sizes could have prevented the detection of any 
true, small difference. 144  ,  204   

    6.2.7.3   Central and Hemicentral Retinal 
Vein Occlusion 

 Case reports and uncontrolled case series have 
linked CRVO and hyperhomocysteinemia. 16  
Case-control studies associating raised plasma 
homocysteine and CRVO have been inconsis-
tent. 22  Vine found hyperhomocysteinemia to be 
twice as prevalent in patients with bilateral CRVO 
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(55%) as in patients with unilateral CRVO 
(21.6%) in whom there was already an increased 
prevalence compared to a control group 
( P  = 0.003). 188  This study has been criticized for 
failing to match cases and controls. 19  The study 
by Martin showing an association has been criti-
cized because cases were older than controls, 
and homocysteine concentration is age-depen-
dent. 19  ,  125  In a meta-analysis of eight case-control 
studies through 2003, six supported an associa-
tion of hyperhomocysteinemia and CRVO. 22  
Since that meta-analysis, three of eight additional 
case-control studies have found a positive asso-
ciation of hyperhomocysteinemia and CRVO 
(Table  6.4 ).  

 An interaction of hyperhomocysteinemia with 
perfusion status in CRVO has been sought and 
sometimes found. Lattanzio and colleagues found 
no dependence on perfusion status of the associa-
tion of hyperhomocysteinemia and CRVO in 56 
patients with CRVO less than 56 years old. 111  
Others have found an association of prevalence 
of ischemic CRVO with hyperhomocysteinemia, 
but no association for nonischemic CRVO. 54  ,  188  ,  189  
Bilateral CRVO has been associated with hyper-
homocysteinemia in 55% of patients. 188  Taking 

the evidence in total, the association of homo-
cysteine and CRVO is weak if present. 

 Some studies looking at the association of 
plasma homocysteine and HCRVO have pooled 
these cases with cases of CRVO. 23  The results for 
HCRVO have not been analyzed separately. 23    

    6.2.8   Serum Folate 

 Serum folate may have a direct and indirect asso-
ciation with RVO. Increasing serum folate causes 
a decrease in plasma homocysteine. 22  The evi-
dence supporting a role for serum folate in RVO 
is inconsistent. In a case-control study of 20 
cases of pooled RVOs and 20 controls, there was 
no difference between the mean serum folate 
level of cases and controls. 20  In a case-control 
study of 84 patients with BRVO and 84 gender- 
and age-matched controls, mean serum folate 
was signi fi cantly lower in the BRVO group 
(4.5 ± 2.1 ng/ml vs. 5.6 ± 2.1 ng/ml,  P  = 0.007). 194  
In a conditional logistic regression model includ-
ing several signi fi cant risk factors including 
plasma homocysteine, an increase of serum 

   Table 6.4    Recent studies of the association of hyperhomocysteinemia and central retinal vein occlusion   

 Study, country   N  cases/ N  controls 
 Mean plasma [H] 
 m mol/l, patients 

 Mean plasma [H] 
 m mol/l, controls 

 OR for CRVO compared 
to controls (95% CI)   P  

 Moghimi   , 134  Iran  54/51  14.8 ± 7.7  11.4 ± 3.7  1.19 (1.06–1.34)  0.004 
 Yaghoubi et al., 204  

Iran 
 10/24  16.5 ± 6.2  13.4 ± 4.1  0.0948 

 Lattanzio et al., 111  
Italy 

 58/103  8.6 ± 3.7  10.7 ± 5.1  0.002 

 Boyd et al., 19  
England 

 63/63  12.4 a   11.6 a   1.06  0.2 

 Narayanasamy 
et al., 137  India 

 29/57  19.12 ± 13.17  14.7 ± 6.2  0.0411 

 Pinna et al., 146  
Italy 

 33/72  10.7(7.2–22.3)  10.8(4.8–20.5)  0.99 

 Di Crecchio 
et al., 37  Italian 

 31/31(2 control 
groups, 31 each) 

 10.6 c   10.39 c   0.674 

 Gao et al., 54  
China 

 64/64  13.83 ± 1.71  8.05 ± 0.58  1.368 b   0.003 

  Studies published before 2006 are found in Cahill and colleagues 22  and Tourville and Schachat. 183  
 [ H ] stands for homocysteine concentration 
  a Median 
  b OR for CRVO associated with each 1  m mol/l increase in homocysteine concentration 
  c No SD reported     
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folate of 1 ng/ml was associated with an OR of 
0.83 (95% CI 0.72–0.98,  P  = 0.03), suggesting 
that serum folate has a protective effect indepen-
dent of its effect on plasma homocysteine. 194  The 
same researchers also reported signi fi cantly 
lower serum folate levels in 78 cases of CRVO 
compared to 78 controls in a study from 
Austria. 193  However, in a case-control study of 
29 South Asian Indian patients with CRVO 
between ages 20 and 40 and 57 age- and gender-
matched controls, there was no signi fi cant differ-
ence in mean levels of serum folate. 137  On 
balance, insuf fi cient information has been pub-
lished to establish an association of low serum 
folate and RVO.  

    6.2.9   Serum B12 

 A low serum B12 level can cause plasma homo-
cysteine concentration to secondarily increase. 
Four case-control studies of RVO have failed to 
 fi nd a difference in serum vitamin B12 levels 
between cases and controls. One studied pooled 
RVOs, one BRVO, and two CRVO. 20  ,  137  ,  193  ,  194  
Although only 211 patients with RVO have been 
studied in these four reports, there is little to sug-
gest that vitamin B12 is an important risk factor 
for RVO.  

    6.2.10   Smoking 

 The literature on smoking and its relationships to 
pooled RVO, BRVO, and CRVO is inconsistent. 
In both the BDES and the BMES, there was no 
association between a history of smoking and the 
prevalence of pooled RVO. 31  When adjusted for 
glaucoma and age, however, a smoking history 
was a protective factor against prevalent RVO 
with an OR of 0.5 (95% CI 0.3–0.9). 131  There was 
no association between smoking and the 10-year 
incidence of pooled RVO in the BMES. 32  In a 
population-based study from Japan, there was no 

association between a history of smoking and 
prevalence of BRVO. 206  

 In the EDCCS, presence of smoking was a 
risk factor for BRVO. 180  Another study con fi rmed 
the association, but two case-control studies 
found no association. 39  ,  193  ,  195  In the BDES, past or 
present smoking history was not associated with 
prevalent BRVO. In addition, past smoking was 
not a risk factor for 5-year incident BRVO. 
However, current smoking was a risk factor for 
5-year incident BRVO with an OR of 4.43 (95% 
CI 1.53, 12.84). 95  In the BDES, after adjusting for 
age, smoking was not associated with 15-year 
incidence of BRVO. 96  

 Smoking was not associated with CRVO in 
the EDCC, but was associated with CRVO in 
another case-control study. 123  ,  188  Smoking was 
a suggestive factor in predicting progression 
from nonischemic to ischemic CRVO in one 
study. 178   

    6.2.11   Alcohol Consumption 

 The literature on alcohol consumption and risk of 
pooled RVO, BRVO, and CRVO is inconsistent. 
A population-based study from Japan found no 
association between alcohol intake and preva-
lence of pooled RVO. 206  In the BMES, there was 
no association with alcohol consumption and 
10-year incidence of pooled RVO (age-adjusted 
OR 5.70 [95% CI1.90–17.18]). 32  

 In the EDCCS, presence of light-to-moderate 
alcohol consumption was a protective factor 
against BRVO. 180  In the BDES, neither alcohol 
consumption nor a heavy drinking history was 
associated with prevalent or 5-year incident 
BRVO. 99  In the BDES after adjusting for age, 
alcohol consumption was not associated with 
15-year incidence of BRVO. 96  

 A case-control study found that a person who 
consumes alcohol had half the risk of developing 
CRVO compared to a person who had never con-
sumed alcohol. 181  Increasing alcohol consump-
tion using a three-step scale was associated with 
protection against HCRVO. 174   
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    6.2.12   Drugs Associated with Retinal 
Vein Occlusions 

 Many reports suggest the association of a drug 
and RVO. 70  Examples include systemic interferon 
and BRVO or CRVO, and heparin with antihepa-
rin-platelet antibody and CRVO. 63  ,  92  ,  138  ,  162  Because 
of the inability to rechallenge patients, these 
reports are often speculative. Nevertheless, it is 
worthwhile to be mindful of possible associa-
tions, especially if a plausible rationale for an 
association exists or in patients who have no rec-
ognized risk factors. 

 In both the Royal College of General 
Practitioners’ Oral Contraception Study and the 
Oxford-Family Planning Association contracep-
tive study, there was no statistically signi fi cant 
association between taking oral contraceptives 
with pooled RVO. In the former, there were only 
17 cases out of 46,000 enrolled patients over a 
follow-up period from 1968 to 1996. In the latter, 
there were eight cases of RVO out of 17,032 
patients recruited between 1968 and 1974 and 
followed through 1994. 187  There are case reports 
linking RVO with use of cyclooxygenase-2 inhib-
itors, but an underpowered case-control study of 
111 consecutive patients with RVO and 316 con-
trols without RVO showed no difference in prev-
alence of their use. 130  ,  153  

 In the BDES, aspirin use was not associated 
with prevalence or 5-year incidence of BRVO. 95  
In the BDES, after adjusting for age, use of 
digoxin or hormone replacement therapy at base-
line was not associated with 15-year incidence of 
BRVO. 96  

 A case-control study found that women with 
a history of taking exogenous estrogen had a 
50% lower risk of developing CRVO compared 
to women without a history of taking estrogen. 
Current estrogen users had a greater protective 
effect than former estrogen users. 181  Another 
case-control study found that women with a his-
tory of taking exogenous estrogen had 20% the 
risk of developing CRVO compared to women 
without a history of taking estrogen ( P  = 0.029). 99  
Paradoxically, a case-control study found that 
persons taking warfarin, aspirin, or combinations 

had an increased risk (2.68 times for warfarin, 
2.48 times for aspirin, and 3.13 times for any 
anticoagulant use) of CRVO compared to per-
sons not on these drugs. 99  The BDES studied 
risk factors for 15-year incidence of CRVO and 
in a multivariate analysis found past use of 
digoxin to be an independent risk factor with 
OR 9.55 (95% CI 2.15–42.44,  P  = 0.003). 96  
Current use of barbiturates was a risk factor for 
15-year incidence of CRVO with OR 17.70 
(95% CI 5.31–59.00,  P  < 0.001) and for BRVO 
with OR 3.09 (95% CI 1.18–8.14,  P  = 0.02). 96  
The authors caution that these novel associa-
tions need more investigation for validation or 
refutation. 96   

    6.2.13   Miscellaneous Systemic 
Associations 

 Possible associations between pooled RVO and 
renal disease or obstructive sleep apnea have 
been examined. In a retrospective study using a 
national insurance database, the prevalence of 
renal disease among patients with pooled RVO 
was 25.1% compared to 0.5% among age- and 
gender-matched controls. 81  In the BMES, there 
was no association with serum creatinine with 
10-year incidence of pooled RVO. 32  A retrospec-
tive investigation for unsuspected obstructive 
sleep apnea in patients with RVO found a preva-
lence of 37%, higher than the 2–7% prevalence 
reported in the general population. 59  

 The association of RVO and systemic lupus 
erythematosus (SLE) has been repeatedly obser-
ved and reported in case series. 169  The prevalences 
of a positive antinuclear antibody titer in a case 
series of patients with CRVO, HCRVO, and 
BRVO have been reported to be 28.4%, 40.9%, 
and 27.1%, respectively. 6  The presence of anti-
nuclear antibodies is common in all types of RVO 
and is not equivalent to a diagnosis of SLE. 79  It is 
not recommended to test for antinuclear antibod-
ies in the routine patient with RVO. 79  A speci fi c 
clinical picture with other aspects besides RVO 
suggesting undiagnosed SLE, however, may 
make such a test worthwhile. 
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 Retrobulbar optic nerve meningiomas, 
increased orbital pressure in thyroid orbitopathy, 
orbital hematomas from trauma and orbital frac-
ture, and increased cerebrospinal  fl uid pressure 
can increase the venous pressure behind the 
globe. This in turn may reduce the pressure dif-
ferential for retinal blood  fl ow through the eye 
and predispose to thrombus formation in the cen-
tral or a branch retinal vein. 85  

 Case reports in which systemic diseases are 
associated with BRVO are common. Many such 
associations may be chance occurrences. A partial 
list of case report associations includes use of ana-
bolic steroids and diuretics by bodybuilders, human 
immunode fi ciency virus infection, lipemia retina-
lis, Churg–Strauss syndrome, giant cell arteritis, 
Behcet’s disease, congenital arteriovenous com-
munication of the retina, sarcoidosis, dehydration 
associated with fasting, acute intermittent porphy-
ria, pANCA vasculitis, neuro fi bromatosis, breath 
holding during diving, peptic ulcer disease, 
and other unspeci fi ed gastrointestinal dis-
eases. 4  ,  28  ,  34  ,  35  ,  44  ,  47  ,  75  ,  126  ,  129  ,  131  ,  134  ,  136  ,  144  ,  161  ,  166  Likewise, 
miscellaneous laboratory abnormalities have been 
reported in association with BRVO. In the BDES, a 
multivariate analysis showed that serum creatinine 
1.4 mg/dl or more, increased serum phosphorus 
level, and increased serum ionized calcium level 
were each independently associated with a 15-year 
incidence of BRVO. In a case series that compared 
prevalences of systemic associations to gender-, 
race-, and age-matched national cohort, chronic 
obstructive pulmonary disease, peptic ulcer, and 
thyroid disease were more prevalent in BRVO than 
in the comparison group. 75  In the BDES, multivari-
ate analysis showed that a history of migraine was 
independently associated with 15-year incidence of 
BRVO. The OR was1.99 (95% CI 1.08–3.67, 
 P  = 0.03). 96  In the BDES, cancer was not associated 
with prevalent, 5-year incident BRVO, or 15-year 
incident BRVO. 95  ,  96  Although these reports might 
suggest consideration of these conditions in a 
patient with BRVO and no vascular risk factors, 
their number, variety, and remote relevance makes 
the recommendation pointless. 28  

 Similarly, case reports in which systemic 
and ocular diseases are associated with CRVO 
and HCRVO are common. Again, many such 

associations may be chance occurrences. A partial 
list of associations from case reports includes HIV 
 infection, syphilis, herpes zoster ophthalmicus, 
preeclampsia, sarcoidosis, primary pulmonary 
hypertension, optic neuritis, arteriovenous commu-
nications of the retina, papilledema, dehydration 
associated with long-distance running or fasting, 
Behcet’s disease, cavernous sinus thrombosis, 
acute posterior multifocal placoid pigment epithe-
liopathy, mitral valve prolapse, retinal periphlebi-
tis, pANCA vasculitis, acute idiopathic frosted 
branch angiitis, meningeal carcinomatosis in which 
tumor cell in fi ltration between the optic nerve and 
its sheath was suspected of compressing the central 
retinal artery and vein, peptic ulcer disease, other 
unspeci fi ed gastrointestinal diseases, and the 
Valsalva maneuver associated with playing wind 
instruments. 2  ,  4  ,  5  ,  43  ,  44  ,  47  ,  53  ,  64  ,  68  ,  75  ,  80  ,  83  ,  86  ,  101  ,  126  ,  165  ,  167  ,  177  ,  202  

 Many hematological conditions have been 
associated with CRVsswO including poly-
cythemia vera, lymphoma, leukemia, sickle 
hemoglobinopathies, multiple myeloma, cryo-
globulinemia, and Waldenstrom’s macroglobu-
linemia. 68  ,  128  ,  182  When simultaneous bilateral 
CRVO is discovered, it may be worthwhile to 
investigate for an underlying hematologic disor-
der such as Waldenstrom’s macroglobulinemia. 
An effective test for exploring this diagnosis is a 
serum protein electrophoresis. 3  In a case series 
that compared prevalences of systemic associa-
tions to those of a gender-, race-, and age-matched 
national database, peptic ulcer and thyroid dis-
ease were more prevalent in pooled CRVO and 
HCRVO than in the comparison group. 75   

    6.2.14   No Underlying Vascular 
Risk Factor 

 It is dif fi cult to compare the prevalence of absence 
of a vascular risk factor across studies because 
different groups investigate the issue with vary-
ing levels of diligence. A higher prevalence may 
represent a more super fi cial investigation rather 
than a true lower prevalence of vascular risk fac-
tors. In one case series, 20% of patients with RVO 
had no vascular risk factor. 60    
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    6.3   Ocular Associations 

 Ocular conditions that might be associated with 
RVO include glaucoma, elevated IOP, focal arterio-
lar narrowing and arteriovenous nicking, short axial 
length, hyperopia, optic disc drusen, and prepapil-
lary vascular loops. 32  ,  181  ,  190  A reproducible observa-
tion has been that primary open-angle glaucoma 
(POAG) is the strongest ocular association with all 
forms of RVO, and that it is more strongly associ-
ated with CRVO and HCRVO than with BRVO. 68  ,  181  
In theory, POAG can produce changes in the lamina 
cribrosa that may restrict retinal venous out fl ow and 
predispose to formation of a thrombus at the lamina 
cribrosa (CRVO) or at an arteriovenous crossing 
further upstream of the lamina cribrosa (BRVO). 85  

 Because of the association of POAG and RVO, 
patients with RVO should be checked for unsus-
pected POAG. It is not uncommon for RVO to be 
the sentinel event for the diagnosis of POAG. 67  

    6.3.1   Pooled Retinal Vein Occlusion 

 In the BMES, there was no association of refrac-
tive error with the 10-year incidence of RVO. 32  
In the Ocular Hypertension Treatment Study 
(OHTS), the mean spherical equivalent of sub-
jects who developed pooled RVOs was +0.3 D 
compared with  − 0.6 D for those subjects not 
developing RVOs ( P  = 0.067). 12  

 In a case-control study of pooled RVO, POAG 
increased the risk 2.89 times (95% CI 1.38–6.05) 
compared to the control group. 151  In the OHTS, in 
which 1,636 patients with ocular hypertension were 
randomized to ocular hypotensive drug therapy or 
observation, the 10-year cumulative incidence of 
pooled RVO was 2.1% in the observation group and 
1.4% in the medication group ( P  = 0.14). 

 In a prospective observational study of 450 
cases of pooled RVO, the mean cup-to-disc ratio 
(CDR) was signi fi cantly higher in the RVOs sited 
at the optic cup (0.65) compared with non-optic 
cup-sited RVOs (0.45–0.48). The proportion of 
cases with CDR of 0.7 or more was signi fi cantly 
higher in the RVOs sited at the optic cup (39.1%) 
compared with the rest of the non-optic cup-sited 

RVOs (0–6.3%). 15  In the OHTS, subjects who 
went on to develop pooled RVOs had a baseline 
mean horizontal CDR of 0.46 ± SD0.19 compared 
with 0.36 ± SD21 for those who did not develop 
RVOs ( P  = 0.016). 12  

 In the BMES, POAG, but not ocular hyperten-
sion, was associated with the prevalence of pooled 
RVO (OR 7.2, 95% CI 3.6–14.8). 131  The associa-
tion was so strong that all other associations were 
adjusted for this factor. 133  The prevalences of POAG 
among subjects with and without pooled RVO were 
19.0% and 2.6%, respectively ( P  = 0.0001). 31  
Baseline IOP was not a risk factor for the 10-year 
incidence of pooled RVO. 32  In the BDES, the prev-
alence of POAG was higher among subjects with 
than those without pooled RVO (11.8% and 4.1%, 
respectively,  P  = 0.02). 31  In the BDES, subjects with 
higher cup-to-disc ratios were more likely to 
develop pooled RVO (mostly BRVO) over 10 years 
of follow-up with a 40% increase in incidence per 
0.1 increase in baseline C/D ratio. 94  Excluding 
patients with glaucoma did not change the result. 94  

 In the BMES, focal arteriolar narrowing, arte-
riovenous nicking, and arteriolar wall opaci fi cation 
were all signi fi cant risk factors for 10-year inci-
dence of pooled RVO. The order of strength of 
association was as follows: severe arteriovenous 
nicking (age-adjusted OR 5.70 [95% CI 1.90–
17.18]) > arteriolar wall opaci fi cation (age-adjusted 
OR 4.89 [95% CI 2.00–12.07]) > mild arterio-
venous nicking (age-adjusted OR 3.78 [95% CI 
1.60–9.00]) > focal arteriovenous narrowing (age 
adjusted OR 3.37 [95% CI 1.40–8.13]). 32  

 Ocular perfusion pressure is a neither a pure 
systemic nor pure ocular variable as its de fi nition 
involves SBP, DBP, and IOP. In the BMES, 
increasing ocular perfusion pressure was a 
signi fi cant factor for incident pooled RVO with 
an age-adjusted OR of 1.71 per 10 mmHg increase 
in ocular perfusion pressure.  

    6.3.2   Branch Retinal Vein Occlusion 

 In case-control studies, short axial length has 
been associated with BRVO (see Chap.   1    ). 10  ,  176  
Hyperopia has been associated inconsistently 
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with BRVO. 6  ,  58  ,  84  ,  93  ,  139  Part of the explanation for 
the inconsistency may be that some studies fail to 
isolate short axial length, which on balance seems 
to be associated with BRVO, from hyperopia due 
to other causes, which seems on balance not to be 
associated. In the BDES, neither myopia nor 
hyperopia was associated with prevalent BRVO 
or with 5-year incident BRVO. 95  

 The pathophysiologic linkage of POAG to 
BRVO is not as plausible as that of POAG to 
CRVO, nevertheless epidemiologic information 
suggests that there is an association, if not as 
strong as that between POAG and CRVO. 
Prevalences of POAG in case series of BRVOs 
have ranged from 14% to 25%, which is higher 
than expected for age-matched controls. 6  ,  17  ,  58  ,  84  ,  168  
In a case series, the prevalence of POAG was 
higher in patients with BRVO that were sited at 
the optic cup (prevalence = 39.1%), but not in 
patients with BRVO occurring at an arteriovenous 
crossing remote from the optic cup (preva-
lence = 4.1%). 15  The distribution of IOP and 
CDRs among subgroups of patients with BRVO 
classi fi ed by presence of optic nerve head swell-
ing also supported this  fi nding. 15  In one study, the 
IOP of patients with BRVO was signi fi cantly 
higher than a randomly chosen eye from control 
patients. 52  Unlike the situation with CRVO, the 
IOP of the fellow eyes of patients with BRVO 
was not signi fi cantly different than the IOP of 
fellow eyes of control patients. 52  A series of four 
cases of normal-tension glaucoma with BRVO in 
one eye and a contralateral neural rim hemor-
rhage in the fellow eye raised the hypothesis that 
neural rim hemorrhages in glaucoma may have a 
pathogenetic mechanism common to BRVO. 91  
Various case-control studies have been inconsis-
tent in  fi nding an association between BRVO and 
POAG. 84  ,  114  In a case-control study of BRVO, the 
horizontal and vertical CDRs did not differ 
between cases and controls. 180  Small sample sizes 
of most case-control studies limits their statistical 
power to detect differences. In the BDES after 
adjusting for age, CDR was not associated with 
15-year incidence of BRVO. 96  

 In a population-based study from China, BRVO 
was signi fi cantly associated with glaucomatous 
disc damage ( P  = 0.019, 95% CI 1.32–24.4). 115  

In the BDES, glaucoma, ocular hypertension, 
and elevated IOP were not associated with the 
prevalence or 5-year incidence of BRVO. 95  ,  96  On 
the other hand, a multivariate analysis of BDES 
showed that glaucoma was associated indepen-
dently with 15-year incidence of BRVO with OR 
2.61 (95% CI 1.12–6.08,  P  = 0.03). 96  Although 
there is consensus that an association of POAG 
and BRVO is not as strong as the association 
between POAG and CRVO, some authorities go 
further. Hayreh stated, “glaucoma and raised 
IOP play no role in the pathogenesis of 
BRVO.” 77  

 In the BDES, arteriolar narrowing and arterio-
venous nicking were strongly associated with the 
prevalence of BRVO with ORs of 16.75 (95% CI 
7.33, 38.24) and 22.86 (95% CI 8.43, 62.03), 
respectively. 95  Focal arteriolar narrowing was 
also strongly associated with 5- and 15-year inci-
dence of BRVO. 95  ,  96  After adjusting for age, arte-
riovenous nicking, smaller retinal arterial 
diameter, and larger retinal venular diameter were 
not associated with 15-year incidence of 
BRVO. 96  

 Perfusion pressure is a variable that is derived 
from a systemic and ocular variables, thus it is a 
hybrid variable related to glaucoma risk. In the 
BDES, perfusion pressure was associated with 
prevalence of BRVO with an OR of 2.09 (95% CI 
1.45, 3.02), but was not associated with 5-year or 
15-year incidence of BRVO. 95  ,  96  

 A history of a previous RVO in the same or 
fellow eye is a risk factor for an incidence of 
BRVO (Fig.  6.1 ). In a case-control study of 225 
patients with BRVO, 11% had bilateral BRVOs 
and 6% had more than one BRVO per eye. 84   

 Case reports in which ophthalmic diseases 
have been associated with BRVO are common. 
Many of these associations may be chance occur-
rences. In other cases, a plausible rationale for 
association exists, but demonstration of associa-
tion is not proven. Many of these conditions 
involve local in fl ammation in the retina. An 
example is the reported association of BRVO and 
serpiginous choroiditis. 51  

 The single protective ocular factor is the ana-
tomic situation in which a retinal vein lies ante-
rior to the artery. 27   
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    6.3.3   Central Retinal Vein Occlusion 
and Hemicentral Retinal Vein 
Occlusion 

 In several case-control studies, hyperopia has 
been associated inconsistently with CRVO or 
HCRVO. 6  ,  58  ,  68  ,  93  The mean axial length of eyes 
with CRVO has been found to be signi fi cantly 
shorter than that of fellow eyes and of eyes from 

age-matched controls (see Chap.   1    ). 10  There was 
no difference in the prevalence of hyperopia 
(31%) or in the mean axial length (23.3 ± 0.8 mm) 
between involved eyes and fellow eyes or between 
involved eyes and eyes of a normal control group 
of 45 subjects (hyperopia prevalence 33%, mean 
axial length 23.1 ± 0.6 mm) in a prospective study 
of 13 consecutive patients with unilateral 
HCRVO. 93  Such a small sample size implies a 
low power to detect differences. 

  Fig. 6.1    Example of a patient with two branch retinal 
vein occlusions in the same eye. A 68-year-old female 
with diabetes and hypertension was examined with a com-
plaint of blurred vision of the right eye for 2 months. The 
visual acuity was 20/60 right, 20/20 left. ( a ) The right eye 
had superior hemispheric retinal hemorrhages and macu-
lar edema. In addition, there was hemorrhage inferona-
sally in the distribution of the right inferonasal branch 
vein ( yellow arrow ). ( b ) There was evidence of an older 
inferonasal BRVO with large caliber collateral vessel con-
necting    the inferonasal drainage to the inferotemporal 
branch retinal vein ( green arrow ). ( c ) A frame from the 
early phase  fl uorescein angiogram of the right eye shows 
good retinal perfusion. ( d ) A magni fi ed view of the optic 

disc from panel ( c ) shows the collateral vessel connecting 
to the inferotemporal branch retinal vein (the  orange 
arrow    ). ( e ) A frame from the late-phase  fl uorescein angio-
gram demonstrated late cystoid hyper fl uorescence. The 
 purple arrow  denotes the collateral vessel connecting the 
inferonasal venous drainage to the inferotemporal branch 
retinal vein. ( f ) OCT shows macular cysts involving the 
nerve  fi ber layer, inner nuclear layer, and outer nuclear 
layer, as well as inspissated subfoveal exudate ( turquoise 
arrow ). This case illustrates the occurrence of two RVOs 
in the same eye at different times. The inferonasal BRVO 
was asymptomatic and detected only when a symptomatic 
superior HCRVO brought the patient to medical attention       
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 It has been hypothesized that a small scleral 
outlet or decreased CDR might be important in 
contributing to turbulent blood  fl ow in the central 
retinal vein, possibly predisposing a patient to 
CRVO. 120  ,  175  In case-control studies, there were 
no differences between horizontal optic disc 
diameter and CDR in eyes with CRVO and fellow 
eyes or control eyes. 120  ,  175  

 The association of POAG and CRVO has long 
been noted (Fig.  6.2 ). 12  The prevalence of POAG 
has been reported to range from 23% to 42% in 
case series of CRVO, which is elevated compared 
to age-matched controls. 6  ,  58  -  60  ,  76  ,  117  ,  168  ,  185  ,  186  Case-
control studies have found that persons with a 
history of POAG have a 4.4–5.3 times higher risk 
of developing CRVO than persons without a 

  Fig. 6.2    Example of central retinal vein occlusion devel-
oping in the context of POAG. An 82-year-old man treated 
for POAG noted loss of vision in his left eye 2 weeks 
before presenting for examination. His best corrected 
visual acuity was 20/40 in the left eye. ( a ) A pattern of 
intraretinal hemorrhages throughout the posterior pole is 
shown without venous dilation. The image suggests a cen-
tral retinal vein occlusion that is much older than the 2 
weeks of noted symptoms inasmuch as there is little 
venous distention and relatively few hemorrhages. The 
 yellow arrows  indicated intraretinal hemorrhages and the 
 green arrow  a spared central macular zone. These should 
be compared to the OCT image in ( e ). ( b ) Magni fi ed optic 
disc photograph showing advanced glaucomatous optic 
atrophy with neural rim thinning inferiorly (the  yellow 
arrow ). ( c ) Frame from the mid-phase  fl uorescein angio-

gram showing good perfusion of the retinal capillaries. 
This is a nonischemic CRVO. ( d ) Frame from the late-
phase  fl uorescein angiogram showing leakage of 
 fl uorescein dye from the paramacular capillaries. ( e ) 
Horizontal OCT line scan shows marked macular thicken-
ing. The locations above the  yellow arrows  correspond    to 
areas of intraretinal hemorrhage. These hemorrhages 
block imaging of the inner segment/outer segment (IS/
OS) junction and the retinal pigment epithelium (the  yel-
low arrows ). The clear central macular zone (compare to 
 a ) is occupied by a large cyst (the  green arrow ). The reti-
nal pigment epithelium is well imaged, but the IS/OS 
junction is not seen. ( f ) Contemporaneous visual  fi eld of 
the left eye shows advanced  fi eld loss with split  fi xation 
superiorly corresponding to the advanced optic disc neu-
ral rim atrophy inferiorly         
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 history of glaucoma. 99  ,  181  In one study, IOPs of 
fellow eyes at baseline were grouped into three 
levels. Those with fellow eye baseline IOPs in the 
highest level had a 4.5 times higher risk of devel-
oping CRVO than patients with fellow eye IOPs 
in the lowest level. 183  Patients with CRVO and 
POAG are, on average, older than patients with 
CRVO without POAG, and the proportion that 
are ischemic is higher than in patients without 
POAG. 185   

 The IOP of patients with CRVO is signi fi cantly 
higher than a randomly chosen eye from control 
patients. 52  Moreover, the IOP of the fellow eyes 
of patients with CRVO is signi fi cantly higher 
than the IOP of fellow eyes of control patients. 52  
The IOP of the affected eye of patients with 
CRVO is not signi fi cantly different than the fel-
low eyes of affected patients. 52  An acute CRVO 
leads to a transient drop in IOP afterward. 78  

 The prevalence of POAG was higher in 
patients with CRVO not associated with optic 
nerve head swelling (18.1%) in one study. 15  
When CRVO was associated with optic nerve 
head swelling, there was no association with 
POAG, IOP, or glaucomatous disc cupping. 15  
The prevalence of POAG in the latter group was 
9.8%. 15  The distribution of IOP and CDRs 
among subgroups of patients with CRVO 
classi fi ed by presence of optic nerve head swell-
ing also supports this  fi nding. 15  Previous studies 
did not identify such associations, a result that 
has been attributed to failure to divide cases 
according to the site of occlusion and presence 

of disc swelling. 15  ,  152  ,  175  Pseudoexfoliation mate-
rial is more common in the anterior segment 
structures of eyes enucleated for neovascular 
glaucoma following CRVO than in control enu-
cleated eyes, but the material is not found in the 
CRV or CRA. The association of the anterior 
segment material is considered due to the 
known relationship of pseudoexfoliation 
 material and POAG, which in turn has an asso-
ciation with CRVO. 33  In the BDES, a multivari-
ate analysis showed that glaucoma was 
associated independently with 15-year inci-
dence of CRVO with OR 10.71 (95% CI 3.74–
30.67,  P  < 0.001). 96  

 In a case series of 28 patients with HCRVO, 
the prevalence of elevated IOP was 28.6%. 6  There 
is a higher prevalence of POAG in patients with 
HCRVO than in the general population. 76  In the 
EDCCS, a history of glaucoma, an increased IOP 
in the fellow eye, and an increased CDR in the 
fellow eye were all associated with an increased 
prevalence of HCRVO. 174  

 A history of a previous RVO in the same or 
fellow eye is a risk factor for an incident CRVO. 
The prevalence of a previous CRVO in an eye 
that has an acute new CRVO is 5–10%. 150  ,  179  The 
prevalence of any retinal vascular occlusion 
(CRVO, BRVO, BRAO) is 9–16%. 150  ,  179  The 
prevalence of any type of retinal vein occlusion 
in the fellow eye has varied from 8% to 
15%. 150  ,  163  ,  178  In the CVOS, 6% of fellow eyes had 
previous CRVOs and 2% had previous 
BRVOs. 178    
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    6.4   Practical Recommendations 
About the Systemic Workup 
of Patients with Retinal Vein 
Occlusion 

 The high PAR% for hypertension, hyperlipidemia, 
and diabetes mellitus leads to the recommenda-
tion that patients with RVO who have not been 
assessed for these factors should have blood pres-
sure, serum lipid levels, and blood glucose levels 
checked. 190  Although there is no evidence that 
lowering elevated blood pressure, serum lipids, or 
blood glucose can favorably in fl uence visual acu-
ity outcome or secondary complications in RVO, 
clinical judgment suggests that these should be 
gradually normalized under the care of the 
patient’s internist or family physician. 142  The 
extent of the workup warranted in patients with-
out known vascular risk factors is controversial. 
Some have advocated looking for APLAs, AT, the 
FVLM, prothrombin 20210A, and other possible 
associations in such patients. 106  ,  155  ,  169  ,  183  ,  184  ,  190  Others 
have argued that the probability of discovering a 
treatable condition is too low to justify the 
effort. 79  ,  110  ,  183  Some have recommended more in-
depth testing only if a personal or family history of 
previous venous thrombosis or spontaneous abortion 
exists, or if bilateral RVOs are present. 179  ,  183  ,  190  

 Others advocate additional testing for the 
“very young” with RVO, although the de fi nition 
of “very young” is not given. 183  ,  190  The thinking 
behind this recommendation is that the younger 
the patient, the less likely that the commonly 
associated vascular risk factors for RVO can be 
convincingly invoked to explain the presence of 
the RVO and the more sense it makes to look for 
underlying thrombophilia. 106  The choice of the 

age cutpoint, which has typically been some-
where in the range 45–55, for when to consider a 
search for thrombophilia, is arbitrary. 107  A more 
nuanced view would be to favor such an investi-
gation more strongly the younger the patient hap-
pened to be. 108  There are differences of opinion in 
the literature on recommendations in the younger 
patient with RVO. Some authors recommend 
speci fi c testing, for example, for factor XII 
de fi ciency or FVLM, 106  ,  155  whereas others con-
sider the evidence too sparse as yet to recommend 
such screening based simply on age. 104  ,  105  ,  183  

 A second vexing question is how extensive the 
studies should be if they are pursued. In addition 
to the tests already mentioned, the list of possible 
tests that might be considered includes a complete 
blood count, erythrocyte sedimentation rate, 
platelet count, prothrombin time, activated partial 
thromboplastin time, bleeding time, lipid pro fi le, 
plasma homocysteine, plasma  fi brinogen, 
D-dimer,  fi brinogen degradation products, protein 
S, protein C, antinuclear antibodies, antiphospho-
lipid antibodies, anticardiolipin antibodies, lupus 
anticoagulant, VDRL, factor V, factor V Leiden, 
factor VII, factor VIII, and factor IX, factor XII, 
heparin cofactor II, tissue plasminogen activator 
antigen, plasminogen activator inhibitor activity 
and antigen, and plasma histidine-rich glycopro-
tein. 70  ,  104  ,  112  ,  183  ,  191  The length of the list suggests 
that it is impractical to pursue in most cases. 

 Although there is controversy about when to 
perform additional testing, there is a consensus 
about when additional testing can be omitted. 
Patients who develop RVO who are over the age of 
45–50 and have cardiovascular risk factors do not 
need a systemic workup for possible predisposing 
thrombophilia. The yield relative to the expense of 
such workups is insuf fi cient to justify the effort. 156      

  History of the Standard Workup for Systemic Associations in Central Retinal Vein 
Occlusion 

 The standard systemic workup of a patient with central retinal vein occlusion has changed over 
the years and has always been a matter of controversy. In 1982–1983, the components of a 
standard workup could vary from as little as a check for hypertension, hyperlipidemia, and 
diabetes 39  to as extensive as a complete medical evaluation by an internist, blood pressure 
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    6.5   Retinal Vein Occlusion and 
Cardiovascular Disease Risk 

 In a pooled study of BRVO and CRVO, calculated 
cardiovascular disease risk using the Framingham 
algorithm showed signi fi cantly higher values than 
the age-standardized risk for the national population 
(20.6 ± SD1.2% vs. 15.7 ± SD1.1%,  P  = 0.009). 124  ,  201  
In a study combining data on pooled RVO from the 
BDES and the BMES, cardiovascular mortality in 
patients aged 43–69 years was twice as high as in 
patients without RVO. 31  No increased mortality was 
found in older persons with RVO. 31  

 Both BRVO and CRVO were associated with 
an increased cardiovascular disease risk compared 
to age-standardized risk in the British population. 
The risk for BRVO was higher than the risk for 
CRVO, because of higher blood pressure in the 
patients with BRVO. 124  ,  201  Occurrence of a BRVO 
or CRVO was not associated with the 5-year 
stroke-free survival in a Taiwanese population. 81  
The increased cardiovascular disease risk observed 
in some studies differs from the lack of association 
of BRVO and CRVO and overall mortality rates 
observed in multiple studies (see Chap.   5    ). 27  ,  46  ,  48  ,  121   

    6.6   Differences in Systemic 
Associations Between Ischemic 
and Nonischemic CRVOs 

 Several investigators have emphasized that sys-
temic and laboratory value associations should 
not be studied at the level of CRVO or HCRVO, 

but rather at the level of ischemic or nonischemic 
CRVO or HCRVO. 21  ,  73  ,  75  ,  79  ,  170  ,  181  ,  200  Given the lack 
of agreement among clinicians on the de fi nition of 
ischemia, the considerable rate of conversion 
of nonischemic to ischemic RVO for all types 
(see Chap.   9    ), and the heavy dependence of 
detecting associations on sample size, these 
 distinctions are more theoretically interesting 
than clinically important. 79  ,  181  See the original 
papers for further information about this 
issue. 21  ,  73  ,  75  ,  79  ,  182  ,  200   

    6.7   Summary of Key Points 

    Hypertension is the strongest risk factor for • 
RVO and is a stronger risk factor for BRVO 
than for CRVO or HCRVO.  
  Diabetes and hyperlipidemia are lesser risk • 
factors than hypertension for RVO.  
  Cardiovascular disease and stroke are lesser • 
risk factors than hypertension for RVO.  
  Of hematologic variables, only hematocrit has • 
general clinical relevance, as it is the basis for 
isovolumic hemodilution, a form of treatment 
employed in Europe.  
  Coagulation abnormalities have little public • 
health importance with respect to RVO, but 
may be important in speci fi c cases.  
  Elevated plasma homocysteine is associated • 
with RVO, but it is uncertain whether the asso-
ciation is causal or whether the elevated levels 
re fl ect systemic vascular disease.  
  The evidence for an association of low serum • 
folate or vitamin B12 and RVO is weak.  

 measurement by the ophthalmologist to detect undiagnosed hypertension, and a lengthy labora-
tory examination including complete blood count, 18 element panel of blood chemistries, 5-h 
glucose tolerance testing in nondiabetic patients, serum lipid pro fi le, serum protein electropho-
resis, serum cryoglobulins, a non-treponemal test for syphilis, a chest X-ray, and skull/sinus 
X-rays if there was suspicion of head trauma, sinusitis, or orbital mass. 68  

 In 2012, the situation has the same theme – a lack of consensus – but the details have changed. 
The most commonly recommended core of studies includes checking for hypertension, glau-
coma, diabetes mellitus, and hyperlipidemia, but the additional investigations beyond this basic 
set continues to vary widely and differs from the lists published 30 years ago. 75  ,  99  ,  104  ,  107  ,  190  ,  192  

http://dx.doi.org/10.1007/978-1-4614-3439-9_5
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  The evidence for an association of smoking or • 
alcohol consumption and RVO is weak.  
  Although many drugs have been linked to • 
RVO in case reports, a statistical association 
has not been shown for any.  
  Many systemic diseases have been linked to • 
RVO in case reports, but evidence of a statisti-
cal association is weak in most cases.  
  RVO is associated with a higher cardiovascu-• 
lar disease mortality rate, but not overall mor-
tality rate.  
  Primary open-angle glaucoma is strongly • 
associated with CRVO and HCRVO, and 
weakly associated with BRVO.  
  Short axial length is weakly associated with • 
RVO.  
  The practical systemic workup of RVO • 
involves assessment of blood pressure, blood 
glucose, and serum lipids by the patient’s pri-
mary care physician, with other testing sug-
gested by the history of present illness, past 
medical history, and family history.  
  The practical ophthalmic workup of RVO • 
involves assessment of the involved and fel-
low eye for glaucoma and previous RVO.  
  Similar prevalence of associated conditions • 
strengthens the hypothesis that HCRVO and 
CRVO are anatomic variants of the same 
underlying pathogenetic process.         
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 The clinical picture of retinal vein occlusions 
(RVO) has been well described for over a cen-
tury. RVOs cause visual loss by macular edema, 
macular ischemia, foveal hemorrhage, submacu-
lar scarring, macular holes and lamellar holes, 
vitreous hemorrhage, epiretinal membrane, and 
traction retinal detachment. 127  Despite 
 reservations, the natural history of branch retinal 
vein occlusion (BRVO), central retinal vein 
occlusion (CRVO), and hemicentral retinal vein 
occlusion (HCRVO) is thoroughly under-
stood. 29  ,  52  ,  53  ,  56  ,  73  ,  84  ,  86  ,  112  ,  117  ,  118  Moreover, we con-
tinue to update our understanding of the natural 
history of RVOs from the untreated control arms 
of randomized clinical trials that test new thera-
pies. This is important because the natural history 
of RVOs may change over time with changes in 
population demographics (e.g., the recent epi-
demic of obesity in industrialized nations) and 
general medical care. Understanding the natural 
history of RVOs is important because it informs 
judgment of the effectiveness of therapies. 50  

 Although the quantity of natural history 
information is large, the quality is less than opti-
mal. 86  ,  117  The evidence is confounded by vari-
able durations of disease, differences in reporting 
times of interest (e.g., relative to onset of symp-
toms, to onset of a particular sign, or to baseline 
examination), different de fi nitions of outcomes, 
and pooling of different types of RVO, which 

differ in pathogenesis and course. 29  ,  86  ,  117  The 
duration of RVO can be dif fi cult to determine, 
especially when the visual acuity is normal in 
the fellow eye. 25  ,  86  Incidence rates for outcomes 
of interest are sparse because many studies 
ignore the patients with RVO who do not develop 
the outcome. 86  ,  117  If treatments are administered, 
natural history cannot be determined, and it may 
be dif fi cult to tell from reports if patients were 
truly untreated. 86  ,  117  Selection bias in nonpopu-
lation-based studies can skew the results 
obtained. 86  ,  117  

 A problematic aspect of the natural history 
concerns the time it takes before changes stop. 
The time varies for different manifestations of 
RVO, and published estimates are only broad 
ranges. For example, the time until the risk of 
retinal neovascularization resolves is different 
than the time until macular edema resolves. 86  In 
general, for BRVO, the time to equilibration after 
the acute event “is considerably longer than 
3 months.” 66  For CRVO, it is at least 6 months 
based on Kaplan–Meier curves depicting the 
development of anterior segment neovasculariza-
tion (see Chap.   11    ). 48  

 Commonly used abbreviations in discussing 
the natural history of RVO are found in Table  7.1 . 
Each abbreviation will be introduced with its 
associated term at the  fi rst use of the term in the 
chapter.  

    Chapter  7 
   The Clinical Picture and Natural History 
of Retinal Vein Occlusions       
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    7.1   Branch Retinal Vein 
Occlusion 

    7.1.1   Acute Phase 

    7.1.1.1   Symptoms 

 Symptomatic BRVO causes blurred vision, meta-
morphopsia, and a painless scotoma that may 
have a sudden or gradual onset. 74  Visual acuity is 
compromised most commonly by macular 
edema. 71  The perceived scotoma is relative rather 
than absolute if enough perfusion exists to sus-
tain the involved inner retina. 25  ,  94  Aside from 
macular edema, visual acuity is also compro-
mised by macular capillary nonperfusion or 
foveal hemorrhage. 25  Peripheral BRVOs are 
underdiagnosed because they are asymptomatic 
(Fig.  7.1 ). 25     

    7.1.2   Clinical Signs 

 In a population-based study, BRVO occurred at 
an arteriovenous crossing in 85% of cases (see 
Chap.   1    ). 79  In a meta-analysis of 12 case series of 
BRVOs totaling 495 patients, the percentages of 
superotemporal and inferotemporal BRVOs were 
62% and 33%, respectively, with the remaining 
5% in the nasal quadrants. 107  Other series support 
these observations. 7  ,  71  ,  96  ,  148  BRVO in the nasal 
quadrants is usually asymptomatic unless subse-
quent neovascularization with vitreous hemor-
rhage develops. 7  Fifty-two percent of BRVOs are 
at second-order arteriovenous crossings and 40% 
at third-order crossings. 148  Occasionally, BRVO 
occurs at a site other than an arteriovenous cross-
ing. In most of these cases, the etiology of the 
thrombus has been attributed to in fl ammation, for 
example, from toxoplasmosis chorioretinitis or a 
sarcoid granuloma adjacent to a vein. 30  ,  84  

 Clinically, acute BRVO manifests as a sector of 
intraretinal hemorrhage associated with venous 
dilation. The vein is dilated distal to the arterio-
venous crossing at which the obstruction occurs. 

   Table 7.1    Abbreviations used in natural history of reti-
nal vein occlusions   

 Abbreviation  Term 

 ASNV  Anterior segment neovascularization 
 BDES  Beaver Dam Eye Study 
 BRVO  Branch retinal vein occlusion 
 BVOS  Branch Vein Occlusion Study 
 BRAVO  Ranibizumab for the Treatment of 

Macular Edema Following Branch 
Retinal Vein Occlusion Study 

 CRAI  Cilioretinal artery insuf fi ciency 
 CRUISE  Central Retinal Vein Occlusion Study 
 CRVO  Central retinal vein occlusion 
 CVOS  Central Vein Occlusion Study 
 CME  Cystoid macular edema 
 ETDRS  Early Treatment Diabetic Retinopathy 

Study 
 FAZ  Foveal avascular zone 
 HCRVO  Hemicentral retinal vein occlusion 
 IOP  Intraocular pressure 
 logMAR  Logarithm of the minimum angle of 

resolution 
 NVI  Neovascularization of the iris 
 OCT  Optical coherence tomography 
 PIRW  Perivenular ischemic retinal whitening 
 RAPD  Relative afferent pupillary defect 
 SD  Standard deviation 
 VEGF  Vascular endothelial growth factor 

  Fig. 7.1    Example of an asymptomatic, peripheral branch 
retinal vein occlusion (BRVO). A 65-year-old woman 
with hypercholesterolemia was found to have a sector of 
intraretinal hemorrhage in the superotemporal periphery 
of the right eye on a routine eye examination. The  black 
arrow  indicates the arteriovenous crossing at which a 
BRVO has occurred. The  blue arrows  denote the borders 
of the involved retinal sector with intraretinal hemor-
rhages. It would be unusual for a small peripheral BRVO 
such as this to be associated with later retinal 
neovascularization       
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The proximal vein is often narrowed because of 
decreased blood  fl ow proximal to the occlusion 
(Fig.  7.2 ). 145  The closer to the disc the occlusion 
occurs, the greater the retinal area involved by the 
distribution of hemorrhages. The artery may be 
narrowed in the involved sector of the retina. 103  
Common associations include capillary microan-
eurysms (30–90- m  diameter, nearly universal) 
(Fig.  7.3 ), capillary nonperfusion detectable by 

 fl uorescein  angiography (Fig.  7.4 ), cotton wool 
spots (33%) (Fig.  7.2 ), macular edema (18–28%) 
(Fig.  7.3 ), and subretinal  fl uid detectable by OCT 
(29–71%) (Fig.  7.5 ). 25  ,  67  ,  72  ,  74  ,  78  ,  100  ,  101  ,  103  ,  121  ,  130  ,  133  ,  138  ,  144      

 Microaneurysms and macroaneurysms result 
from increased intraluminal pressure acting on a 
weakened, ischemic vessel wall. Cotton wool 
spots represent focal areas of decreased axoplas-
mic transport caused by focal ischemia and 

  Fig. 7.2    Fundus images of a patient with an inferotem-
poral branch retinal vein occlusion. ( A ) Monochromatic 
fundus photograph of the right eye. The occlusion 
occurred at the crossing of a retinal vein over a retinal 
artery, a rare occurrence. Usually, the artery crosses over 
the vein. Hemorrhages and cotton wool spots are present. 
( B ) Magni fi ed view of the vein crossing over the artery 
(the  green arrow ). The segment of the occluded vein 
between the occlusion and the downstream vein has no 
 fl ow and is narrowed (the  purple arrow ). ( C ) Frame from 

a the laminar venous phase of the  fl uorescein angiogram 
showing no  fl ow in the occluded vein (the  yellow arrow ) 
but normal laminar venous  fl ow in the adjacent branch 
retinal vein (the  orange arrow ). ( D ) Frame from the late 
phase of the  fl uorescein angiogram showing speckled 
hyper fl uorescence (the  turquoise arrow ) in the upstream 
section of the occluded vein, a sign of stagnant blood  fl ow. 
Normal blood  fl ow in the adjacent vein is signaled by the 
homogenous hyper fl uorescence (the  tan arrow )       
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  Fig. 7.3    Fundus images of an old macular branch retinal 
vein occlusion in a 56-year-old male with best corrected 
visual acuity of 20/25 in the right eye. ( A ) Red-free fundus 
photograph of the right eye. Few stigmata are present to 
suggest the old event. A dot hemorrhage is present along 
the superotemporal arcade (the  yellow arrow ), and some 
telangiectatic small venules are present along the super-
otemporal border of the foveal avascular zone (the  orange 
arrow ). ( B ) Frame from the early phase of the  fl uorescein 
angiogram showing dilated capillaries superotemporal to 
the foveal avascular zone ( turquoise arrow ), the 
hypo fl uorescent dot hemorrhage seen in  panel  a (the  yel-

low arrow ), and other microaneurysms (the  tan arrows ) 
not suspected on the red-free photograph. The more wide-
spread distribution of abnormalities than suspected on the 
red-free fundus photograph points to the site of the occlu-
sion as having been at the arteriovenous crossing indicated 
by the  purple arrow . ( C ) Late frame of the  fl uorescein 
angiogram shows petalloid hyper fl uorescence temporal 
and superior to the fovea. ( D ) The false-color map 
obtained from OCT scans shows macular thickening (the 
 red area ) congruent with the area of  fl uorescein leakage. 
( E ) The OCT line scan shows cystoid changes in the inner 
and outer nuclear layers       

  Fig. 7.4    Clinical images from the case of an asymptom-
atic 68-year-old female glaucoma suspect with treated 
hypertension and hypercholesterolemia. Her visual acuity 
was correctable to 20/20 bilaterally. She was found on a 
routine examination to have microvascular abnormalities 
in the left superotemporal macula. ( A ) Monochromatic 
fundus photograph of the left eye shows the occluded 
branch vein with a smaller diameter proximal segment 
(the  red arrow ) and a distended distal segment (the  green 
arrow ). Tortuous collateral venules (the  yellow arrows ) 
drain the venous return around the blocked site to adjacent 
venous beds. A region of relatively featureless retina is 
typical of an ischemic zone (the  blue oval , compare to 
( B )). ( B ) A frame from the middle phase of the  fl uorescein 

angiogram shows a large microaneurysm (the  turquoise 
arrow ) and the nonperfused region (the  blue oval , com-
pare to ( A )). ( C ) Frame from the late phase of the  fl uorescein 
angiogram shows late  fl uorescein leakage in the distribu-
tion of the occluded vein. The fovea is uninvolved. ( D ) 
Optical    coherence tomography images of the left macula. 
The false-color map shows retinal thickening superiorly 
(the  black arrow ), and the line scan shows cystic change 
in the outer nuclear layer of the perifovea (the  white 
arrow ) with preservation of the foveal depression. ( E ) The 
24–2 Humphrey visual  fi eld of the left eye has a region of 
increased threshold (the  gray oval ) inferonasally that cor-
responds to the superotemporal area of macular edema         
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sometimes infarction (see Chap.   2    ). 88  Retinal 
hemorrhages in BRVO are typically in the nerve 
 fi ber layer accounting for their  fl ame shape and 
orientation along the familiar lines of the gan-
glion cell axons as they travel to the optic nerve. 25  
More peripherally, round hemorrhages are 
found. 94  Hemorrhage may accumulate in parafo-
veal cysts which can show blood–serous  fl uid 
levels. 25  ,  94  A rare presentation is a dense retinal 
hemorrhage at an arteriovenous crossing which 
may be erroneously interpreted as a ruptured 
arteriolar macroaneurysm (Bonnet sign). Over 
time, such cases evolve into a more typical 
 picture of acute BRVO with a sector of 
hemorrhages. 70  

 A BRVO can be nonischemic or ischemic, 
terms which have varying de fi nitions that engen-
der controversy (see Chaps.   4     and   9    ). Hayreh 
reported that most major BRVOs were isch-
emic. 48  ,  57  However, other studies report that 
nonischemic BRVOs are more common. 79  A 
BRVO that is initially nonischemic can become 
ischemic. The frequency with which this occurs 
depends on the de fi nitions used. In one study, the 
conversion rate was 29% over the course of 1 
year of follow-up. 2  There is a rough correlation 
between the degree of ischemia and the extent 
and density of intraretinal hemorrhages, although 
there are cases in which a nonischemic BRVO 
has severe intraretinal hemorrhage. 44  

  Fig. 7.5    Subretinal  fl uid in branch retinal vein occlusion. 
Fundus images from an 86-year-old woman who suddenly 
developed central blurring of the right eye. Best corrected 
visual acuity was 20/63 on the right. ( A ) Monochromatic 
fundus photograph shows an inferotemporal macular 
branch retinal vein occlusion with a denser area of 
intraretinal hemorrhage surrounded by a sparser area. ( B ) 
Frame from the mid-phase  fl uorescein angiogram show-
ing dilated, telangiectatic capillaries inferior to the fovea. 

The intraretinal hemorrhage is so dense that capillary per-
fusion is impossible to assess. ( C ) Frame from the late-
phase  fl uorescein angiogram showing late intraretinal 
hyper fl uorescence. ( D ) False-color map OCT display 
showing that the area of the retinal thickening colocalizes 
with the area of the intraretinal hemorrhage. ( E ) OCT line 
scan showing marked thickening of the outer nuclear 
layer, moderate thickening of the inner nuclear layer, and 
subretinal  fl uid under the fovea (the  yellow arrow )       
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 Serous retinal detachment is more easily 
detected by OCT than clinically (Fig.  7.5 ). 67  ,  78  ,  101  ,  
103  ,  130  ,  133  SRD accompanies major BRVO (63%) 
more commonly than macular BRVO (21%). 144  
Most cases of serous retinal detachment also have 
cystoid macular edema. 107  ,  130  ,  135  There is a syn-
drome of a midperipheral BRVO associated with 
serous retinal detachment of the macula in the 
absence of cystoid macular edema. 135  A subreti-
nal blood– fl uid level may develop. In these cases, 
the serous retinal detachment resolves in a few 
months, but macular hard exudates and retinal 
pigment epithelial atrophy may result. 135  The 
presence of serous retinal detachment has been 
associated with more ischemia, a paucity of col-
lateral vessel formation, and a generally poorer 
visual prognosis. 107  

    7.1.2.1   Visual Acuity 

 The visual acuity in acute BRVO can range from 
20/20 to 20/400, but in general the loss of vision 
is less severe than with CRVO. In a population-
based study, 14% of patients had visual acuity 
less than or equal to 20/200. 96  A weighted aver-
age of baseline visual acuities of 223 eyes with 
BRVO from four studies suggests that mean base-
line visual acuity in BRVO is 20/80 (logMAR 
0.59 ± SD0.30). 22  ,  41  ,  106  ,  117  Macular BRVOs have 
better baseline visual acuity than major BRVOs. 
In a series of 35 patients with macular BRVO, the 
average baseline visual acuity was 20/50 (log-
MAR 0.42 ± SD 0.13). 106  Presenting visual acuity 
for superotemporal BRVOs is generally poorer 
than for inferotemporal BRVOs because macular 
edema and ischemia tend to be worse for super-
otemporal BRVOs. 71  The loss of visual acuity 
from BRVO is worse the more proximal the 
occlusion is to the optic disc. 7    

    7.1.3   Chronic Phase 

    7.1.3.1   Clinical Signs 

 Cotton wool spots and intraretinal hemorrhages 
eventually clear, the former within 6 months and 
the latter by 1 year. 74  ,  94  After a year or more, the 
retinal vein in the occluded region may develop 

 fi brotic sheathing (Fig.  7.6 ). 25  ,  103  The venous seg-
ment proximal to the occlusion may become 
 fi brotic. 84  The arteries to the involved quadrant 
can show secondary changes such as sheathing 
and nonperfusion (Fig.  7.6 ). 103   

 Once a branch retinal vein is occluded, pre-
existing collateral vessels that connect adjacent 
venous beds become distended and carry more 
blood  fl ow, tending to decrease the retinal 
venous pressure in the occluded segment (see 
Chap.   1    ). Collateral vessels after BRVO have 
been reported to occur in 60–92% of cases with 
a mean time to development of 6 months (range 
3–24 months). 25  ,  63  ,  94  They commonly occur 
within the retina (Fig.  7.4 ), but if the site of the 
BRVO is close to the optic disc, the collaterals 
may connect retinal to optic disc venules 
(Fig.  7.7 ). 44  ,  84  Collateral venules, unlike retinal 
and disc new vessels, do not leak on  fl uorescein 
angiography (Fig.  7.8 ). As collaterals mature 
over 6–24 months and retinal venous pressure 
drops, vascular permeability can decrease, lead-
ing to spontaneous resolution of macular 
edema. 25  In more severe cases, vascular perme-
ability never recovers, and edema is chronically 

  Fig. 7.6    Example of a branch retinal vein occlusion 2 
years after initial presentation in a 52-year-old woman 
with hypertension. The  black arrows  show intraretinal 
collateral venules that span regions of ischemic retina that 
have a featureless appearance. The artery to the involved 
quadrant has become more sclerotic (the  white arrow ) 
than its counterpart supplying the superotemporal retinal 
quadrant (the  blue arrow ). The occluded inferotemporal 
branch retinal vein has become  fi brotic and sheathed (the 
 green arrows ). All the macular edema that was initially 
present has spontaneously resolved. The visual acuity was 
20/50, and a superior altitudinal scotoma was present       
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present. 19  Remodeling of collateral vessels can 
occur with time. Young collaterals may be 
numerous, but of small caliber. Later, some may 
collapse leaving fewer, larger-bore collaterals to 
carry the venous blood around the damaged 
zone. 25    

 Some eyes with macular BRVO do not have 
macular edema at baseline but develop it over 
follow-up. The best estimate for incidence of 
macular edema after BRVO in eyes free of it at 
baseline is 15% over 7.5 months based on a study 
of 20 eyes. 130  Spontaneous resolution of macular 
edema in BRVO with macular edema at baseline 
is relatively common. Macular edema in BRVO 
as assessed by stereophotography and  fl uorescein 
angiography spontaneously improved in 69% at 
12 months and 80% over 24 months. 106  Other 
studies report spontaneously resolved macular 
edema in 61–80% of eyes at unspeci fi ed follow-
up times. 106  ,  117  ,  129  Spontaneous resolution is less 
commonly observed when OCT is the method of 
detection of macular edema. Only 17% of cases 
had resolution at 4.5 months follow-up in one 
study. 130  

 In BRVO with macular edema but without 
ischemia, the macular edema spontaneously 

resolves in approximately 30% of cases. 22  ,  130  
Chronic CME occurs in 62–70% and hard lipid 
exudates in 41%, usually in eyes with secondary 
microaneurysms or other intraretinal microvas-
cular abnormalities. 22  ,  94  ,  130  Lipid exudation tends 
to be most prominent at the border of the affected 
and normal retina with lesser involvement on the 
peripheral side of the involved retina (Fig.  7.9 ). 141  
Occasionally, massive amounts of lipid exuda-
tion develop, a picture sometimes called adult 
Coats’ disease. 80  ,  126  Persistence of CME past 
6 months is associated with more ischemic 
BRVOs. 130  Retinal pigment epithelial metaplasia 
from chronic CME may develop. 103  Macular hole 
and lamellar macular hole can be seen occasion-
ally (Fig.  7.8 ). 103   

 In cases with serous retinal detachment 
(SRD), spontaneous reabsorption occurs in a 
delayed manner over a range of 2–24 months, 
with a mean time to reabsorption of 15 months. 107  
Reabsorption of subretinal  fl uid can be associ-
ated with subretinal  fi brosis and retinal pigment 
epithelial atrophy. 107  For a group of 15 patients 
with SRD followed without treatment for 
24 months, the mean baseline visual acuity was 
20/160, and the mean 24-month visual acuity 
was 20/400. 107  Larger area of BRVO and higher 
aqueous VEGF levels correlate with develop-
ment of SRD. 105  

 Other clinical signs in chronic BRVO include 
hard exudates (5%) (Fig.  7.9 ), capillary macroan-
eurysms (100- to 250- m  diameter, case reports), 
venous macroaneurysms (16–19%, case reports), 
epiretinal membranes (21%) (Fig.  7.10 ), subreti-
nal scarring (9%), vitreous hemorrhage (5–7%) 
(Fig.  7.11 ), and tractional retinal breaks in the 
ischemic retina (case reports). 25  ,  27  ,  84  ,  114  ,  121  ,  122  ,  125  ,  137  
Macroaneurysms may develop from capillaries, 
arteries, or veins. 84  They are subclassi fi ed by size 
into small (100–149  m ), medium (150–249  m ), 
and large (greater than 250  m ). They may occur 
more commonly in BRVOs with more severe 
capillary nonperfusion. 27    

 Retinal new vessels develop in 22–29% of 
cases of major BRVO and do not develop after 
macular BRVO. 11  ,  57  ,  71  ,  72  ,  94  Retinal neovasculariza-
tion typically occurs at the junction of nonper-
fused and perfused retina (see Fig.   2.20    ).    New 

  Fig. 7.7    A 67-year-old man had a superotemporal branch 
retinal vein occlusion of the right eye. Macular edema was 
present reducing visual acuity to 30/32. The  green arrow  
shows the site of the occlusion at an arteriovenous cross-
ing. The  black arrow  shows collateral venules bypassing 
the thrombus       
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retinal vessels after BRVO lack tight junctions. 109  
The clinical correlate of this is leakiness to 
 fl uorescein during  fl uorescein angiography, a dis-
criminating point from collateral vessels within 
the retina (Figs.  7.7  and  7.11 ). Proliferation of 
new vessels with accompanying  fi brous tissue can 
lead to traction, vitreous hemorrhage (Fig.  7.11 ), 
traction retinal detachment, retinal breaks, and 
rhegmatogenous retinal detachment. 6  ,  24  ,  33  ,  103  ,  119  ,  137  

 Iris neovascularization is not common after 
BRVO but can occur, especially if the area of 
capillary nonperfusion is large. 57  ,  119  Extrafoveal 
vitreous traction detected by OCT has been 
reported in 24% of cases with BRVO. 102  Vitreous 

attachment to the retina in BRVOs with extensive 
capillary nonperfusion is a risk factor for devel-
opment of retinal neovascularization. 65  Ischemic 
BRVO evolves with thinning of the ganglion cell 
and nerve  fi ber layer and sectoral optic disc 
atrophy. 44   

    7.1.3.2   Visual Acuity 

 Older retrospective series with imperfect compa-
rability provide a rough idea of the natural his-
tory of BRVO visual acuity outcomes. 74  ,  94  Based 
on a combined sample of 135 eyes followed for at 
least 1 year, the weighted averages for visual 

  Fig. 7.8    A 51-year-old woman developed a superotem-
poral branch retinal vein occlusion in the left eye with 
macular edema. Visual acuity was 20/50. ( A ) 
Monochromatic fundus photograph shows optic disc col-
lateral vessels ( yellow arrow ). ( B ) A frame from the late-
phase  fl uorescein angiogram shows that the disc collaterals 
do not leak  fl uorescein dye (the  yellow arrow ). Macular 
edema is present. ( C ) A false-color map from time domain 

optical coherence tomography (OCT) shows macular 
edema. ( D ) A line scan from time domain OCT shows 
macular thickening with cysts. ( E ) Follow-up color fundus 
photograph shows a macular hole (the  green arrow ) with 
a cuff of subretinal  fl uid (the  black arrow ). ( F ) Spectral 
domain OCT shows a macular hole with cysts of edema in 
the border tissue. ( G ) False-color map from spectral 
domain OCT shows persistent macular edema superiorly         
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 outcomes suggest that 42% of eyes end with 
visual acuity better than or equal to 20/40, 27% 
with visual acuity in the 20/50–20/100 range, and 
31% with visual acuity of 20/200 or worse 
(Table  7.2 ). 74  ,  94  One older meta-analysis of natu-
ral history studies of BRVO found that 53% of 
patients with BRVO end with a  fi nal visual acuity 
of 20/40 or better. 103  A meta-analysis of more 
recent studies reported that the mean change in 
visual acuity during follow-up ranged from 1 
Early Treatment Diabetic Retinopathy Study 
(ETDRS) letter at 6 weeks to 28 ETDRS letters at 
12–24 months. 117   

 The most reliable data on the natural history 
of visual acuity data in BRVO comes from popu-
lation-based studies of incident cases. In the 
Beaver Dam Eye Study (BDES), 61 eyes suffered 
incident BRVO during 15 years of follow-up. For 
these, the average drop in visual acuity caused by 
the BRVO was 12 ETDRS letters. 72  The BDES 

Fig. 7.8 (continued)

  Fig. 7.9    Fundus image of a chronic branch retinal vein 
occlusion involving the right eye. The visual acuity is 
20/32. Lipid exudates are present at the border of edema-
tous and normal retina and tend to be heavier closer to the 
horizontal raphe and the macula (the  black arrow ) and 
lighter peripherally (the  green arrow ). A cluster of leaking 
microaneurysms is present within the oval area de fi ned by 
the interrupted lipid ring       
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  Fig. 7.10    A 77-year-old man with hypertension had a his-
tory of bilateral branch retinal vein occlusions (BRVO). The 
left BRVO occurred in 1997 and was associated with macu-
lar edema treated by grid laser, but the eye never regained 
better than 20/200 visual acuity. In 2007, examination 
showed a macular epiretinal membrane and chronic cystoid 
macular edema. ( a ) Frame from the middle-phase  fl uorescein 
angiogram shows the irregular telangiectasia superotemporal 
to the fovea. ( b ) Frame from the late-phase of the  fl uorescein 
angiogram shows petalloid hyper fl uorescence surrounding a 

hypo fl uorescent area ( yellow oval ) that was a large cyst (see 
( c )). ( c ) A linear SD-OCT scan shows the large central cyst 
(the  green arrow ) and a macular epiretinal membrane (the 
 yellow arrow ). ( d ) Four linear SD-OCT scans that straddle 
the central scan of C from the  fi ve-raster display show differ-
ent cuts through the large macular cyst and the overlying 
epiretinal membrane (the  yellow arrow ). Surgery was not 
offered to the patient in view of the 10-year history of the 
problem and poor vision and the low probability of improv-
ing visual function even with technically successful surgery       

  Fig. 7.11    Fundus images of a 47-year-old man with unsus-
pected hypertension and a right inferotemporal branch reti-
nal vein occlusion with retinal neovascularization and a 
subhyaloid hemorrhage. ( a ) Monochromatic fundus photo-

graph showing the subhyaloid hemorrhage (the  turquoise 
arrows ) and neovascularization (the  yellow arrow ). ( b ) 
Frame from the middle-phase  fl uorescein angiogram show-
ing the leaky neovascularization (the  yellow arrow )       
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identi fi ed 31 persons with BRVO at baseline. 
Twenty-three were alive and examined 5 years 
later. In these subjects, best corrected visual acu-
ity did not change. 71  

 The untreated arm of the Branch Vein 
Occlusion Study (BVOS) provided natural his-
tory data on 35 eyes with BRVO of duration 
3–18 months excluding cases with macular isch-
emia and foveal hemorrhage. For such eyes, over 
3 years, the average change in visual acuity was 
0.23 Snellen lines of improvement. 138  Thirty-
seven percent of eyes gained two lines of visual 
acuity, and 34% had vision better than or equal to 
20/40 at 3 years of follow-up. 138  The sham arm of 
the Ranibizumab for the Treatment of Macular 
Edema Following Branch Retinal Vein Occlusion 
(BRAVO) study provided natural history infor-
mation on visual acuity for an initial 3 months in 
mostly BRVOs (13% were HCRVOs) with dura-
tions of 0–16 months. 18  In the  fi rst 3 months after 
diagnosis, 17% of 132 eyes in the sham group 
gained greater than or equal to three lines of 
visual acuity. 18  

 The prognosis for visual outcome depends on 
the extent and severity of the initial obstruction, 
the extent of involvement of the FAZ border, the 
initial visual acuity, the extent and timing of col-
lateral vessel formation, the age of the patient, 
and comorbidities of the involved retina. 94  ,  115  Of 
eyes with initial visual acuity greater than or 
equal to 20/50 and followed without treatment, 
90% end with visual acuity greater than or equal 
to 20/50. Of eyes with initial visual acuity less 
than or equal to 20/200, 14–33% end with visual 
acuity greater than or equal to 20/50. 43  ,  115  Of eyes 
with initial visual acuity greater than or equal to 
20/50, 0–5% end with visual acuity less than or 

equal to 20/200. Of eyes with initial visual acuity 
less than or equal to 20/200, 50–83% end with 
visual acuity less than or equal to 20/200. 43  ,  115  

 Extent of capillary nonperfusion may in fl uence 
the natural history of visual outcome. The smaller 
the sector of the foveal avascular zone border 
involved, the better the visual prognosis. 25  ,  94  
Presence of subretinal blood is a negative prog-
nostic sign as it leads to RPE metaplasia. Causes 
for poor  fi nal vision in BRVO are foveal lipid 
deposition, submacular scarring, severe cystoid 
macular edema, and a combination of superior 
and inferior BRVO. 74  ,  94  

 A case series of 45 BRVOs found that eyes 
that developed collaterals had statistically 
signi fi cantly better visual outcomes than eyes 
that did not. 63  Because eyes with BRVOs usu-
ally develop venous collaterals – and reproduc-
ibility of grading collaterals has not been 
demonstrated – this conclusion is an interesting 
hypothesis in need of further testing, but not a 
consensus. 

 For macular BRVO, three studies provide 
information on the course of visual acuity in 
untreated cases. 5  ,  64  ,  106  In a series of 35 patients 
followed without treatment for 24 months, the 
average baseline visual acuity was logMAR 
0.42 ± SD 0.13 (Snellen equivalent 20/50) and 
improved without treatment by an average of 10 
ETDRS letters at 3 months and 14 ETDRS letters 
by 12 months. 106  No further visual acuity improve-
ment was noted between 12 and 24 months. 106  In 
a second study of 64 patients, 20% of eyes expe-
rienced an improvement of greater than or equal 
to two lines. 64  In a third series of 35 patients, the 
mean visual acuity over 2 years improved from 
20/50 to 20/30. 4  

   Table 7.2    Natural history of visual acuity outcomes in branch retinal vein occlusion   

 Study   N   20/40 or better (%)  20/50–20/100 (%)  20/200 or worse (%) 

 Michels and Gass 94   91  51  26  23 
 Foster Moore, cited in Krill    74   15  13  33  53 
 Jensen, cited in Krill 74   29  31  28  45 
 Weighted average  135  42  27  31 

  Visual acuity outcomes in untreated branch retinal vein occlusion followed for at least 1 year  
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 In one study, vision-related quality of life as 
assessed by the Visual Function Questionnaire-25 
was negatively impacted by BRVO even when 
the fellow eye was healthy. 3  The severity of 
impact of unilateral BRVO was less than that of 
diabetic retinopathy, macular degeneration, and 
CRVO. Subscale responses were lower (that is, 
an impact on quality of life was evident) than 
those in healthy subjects. 3      

    7.2   Central Retinal Vein Occlusion 

    7.2.1   Acute Phase 

    7.2.1.1   Symptoms 

 Patients with CRVO may be symptom-free, and 
the condition is discovered on a routine eye 
examination. 48  When symptoms occur, the pre-
dominant one is painless blurring of vision, which 
may have sudden or gradual onset. 47  It is rare to 
have a premonitory period of transient or purple 
blurring before the onset of constant blurring. If 
such a history is obtained, it may point to a nonis-
chemic CRVO with associated cilioretinal artery 
insuf fi ciency. 53  ,  60  Patients frequently complain of 
worse vision in the morning improving over the 
course of the day, a phenomenon attributed to 
worse macular edema in the morning with lessen-
ing over the course of the day. 57  

 The visual  fi eld depends on the status of reti-
nal capillary perfusion. In nonischemic CRVO, 
the visual  fi eld frequently shows a central sco-
toma to small test objects but is normal to larger 
ones. 47  Ischemic CRVO has more dramatic loss 
of visual  fi eld, which can have irregular shapes. 

 The clinical picture of CRVO changes over 
time, so an awareness of duration of the condition 
is important in accurately interpreting the clinical 
picture. 48  ,  54   

    7.2.1.2   Clinical Signs 

 The clinical picture and de fi nition used in many 
clinical studies of CRVO is intraretinal hemor-
rhage and dilated, tortuous retinal veins in all 
four quadrants of the fundus (Fig.  7.12 ). 10  ,  28  ,  112  
Many other  fi ndings may be a part of the clini-
cal picture, but these are the minimal require-
ments. Among the other  fi ndings commonly 
found are a relative afferent pupillary defect 
(RAPD), cotton wool spots, macular edema, 
disc edema (Fig.  7.12 ), perivenular retinal whit-
ening (Fig.  7.13 ), cilioretinal arteriolar 
insuf fi ciency (CRAI) (Fig.  7.14 ), anterior seg-
ment neovascularization (ASNV), retinal neo-
vascularization, and vitreous hemorrhage. 42  ,  62  ,  112  
The severity of some of these signs roughly 
correlates with ischemia. Greater severity of a 
RAPD, intraretinal hemorrhages, and a greater 
number of cotton wool spots correspond to 
greater ischemia. 47  Nonischemic CRVOs 

     Why Does    the Visual Outcome in Nonischemic, Macula-Involving Branch Retinal Vein 
Occlusions Usually Vary with the Size of the Involved Retina? 

 The most common cause of visual loss in nonischemic BRVO is macular edema. A key variable 
in the visual outcome of BRVO with macular edema is the ratio of the circumference of the 
involved region to the area of the involved region. The extent of collateral venous drainage is a 
function of the circumference of the involved retina. A higher ratio of circumference to area 
implies more potential collaterals to drain the obstructed venous  fl ow. 25  This ratio goes down as 
the area of the region increases. Therefore, BRVOs of large area with macular edema generally 
have a poorer outcome than BRVOs of small area with macular edema. Examples are shown in 
Fig.  7.3  (small involved region with better visual outcome) and Fig.  7.8  (larger involved region 
with worse visual outcome). 
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 comprise 50–81% and ischemic CRVOs 
19–45% with the remainder as indeterminate 
(see Chap.   9    ). 48  ,  49  ,  52  ,  57  ,  76  ,  81  ,  95  ,  112  Subhyaloid macu-
lar bleeding is a variant of vitreous hemorrhage 
that has been reported in association with CRVO 
in young patients with attached posterior 
hyaloid (Fig.  7.12 ). 75  Occasionally, break-

through bleeding into the vitreous cavity occurs 
during the acute phase of CRVO. 26     

 There is a correlation of the degree of isch-
emia of a CRVO and the presence and magni-
tude of the relative afferent pupillary defect 
(RAPD) as determined by the use of neutral-
density  fi lters or cross-polarized  fi lters. 113  ,  128  

  Fig. 7.12    The natural history of ophthalmoscopic fundus 
signs of central retinal vein occlusion is variable and is 
time dependent. ( a ) Color fundus photograph of an acute 
nonischemic central retinal vein occlusion. Venous dila-
tion is present in all four quadrants of the fundus, together 
with intraretinal hemorrhages. A peripapillary cotton 
wool spot is present superiorly ( black arrow ). The optic 
disc is edematous. An unrelated inferior peripapillary 
choroidal nevus is present and is partially obscured by 
intraretinal hemorrhage. ( b ) Color fundus photograph of 
the macula taken at the same time as ( a ). That the macula 

is edematous can be inferred by the lack of darker macular 
color (the  yellow oval ). ( c ) One year later, most signs have 
spontaneously disappeared. Two small hemorrhages 
remain, one above and another below the disc (the  black 
arrows ). The optic disc edema has resolved, as has venous 
dilation. The resolution of these signs occurred in the 
absence of any treatment; optic disc collateral vessels did 
not develop. ( d ) Macular photograph taken at the same 
time as ( c ). The macular edema has spontaneously 
resolved with return of the normal darker macular color 
(the  yellow oval )       

 

http://dx.doi.org/10.1007/978-1-4614-3439-9_9
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 Serous retinal detachment (SRD) was known to 
occur in CRVO in the era before optical coherence 
tomography (OCT), but the modalities of clinical 
examination with contact lens, noncontact lens, 
and  fl uorescein angiography underestimated its 
frequency. 123  ,  134  With OCT, 82% of cases of acute 
CRVO have been found to have serous retinal 

detachment along with cystoid macular edema. 104  
It has been speculated that presence of SRD may 
be an indicator of ischemia or retinal traction by 
epiretinal membranes. 33  ,  123  Part of the reason for 
the modest correlation of OCT-measured macular 
thickness and best corrected visual acuity in CRVO 
may be the presence of subretinal  fl uid. 

Nonischemic CRVO is associated with a RAPD 
less than 0.3 log units in amplitude. An RAPD 
greater than or equal to 0.9 log units implies that 
a CRVO is ischemic. Ischemic CRVO is not 

associated with an RAPD less than 0.6 log units, 
and in 91% of cases are associated with an 
RAPD greater than or equal to 1.2 log units. 128  
The test is less useful in patients with poorly 
reactive pupils, but in such cases, the quantita-
tive brightness comparison test can provide sim-
ilar clinical information. 15  

 Cotton wool spots are white areas of axoplas-
mic  fl ow stasis in areas of ischemia (see Chaps.   1     
and   2    ). In CRVO, they form a ring around the 
optic disc in the area roughly served by the radial 
peripapillary capillaries (Fig.   2.24    ) Their mean 
distance from the optic disc is 2.02 ± SD0.88 disc 
diameters. 83  A white zone of axoplasmic  fl ow sta-
sis within an area of retinal opaci fi cation from 
cilioretinal arteriolar insuf fi ciency is sometimes 
confused with cotton wool spots. 51  

 The intraocular pressure of an eye with CRVO 
is frequently lower than normal in the  fi rst month 
after the occlusion. 51  ,  55  ,  59  The mechanism is 
unknown. 51  Occasionally, patients with acute 
RVO present with simultaneous angle closure 
glaucoma due in some cases to a suprachoroidal 
effusion. 40  ,  92  ,  93  ,  132  

  Fig. 7.13    Fundus image of an eye with a nonischemic 
central retinal vein occlusion (CRVO) and perivenular 
ischemic retinal whitening (the  yellow arrows ). This is a 
clinical sign of CRVO most often found in younger patients 
with low blood pressure. It resolves without sequelae after 
a few days as retinal venous blood  fl ow increases, presum-
ably through the action of optic disc collaterals       

     When Retinal Venous Congestion and Optic Disc Edema Are Not Central Retinal Vein 
Occlusion 

 Increased intracranial pressure is transmitted throughout the subarachnoid space which extends 
along the sides of the optic nerve. The central retinal vein passes through this space on its path 
to the orbit and thus undergoes increasing compression, which leads to central retinal venous 
dilation and retrograde dilation of other retinal veins. 116  The clinical point is that retinal venous 
congestion is not synonymous with central retinal vein occlusion. Other causes of retinal venous 
dilation, including elevated cerebrospinal  fl uid pressure, should be considered. A distinguish-
ing point is the greater prominence of disc edema relative to venous dilation in cases of elevated 
cerebrospinal  fl uid pressure. 

 

http://dx.doi.org/10.1007/978-1-4614-3439-9_1
http://dx.doi.org/10.1007/978-1-4614-3439-9_2
http://dx.doi.org/10.1007/978-1-4614-3439-9_2#Fig24
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 Perivenular ischemic retinal whitening (PIRW) 
is characterized by a small zone of retinal whiten-
ing immediately adjacent to venules within the 
affected region, presumably because the blood in 
this zone is more deoxygenated than in zones adja-
cent to arterioles (Fig.  7.13 ). 14  PIRW occurs in the 
perimacular region, but not the peripheral retina. 
Capillary perfusion as assessed by  fl uorescein 
angiography is maintained in PIRW. Therefore, 

PIRW represents a functional insuf fi ciency in 
which the oxygen delivery is subnormal and 
induces loss of retinal transparency. However, the 
tissue is perfused and is capable of return of func-
tion and transparency if the hemodynamic circum-
stances improve, which frequently occurs in a few 
days. In some cases, the ischemic whitening is not 
so localized to the perivenular retina but is clearly 
not con fi ned to the distribution of an artery as in a 

  Fig. 7.14    Images from a 56-year-old female with a nonis-
chemic central retinal vein occlusion of the left eye with 
associated cilioretinal artery insuf fi ciency. The visual acu-
ity was 20/20 in the left eye, and her complaint was of an 
inferior paracentral scotoma on the left. ( A ) Color fundus 
photograph of the left eye shows dilated retinal veins in all 
four quadrants with scant intraretinal hemorrhages in all 
quadrants and mild nasal rim optic disc edema. The peri-
macular retina supplied by a superotemporal cilioretinal 
artery is relatively opaci fi ed, re fl ecting decreased blood 
 fl ow and hypoxia (the  black oval circles  the opaci fi ed 
area). The distribution of hemorrhages is no different in 
the area of cilioretinal arteriolar insuf fi ciency than in the 
retina supplied by the central retinal artery, a clinical 
observation that falsi fi ed an older hypothesis that central 
retinal artery obstruction was necessary to produce the pat-
tern of hemorrhages seen in human CRVO. 87  ( B ) Frame 

from the early venous phase of the  fl uorescein angiogram 
of the left eye. The  purple arrow  denotes the cilioretinal 
artery. The  blue arrow  denotes a branch retinal artery that 
supplies an adjacent area of the retina. Note that the origins 
of the branch retinal artery and the cilioretinal arteries are 
distinct. The  yellow arrow  denotes a second-order cilioret-
inal arteriole that supplies the hypoxic, opaci fi ed retina. 
There is no infarction. The perfusion of capillaries is sus-
tained. The hypoxia is functional, relating to an imbalance 
between the available blood  fl ow and the high oxygen 
demands of the perimacular inner retina. ( C ) Magni fi ed 
view of the disc and superior macula. The cilioretinal 
artery is indicated by the  black arrow . ( D ) Magni fi ed view 
of the disc and superior macula from the early venous 
phase  fl uorescein angiogram. The  red arrow  denotes the 
distinct origin of the cilioretinal artery compared to the 
adjacent branch retinal artery       
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branch retinal artery occlusion (Fig.  7.22 ). These 
cases have led to the broader terminology of patchy 
ischemic retinal whitening. 14  

 Approximately 4% of CRVOs have associated 
cilioretinal arteriolar insuf fi ciency (CRAI) 
(Fig.  7.14 ). 51  Many of these cases occur in patients 
with nonischemic CRVOs in patients under age 50 
without hypertension and often with relatively low 
blood pressure. 46  ,  51  ,  90  ,  143  ,  147  The mean age of the 21 
patients with CRAI in two case series was 
54.2 ± SD17.0 compared to a mean age for CRVO 
in general of 61.8 ± SD16.5 in a case series of 612 
CRVOs ( P  = 0.0385, unpaired  T  test). 13  ,  60  ,  91  The 
proportion of cases of CRVO with CRAI that are 
nonischemic is higher than the proportion of nonis-
chemic CRVOs in general. 51  If rapid-sequence 
frames are taken in the  fl uorescein angiogram dur-
ing the early phase, it is often possible to see the 
cilioretinal arteries in these cases  fi lling before the 
retinal arteries and demonstrating pulsatile blood 
 fl ow and intermittent retrograde  fl ow, implying that 
the increased venous pressure associated with the 
CRVO is imposing hypoperfusion on the region of 
the retina supplied by the cilioretinal artery. 48  ,  51  ,  99  

 Visual acuity outcomes are often excellent in 
patients with CRAI. They need not have absolute 
or any scotomata in the area of the cilioretinal 
arteriolar whitening indicating that these need not 
be infarctions, though they have been termed 
such. 51  ,  69  Cilioretinal arteriolar insuf fi ciency may 
be a more accurate term for the clinical phenom-

ena. 51  ,  143  When scotomata are present upon diag-
nosis, they usually diminish in size and elevation 
of threshold with follow-up. 13  ,  51  Many patients 
with CRVO or HCRVO with cilioretinal arteries 
do not develop cilioretinal arteriolar insuf fi ciency. 51  
It is important to distinguish this syndrome from 
combined CRVO and central retinal artery occlu-
sion because they have different prognoses; visual 
outcome in the latter is much worse. 111  

 Mcleod has contended that CRAI in CRVO is 
not due to increased cilioretinal arteriolar resis-
tance to  fl ow either due to the Bayliss effect or due 
to an excessively high vasomotor tone of cilioreti-
nal arterioles. 91  Instead, he hypothesized that an 
unusually distal origin of the posterior ciliary 
artery along the ophthalmic artery (which would 
lower its pressure relative to that of a more proxi-
mally offshooting central retinal artery) or partial 
arteriolar narrowing of the posterior ciliary arteries 
from atherosclerosis might plausibly explain the 
pathophysiology. 91  Others have suggested local 
arteriolar vasospasm of the cilioretinal artery. 20  

 High-grade obstruction of the central retinal 
vein can cause central retinal artery insuf fi ciency 
as well, along with ischemic retinal whitening of 
the macula similar to that seen with central reti-
nal artery occlusion. Although these cases are 
often called combined central retinal artery and 
vein occlusions, they can be entirely explained as 
a consequence of high-grade central vein occlu-
sion (see Fig.   2.24    ). 120  

     What Is the Relationship of Central Retinal Artery Pressure and Cilioretinal Artery 
Pressure? 

 The cilioretinal artery is supplied by the posterior ciliary arteries, not the central retinal artery. 
No one has measured the intraluminal pressure of the central retinal artery and the cilioretinal 
artery, so all arguments regarding their relative intraluminal pressures are based on indirect 
evidence. 91  Many have assumed that they are equal. 9  Others have reasoned that the cilioretinal 
artery has a lower intraluminal pressure than the central retinal artery, estimated to be 7 mmHg 
lower, because cilioretinal artery insuf fi ciency is seen under circumstances in which central 
retinal artery perfusion is unaffected. 9  ,  14  The fact that cilioretinal artery insuf fi ciency with asso-
ciated ischemic whitening is found only in the retinal region supplied by the cilioretinal arteri-
ole supports the view that cilioretinal artery pressure is lower than central retinal artery pressure. 
In a CRVO, the venous pressure can rise to a level suf fi cient to impede cilioretinal artery perfu-
sion but not central retinal artery perfusion. 

http://dx.doi.org/10.1007/978-1-4614-3439-9_2#Fig24


176 7 The Clinical Picture and Natural History of Retinal Vein Occlusions 

 Although the clinical picture of acute CRVO 
is fairly speci fi c, the retinopathy of carotid occlu-
sive disease, sometimes called the ischemic ocu-
lar syndrome, has been confused with CRVO by 
clinicians. The features that distinguish this con-
dition are the low central retinal artery perfusion 
pressure, best assessed by lightly pressing on the 
eye during ophthalmoscopy, and the uniform 
absence of optic disc edema. 68       

    7.2.1.3   Visual Acuity 

 The visual acuity at the time of diagnosis of 
CRVO can vary from 20/20 to hand motions 
depending on the degree of ischemia. 56  ,  86  ,  140  
Twenty-nine percent of eyes with CRVO have 
baseline visual acuity of greater than or equal to 

20/40, 43% of eyes have visual acuity 20/50–
20/200, and 28% of eyes have baseline visual 
acuity less than 20/200. 140  In a population-based 
study, the visual acuity of 60% of patients with 
CRVO was less than 20/200. 96  The median base-
line visual acuity in eyes with CRVO in a large 
randomized clinical trial was 20/80. 140  In the pop-
ulation-based BDES, the average decrease in 
visual acuity of patients with incident CRVO was 
22 ETDRS letters. 72  

 Baseline visual acuity in CRVO depends on 
the perfusion status of the retina. Using the 
Hayreh de fi nition for classifying eyes with CRVO 
as nonischemic or ischemic, the median baseline 
visual acuity for nonischemic CRVO in one study 
was 20/40–20/60. 56  The median visual acuity for 
ischemic CRVO was counting  fi ngers. 56    

     Retinal Whitening Does Not Equal Infarction 

 The literature on cilioretinal arteriolar circulatory changes in CRVO implies that when whiten-
ing occurs in the distribution of the cilioretinal artery, infarction has occurred. 91  ,  124  In some 
cases it has, and in these cases a scotoma is permanent. 115  In most cases, however, the fundus 
signs resolve, as do the scotomata, implying that no infarction has occurred. The opaci fi cation 
of the retina is not equivalent to infarction but may just be a sign of temporary insuf fi cient per-
fusion and tissue hypoxia, which has been termed cilioretinal arteriolar insuf fi ciency. 16  

 For example, in their article on cilioretinal artery “occlusion” in CRVO, Schatz and col-
leagues write, “Although evidence of retinal infarction is present because of the presence of 
white (pale) retina in the area of the cilioretinal artery, it appears that the visual function can 
improve. 124 ” What this statement means is that ischemic retinal whitening is not equivalent to 
infarction. There are levels of whitening that imply dysfunction, but in which cellular death has 
not occurred. There is no scotoma on visual  fi eld testing, nor is there atrophy of the nerve  fi ber 
layer after the whitening has resolved. 51  ,  143  

     A Clinical Picture Predicted by a Hypothesis 

 The explanation for cilioretinal arteriolar insuf fi ciency in CRVO predicts an interesting clinical 
picture yet to be documented. If one were to have a patient with a HCRVO and a cilioretinal 
artery partially feeding the zone of retina drained by the blocked HCRV and partially feeding 
the zone supplied by the unobstructed HCRV, then one would expect to see ischemic retinal 
whitening only in the part of the zone fed by the cilioretinal artery that is in the distribution of 
the obstructed HCRV. 89  Cases of HCRVO with a cilioretinal artery have been reported, but this 
phenomenon has not yet been observed. 51  
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    7.2.2   Chronic Phase 

 Central retinal vein occlusion often has a pro-
gressive course. For nonischemic CRVO, but not 
for ischemic CRVO, all signs can resolve and 
visual acuity can return to 20/20 (Fig.  7.15 ). The 
milder the CRVO at the time of diagnosis, the 
more likely it is that spontaneous resolution of 
signs and symptoms will occur. On the other 
hand, the severity of CRVO frequently worsens 
over time. With respect to ischemia, this is called 
conversion from a nonischemic to an ischemic 
form. Less well known, however, is the progres-
sion of CRVO within one category – for example, 
from nonischemic with fewer intraretinal hemor-
rhages without macular edema to nonischemic 
with more intraretinal hemorrhage plus macular 
edema (Fig.  7.16 ). A meta-analysis of 53 articles 
on CRVO found only three studies comprising 
six patients followed in such a way that develop-
ment of macular edema when none was present at 
baseline could be assessed. Of those six patients, 
two progressed to develop macular edema. 86  In 
the population-based BDES, 18 eyes suffered 
incident CRVO during 15 years of follow-up. Of 
these, seven (39%) developed macular edema. 72    

 Conversion of CRVO from nonischemic to isch-
emic depends on the de fi nitions used for these 
terms. With the most rigorous de fi nition, 7% con-
vert during follow-up. 54  With a de fi nition that 
depends only on  fl uorescein angiography, 3.3% 
convert by 4 months and 34% convert over 3 
years. 140  Conversion rates using different  fl uorescein 
angiography-based de fi nitions as high as 25% have 
been reported over 1 year of follow-up and 54% 
over a mean of 2 years follow-up. 2  The wide vari-
ability re fl ects unsatisfactory understanding of what 
ischemic means. 86  As determined in multiple regres-
sion analysis, prognostic factors for conversion of 
nonischemic to ischemic CRVO are male gender, 
number of clinical risk factors, presence of hyper-
tension, and presence of a history of cardiovascular 
disease. 39  Studies for prognostic factors associated 
with spontaneous resolution of CRVO are lacking. 

 Untreated macular edema in CRVO typically 
persists for a long time. 56  In one study, the median 
time to macular edema resolution was 23 months 
for nonischemic CRVO and 29 months for isch-
emic CRVO. 56  The percentage of cases with spon-
taneous resolution in a sample of studies that have 
looked at the issue ranges from 0% to 73% over 
7–18 months, a uselessly wide range that may 

  Fig. 7.15    Fundus photographs of an eye from a 56-year-
old man with a nonischemic central retinal vein occlusion 
that spontaneously improved. ( a ) In 1990, this patient was 
seen with acute onset of blurred vision of the right eye. 
Visual acuity was 20/25. Dilated, tortuous veins, a few 

intraretinal hemorrhages, and mild macular edema were 
present. The visual acuity was 20/25. ( b ) Over the next 
year, the fundus picture returned to normal. Note the reso-
lution of venous dilation, tortuosity (compare the  black 
arrows  in ( a ) and ( b )), and intraretinal hemorrhages       
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re fl ect the uncertainty of clinical detection of mac-
ular edema in the era before optical coherence 
tomography (OCT) (Table  7.3 ). In the OCT era, 
one study of  fi ve nonischemic CRVOs with macu-
lar edema reported a mean decrease in macular 
thickness of 173  m  over 6 months. 1  When macular 
edema persists, the risk of deterioration of visual 
acuity by greater than or equal to three Snellen 
lines is 3.22 times the risk in eyes in which macular 
edema resolves (95% CI 1.86–5.57). 56  As deter-
mined in multiple logistic regression analysis, 
prognostic factors for persistence of macular edema 
in nonischemic CRVO are history of cardiovascu-
lar disease, hyperlipidemia, and initial severity of 
macular edema. 39  Chronic macular edema and 
macular cysts in CRVO can result in a lamellar or 
full thickness macular hole (Fig.  7.17 ). 37  ,  131    

 Late changes that can follow CRVO are foveal 
hyperpigmentation (Figs.  7.18  and  7.19 ), macu-
lar retinal pigment epithelial atrophy (Fig.  7.20 ), 
and epiretinal membranes. All of these are asso-
ciated with visual acuity deterioration in nonisch-
emic CRVO cases with good initial visual acuity. 56  
Absence of foveal pigmentation, but not absence 
of epiretinal membrane, is associated with visual 
acuity improvement in nonischemic CRVO cases 
with poor initial visual acuity. 56  Presence of 
foveal hyperpigmentation or epiretinal membrane 
had no effect on visual acuity outcome in isch-
emic CRVO. 56     

 Retinochoroidal collateral veins that occur at 
the optic disc after CRVO have many synonyms 
in the literature, including retinociliary veins, 
optociliary veins, optociliary shunts, optociliary 

  Fig. 7.16    Progression in severity of a nonischemic cen-
tral retinal vein occlusion. ( a ) Fundus photograph at pre-
sentation of an eye with a mild nonischemic CRVO. The 
retinal veins are dilated, only a few intraretinal hemor-
rhages are present, and there is no disc or macular edema. 
Visual acuity was 20/20. ( b ) Four weeks later, the visual 
acuity has dropped to 20/25, there are many more intraret-
inal hemorrhages, and the disc is edematous (compare 
 black arrow  in ( a ) to  black arrow  in ( b )). ( c ) Horizontal 
SD-OCT line scan through the fovea at presentation shows 
a normal macular morphology and thickness 
(CSMT = 276  m ). ( d ) Four weeks later, CSMT has 
increased to 287  m , the foveal depression is preserved, but 
some  fi ne morphological changes can be noted such as 
less de fi nition between the ganglion cell layer and the 
inner plexiform layer (compare the  green arrow  in ( c ) to 
the  purple arrow  in ( d )) and a more pronounced pattern of 
interdigitating extensions of the outer plexiform layer and 
the outer nuclear layer (compare the  orange      arrow  in ( c ) 
to the  orange arrow  in ( d )). ( e ) Red-free fundus photo-

graph taken 9 months after presentation shows that the 
optic disc edema has resolved (compare the  yellow arrow  
of ( e ) to the  black arrow  of ( b )) and there are fewer 
intraretinal hemorrhages. ( f ) Frame from the early venous 
phase of the  fl uorescein angiogram done 9 months after 
presentation shows good capillary perfusion, as was pres-
ent peripherally as well (not shown), thus this CRVO has 
not converted from nonischemic to ischemic but has sim-
ply progressed along the severity path within the nonisch-
emic category. ( g ) Frame from the late-phase  fl uorescein 
angiogram shows insigni fi cant disc hyper fl uorescence 
(the  orange arrow ), corresponding to the absence of disc 
edema, and the presence of cystoid macular edema (the 
 yellow arrow ). ( h ) Line scan from the SD-OCT taken 9 
months after presentation shows macular edema 
(CSMT = 519  m ) with morphologic cysts (the  yellow 
arrow ) that correspond to the petalloid cysts on the 
 fl uorescein angiogram and subretinal  fl uid (the  orange 
arrow ) that could not be appreciated clinically         

   Table 7.3    Spontaneous resolution of macular edema in central retinal vein occlusion   

 Study/ N   Type CRVO or HCRVO  Follow-up time (months) 
 Spontaneous resolution of 
macular edema (%) 

 CVOS 21   ND  12  0 
 Hayreh and Hayreh 52   I-HCRVO  Mean 14.4  23 
 Hayreh and Hayreh 52   NI-HCRVO  Mean 17.6  21 
 Laatikainen et al. 77   I-CRVO  90% Followed for at least 

12 months 
 73 

 May et al. 85   NI-CRVO  6  36 

  Data from McIntosh et al. 86  
  ND  not determined,  I-CRVO  ischemic central retinal vein occlusion,  NI-CRVO  nonischemic central retinal vein occlu-
sion,  I-HCRVO  ischemic hemicentral retinal vein occlusion,  NI-HCRVO  nonischemic hemicentral retinal vein 
occlusion  
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  Fig. 7.18    Fundus images illustrating the effects of long-
standing macular edema in central retinal vein occlusion. 
( A ) Red-free photograph of the left fundus of a patient 
who experienced a central retinal vein occlusion 2 years 
earlier.  Yellow arrow  denotes an optic disc collateral ves-
sels.  Orange arrow  denotes lipid exudate. ( B ) Frame from 
the early-phase  fl uorescein angiogram showing the dilated 
microvasculature in the posterior pole. ( C ) Frame from 
the late-phase  fl uorescein angiogram showing petalloid 
hyper fl uorescence in the macula corresponding to cystoid 
macular edema. ( D ) OCT images of the same eye. The 
false-color map shows widespread macular thickening 

with a central sub fi eld macular thickness of 591  m . The 
line scan image shows cystoid spaces in the inner and 
outer nuclear layers. ( E ) Two years later, gray venous 
sheathing is apparent ( turquoise arrow ). The optic disc 
collateral vessel is unchanged ( black arrow ). The macular 
edema has spontaneously resolved leaving mottling of the 
retinal pigment epithelium ( tan arrow ). ( F ) OCT false-
color map showing that the central sub fi eld macular thick-
ness has decreased to 215  m . ( G ) OCT line scan shows 
resolution of the cystoid edema and disruption of the inner 
segment/outer segment junction. The visual acuity at this 
time is 20/200         

  Fig. 7.17    A 60-year-old female with hypertension was 
seen in 2004 with acute nonischemic CRVO of the right 
eye and visual acuity of 20/400 secondary to macular 
edema. Treatment options of intravitreal triamcinolone 
and bevacizumab were offered to her, but she elected 
observation due to lack of insurance and inability to afford 
the cost of care. In 2010, now on Medicare, she returned 
for reconsideration of treatment. Her visual acuity was 
counting  fi ngers at 5 ft, and she had developed a lamellar 

macular hole (the  green arrow  and OCT  inset ). Disc col-
laterals (the  black arrows ), scant hard lipid exudate (the 
 purple arrow ), and intraretinal microvascular abnormali-
ties (the  yellow arrow  and  magni fi ed inset ) were present. 
The arterioles show chronic hypertensive changes, and 
arteriovenous nicking is present. The OCT shows that 
macular cysts are present in both the outer nuclear and 
inner nuclear layers       
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collaterals, papillary vascular loops, and optocili-
ary anastomoses. 35  ,  38  ,  136  In different studies, these 
collateral vessels develop at a median time of 
4–15 months (range 1–18 months) after CRVO in 
30–77% of patients. 35  ,  38  ,  45  ,  47  ,  56  ,  136  ,  142  These are pre-
existing but hemodynamically unimportant 

 channels draining the retinal venous return into 
the choroid where it exits the eye via the vortex 
veins, primarily nasally. 35  ,  38  ,  136  Disc collaterals 
are found more commonly in eyes with poor ini-
tial visual acuity. 58  Eyes with CRVO that develop 
optic disc collateral vessels are associated with 
relative protection from anterior segment neovas-
cularization, but not macular edema (Figs.  7.17  
and  7.19 ). 35  Eyes with ASNV are 25 times less 
likely to develop optic disc collateral vessels than 
eyes without ASNV, suggesting a strong protec-
tive effect of disc collaterals against ASNV. 35  
Although there is some inconsistency in the lit-
erature, the consensus is that the presence of col-
lateral vessels does not correlate with improved 
 fi nal visual acuity,  fi nal resolution of macular 
edema, or ischemic status of the CRVO but is 
related to how long it takes for macular edema to 
resolve. 8  ,  38  ,  45  ,  47  ,  56  ,  110  ,  112  Resolution of macular 
edema takes longer in eyes that develop disc col-
laterals. 56  In fact, one series has reported worse 
visual acuity outcomes in nonischemic CRVOs 
with poorer initial visual acuity among the group 
that developed collaterals. 56  In the ischemic 
CRVOs, development of collaterals was not asso-
ciated with worse visual acuity outcomes. 56  
Younger patients develop optic disc collaterals at 
a rate similar to older patients. 34  Retinochoroidal 
collateral vessels may be the only sign of an old 
CRVO, but other conditions, including glaucoma, 

  Fig. 7.20    Color fundus photograph of a patient who 
developed a central retinal vein occlusion with macular 
edema of the right eye 4 years before this photograph. 
Without any treatment, the macular edema eventually 
resolved spontaneously, leaving geographic atrophy of the 
retinal pigment epithelium (the  blue arrows ). Optic disc 
collaterals developed as well (the  black arrows ). The 
visual acuity is 20/400       

  Fig. 7.19    Color fundus photographs of an eye that pre-
sented with a nonischemic central retinal vein occlusion, 
which became more ischemic, and eventually developed 
optic disc collateral vessels and foveal hyperpigmentation 
from chronic macular edema. ( a ) Appearance of the fun-
dus at baseline. A nonischemic central retinal vein occlu-
sion is shown. The visual acuity is 20/30. ( b ) Four months 

later, the central retinal vein occlusion has worsened with 
more intraretinal hemorrhage and macular edema. The 
visual acuity is 20/125. ( c ) Appearance of the fundus 
11 months after the baseline presentation. An optic disc 
collateral is present (the  black arrow ). Chronic macular 
edema has led to foveal pigment epithelial metaplasia (the 
 blue arrow ). The visual acuity is 20/160       
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 In the late stage, macular atrophic scarring 
and sheathing of retinal veins can develop 
(Fig.  7.21 ). Rarely, choroidal neovascularization 
can follow CRVO with chronic macular edema. 32    

    7.2.2.1   Visual Acuity 

 The natural history of CRVO is guarded. After 3 
years, 58% of eyes have visual acuity worse than 

20/100. Less than 20% of eyes will gain greater 
than or equal to two lines of visual acuity. 139  

 The visual prognosis depends most predict-
ably on the initial visual acuity. 140  The poorer the 
initial visual acuity, the worse the  fi nal visual out-
come. 140  The prognostic importance of initial 
visual acuity is greatest when it is obtained within 
30 days of the CRVO. 140  In the CVOS, the major-
ity of eyes stayed in the visual acuity category 

optic nerve sheath meningioma, and chronic 
papilledema, can cause them. 38  Once formed, 
retinochoroidal collaterals tend not go away, 
although rarely they do. Their diameters and 
location on the optic disc have been observed to 
change over years of follow-up. 38  ,  108  

 Anterior segment neovascularization (ASNV) 
develops in 16–70% of ischemic CRVOs. 17  ,  36  ,  48  ,  54  ,  5
6  ,  57  ,  61  ,  62  ,  81  ,  82  ,  112  ,  140  ,  146  If ASNV is going to develop, it 
usually does so in the  fi rst 7 months with an aver-
age time of onset of 4 months. 57  ,  98  Retinal and disc 
neovascularizations are less common than ASNV 
after CRVO, for unknown reasons, and tend to 
develop later, with median time to occurrence of 
12 months. 57  ,  98  In the population-based BDES, 18 
eyes suffered incident CRVO during 15 years of 
follow-up. Of these, three (17%) had retinal neo-
vascularization. 72  Without treatment, most eyes 
developing ASNV after ischemic CRVO will 
develop neovascular glaucoma (see Chap.   11    ). 
The risk of neovascular glaucoma developing in 

eyes with ischemic CRVO is 23–60% over 
12–15 months. 86  The risk in eyes that convert from 
nonischemic to ischemic CRVO is 33%. 56  

 Four variables have been tested for ability to 
predict ASNV after CRVO – capillary dropout 
greater than 10 disc areas, initial Snellen visual 
acuity less than 20/200, implicit time on 30 Hz 
 fl icker fusion electroretinogram greater than 
37 ms, and presence or absence of optic disc 
edema. 62  For development of neovascular com-
plications, the presenting variable of highest 
prognostic import is implicit time on 30 Hz  fl icker 
fusion electroretinogram greater than 37 ms 
(kappa = 0.69), followed by initial visual acuity 
less than 20/200 (kappa = 0.60), capillary dropout 
greater than 10 disc areas (kappa = 0.49), and 
absence of optic disc edema (kappa = 0.28). 62  In 
another study, predictive factors for occurrence 
of anterior or posterior neovascularization were 
male gender (higher risk) and baseline visual 
acuity (worse confers higher risk). 39  

     Why Are Optic Disc Collaterals Associated with Worse Initial and Final Visual Acuity 
After CRVO? 

 A plausible hypothesis for the noted observation, counter to common intuition, has been 
advanced by Hayreh. 56  The severity of CRVO depends on location of the thrombus in the optic 
nerve. The more anterior the thrombus, the worse the CRVO. If a thrombus occurs more ante-
riorly in the optic nerve, there are fewer preexisting channels to allow the retinal venous drain-
age to bypass the clot. Therefore, the preexisting collaterals on the optic disc are the only ones 
available to serve in that capacity, and they become swollen and clinically obvious. In cases in 
which optic disc collaterals are not visible clinically, they are by inference present in an unseen 
location behind the lamina cribrosa. These are cases with more posteriorly located clots which 
are less severe, have more collaterals between clot and lamina for venous drainage, and have 
better presenting visual acuities. 56  

http://dx.doi.org/10.1007/978-1-4614-3439-9_11
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they occupied initially or got worse (Table  7.4 ). 140  
If the baseline BCVA was less than 20/200, there 
was a 79% chance of BCVA less than 20/200 at 
the  fi nal visit regardless of baseline perfusion sta-
tus on  fl uorescein angiography. 140   

 Another way to look at visual prognosis is to 
look at categories of visual acuity at baseline and 
again at follow-up. Unlike the method used in the 
CVOS, this method does not track the migration 
of eyes between categories but allows a general 
view about the prognosis at the group level. This 
approach was used in a prospective study by 
Glacet-Bernard and colleagues of 124 patients 
with 127 CRVOs followed for at least 6 months 
with mean follow-up of 2 years. In this study, 
28% of eyes had baseline visual acuity of greater 
than or equal to 20/30, a percentage that was 
unchanged at  fi nal follow-up. The group with 
visual acuity 20/40–20/200 declined from 40% at 
baseline to 22% at  fi nal follow-up. The group 
with visual acuity of less than 20/200 increased 
from 32% at baseline to 50% at  fi nal follow-up. 39  
The message of this analysis agrees with that of 
the CVOS – visual acuity in untreated CRVO 
generally declines. 

 Visual prognosis has also been strati fi ed by 
level of ischemia, but the results of such analyses 
are inconsistent. Quinlan and colleagues found 
no important difference between the outcomes of 
nonischemic and ischemic eyes in a retrospective 
study of 157 eyes with CRVO. 112  On the other 
hand, when the ischemic status of CRVO was 
classi fi ed using the strict Hayreh de fi nition, the 
prognosis for visual acuity varied starkly by class. 
The odds ratio for greater than or equal to three 
Snellen line improvement was 2.96 (95% CI 
1.55–5.66) for nonischemic CRVO relative to 
ischemic CRVO. 56  Others have agreed with 
Hayreh that the prognosis of ischemic CRVO is 
worse. 45  In a meta-analysis of 53 studies includ-
ing 3,271 eyes, the pooled mean change in visual 
acuity was −10 ETDRS letters from baseline to 6 
months and −3 ETDRS letters from baseline to 
12 months for nonischemic CRVOs. 86  For isch-
emic CRVOs, the mean changes were −15 letters 
at 6 months and −35 letters at 12 months. 86  

 More often, the controversy concerns whether 
the prognosis for visual acuity of nonischemic 
CRVO is good. One study reported that 50% of 
nonischemic CRVOs would end with visual acuity 

  Fig. 7.21    Fundus photographs of a 49-year-old man 
without diabetes, hypertension, or hypercholesterolemia 
who eventually developed a central retinal vein occlusion 
in each eye. ( a ) In August 1989 at age 49, a CRVO devel-
oped in the right eye with visual acuity of counting  fi ngers, 
a prominent relative afferent pupillary defect, marked 
intraretinal hemorrhage, macular edema, and disc edema. 
During close observation, iris neovascularization was 
detected and panretinal photocoagulation given. ( b ) Ten 
years later, the hemorrhage has resolved, leaving an atro-
phic macular scar (the  black arrow ). Sheathed veins are 
present (the  yellow arrow ). Laser scars are shown (the  tur-
quoise arrow ). ( c ) Fundus photograph of the normal left 
fundus in 1989. Note the baseline tortuosity and diameter 
of the superotemporal branch retinal vein relative to the 
disc diameter (the  black arrow ). ( d )    In February of 2000, 
the left eye developed a CRVO with macular edema which 

worsened until in November 2000, the visual acuity was 
reduced to 20/30, and he had dif fi culty at his job and driv-
ing. Note the venous dilation and new tortuosity (compare 
superotemporal vein at  black arrow  to the same site in 
( c )). ( e ) After laser chorioretinal anastomosis, with suc-
cessful shunts inferotemporally (the  turquoise arrow ) and 
superonasally (not shown), the intraretinal hemorrhages 
and macular edema resolved. Note the more dilated veins 
distally than proximally (the  black arrow ), a sign of a suc-
cessful shunt. The proximal inferotemporal branch retinal 
vein is attenuated in the absence of signi fi cant blood  fl ow 
(the  yellow arrow ). Development of a second-eye CRVO 
led to ascertainment of serum homocysteine which was 
elevated at 11.6  m mol/l (normal 9.0  m mol/l). He was 
placed on folate 800 mg/day. In 2008, he suffered a stroke 
and in 2010 required coronary artery stents for myocar-
dial ischemia       

   Table 7.4    Visual prognosis in central retinal vein occlusion by initial visual acuity   

 Initial VA;  N   Final VA ≥ 20/40 (%)  Final VA 20/50–20/200 (%)  Final VA < 20/200 (%) 

 ≥ 20/40; 209  65  25  10 
 20/50–20/200; 204  19  44  37 
 <20/200; 301  1  19  79 

  Data from CVOS 140   
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between 20/20 and 20/30 without treatment, but 
an opposing study reported that in more severe 
nonischemic CRVO, only 4% of cases end with 
visual acuity of better than 20/100. 47  ,  77  Another 
study found that 50% of initially nonischemic 
CRVOs ended with visual acuity less than 
20/200. 112  This inconsistency may arise from the 
lack of agreement on de fi nitions of ischemic and 
nonischemic CRVO (see Chaps.   4     and   9    ). Poor 
visual acuity in nonischemic CRVO is associated 
with persistent macular edema, which is not the 
case in ischemic CRVO, where the problem 
instead is ganglion cell death in the inner retina. 56  

 Inconsistency of results among different 
reports may also arise from differences in dura-
tion of nonischemic CRVO. For example, the 
sham arm of the CRUISE study provided natural 
history data on 130 eyes with mostly nonischemic 
CRVO. 12  Duration of macular edema affected 
visual acuity outcome. Those eyes with duration 
less than 3 months experienced a mean gain of 1.1 
lines of visual acuity at 6 months. Those eyes with 
duration greater than or equal to 3 months experi-
enced a mean gain of 0.4 lines of vision. 12  

 Apart from initial visual acuity, other baseline 
factors found to be independently predictive of 
 fi nal visual prognosis in multiple regression anal-
ysis were male gender, a higher number of clini-
cal risk factors (e.g., hypertension, hyperlipidemia, 
diabetes, and primary open angle glaucoma), 
higher  fi brinogen level, and baseline severity of 
macular edema. 23  ,  39  ,  56  A subnormal scotopic white 
 fl ash b wave amplitude and a scotopic white  fl ash 
b/a wave amplitude ratio less than 1.05 have been 
associated with poorer visual outcomes. 39  ,  97  
Comorbidities of diabetes and stroke also increase 
the probability of visual acuity deterioration in 
patients with nonischemic CRVO and better ini-
tial visual acuity. 56  

 For  fi nal visual acuity outcome with follow-up 
of greater than or equal to 1 year, the implicit 
time for the  fl icker fusion ERG, the initial visual 
acuity, and the presence of greater than 10 disc 
areas of capillary nonperfusion were all approxi-
mately equally strong predictors of a  fi nal visual 
acuity less than 20/200 (kappas of 0.61, 0.60, and 
0.58, respectively). Presence of optic disc edema 
has been reported to be a favorable prognostic 

sign for visual acuity outcome in CRVO, but oth-
ers have not con fi rmed its value. 62  

 The annual risk of any vascular occlusion in the 
fellow eye of an eye with a CRVO is 0.9–5%. 86  ,  140  

 Vision-related quality of life is signi fi cantly 
lower in patients with CRVO than in a reference 
group of patients without ocular disease, roughly 
similar to those of patients with diabetic retinopa-
thy, and does not correlate with the visual acuity in 
the eye with the CRVO. Instead the quality-of-life 
score correlates with the visual acuity in the better 
of the two eyes which is usually the fellow eye. 31     

    7.3   Hemicentral Retinal Vein 
Occlusion 

    7.3.1   Clinical Signs 

 Hemispheric RVO is a synonym for HCRVO in 
some studies, but means a BRVO that involves 
half the retina in others, so care must be taken in 
reading the literature to distinguish the mean-
ings. 28  ,  58  ,  121  The fundus  fi ndings in the acute 
phase are the same in HCRVO as for CRVO, 
except that an uninvolved sector occurs in 
HCRVO that can vary in size from 25% to 66% 
of the fundus area depending on the region 
drained by the hemicentral retinal vein. 52  Thus, 
for example, patchy ischemic retinal whitening 
occurs in HCRVO as it does in CRVO (Fig.  7.22 ). 
A branch retinal artery crosses over the hemicen-
tral retinal vein in one-third of cases, evidence 
that HCRVO is unlike BRVO and like CRVO in 
pathogenesis. 52  In a natural history study of 65 
HCRVOs, 85% were nonischemic, a percentage 
similar to that in CRVO, and unlike the percent-
age in major BRVO, where the majority are isch-
emic. 58  Macular edema de fi ned by  fl uorescein 
angiography is present in 75% of HCRVOs at the 
initial visit. 52   

 The fundus  fi ndings in the chronic phase of 
HCRVO resemble those of CRVO with a few dif-
ferences. Collateral vessels that develop in 
HCRVO and allow drainage of the involved 
hemiretinal venous system to the choroid, as in 

http://dx.doi.org/10.1007/978-1-4614-3439-9_4
http://dx.doi.org/10.1007/978-1-4614-3439-9_9
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CRVO, have been well described. But in HCRVO, 
collateral vessels also develop that drain venous 
blood from the obstructed venous circulation to 
the opposite unobstructed hemicentral retinal 
vein at the optic disc (Fig.  7.23 ). 38  ,  58  Retinal col-
lateral vessels between involved and uninvolved 
sectors of the retina are seen, but some have 
claimed that these are less common in HCRVO 
than in major BRVO. 48  ,  52  In one study, develop-
ment of disc collaterals did not correlate with 
resolution of macular edema. 52   

 After HCRVO, neovascularization of the disc 
develops in 11–29% of cases, neovascularization 
of the retina in 9–14%, and ASNV in 9–36% over 
12–21 months. 52  ,  121  The median time to NVE 
after HCRVO is greater than the time to NVD. 52  
Neovascular glaucoma develops in 3–7% of cases 
of HCRVO. 52  ,  121  

 In a study of 55 nonischemic HCRVOs  followed 
for a median of 1.9 years, 9% developed an epireti-
nal membrane, 16% had foveal  pigmentation, and 
58% formed optic disc collaterals. 58   

  Fig. 7.22    Images from a 66-year-old female with type 2 
diabetes mellitus and hypertension who developed a para-
central scotoma inferior to  fi xation in the right eye. Visual 
acuity was 20/25. ( A ) A superior hemicentral retinal vein 
occlusion is present with patchy ischemic retinal whiten-
ing (PIRW) (the  black arrow ). The zone of retinal transpar-
ency encroaches just past the superior edge of the horizontal 
raphe, presumably re fl ecting border oxygenation from the 
adjacent well-perfused inferior hemiretina. The amount of 
intraretinal hemorrhage does not parallel the distribution 

of PIRW. In this case, the hemorrhages are densest in the 
peripapillary zone. ( B ) The early-phase  fl uorescein angio-
gram shows delayed venous return in the superior hemiret-
ina (vein at the  yellow arrow , compare with vein at the  red 
arrow ) but good capillary perfusion. ( C ) The late-phase 
 fl uorescein angiogram shows leakage of  fl uorescein most 
prominent at the borders of the zone of PIRW (the  green 
arrow ). Fluorescein leakage is an inconsistent  fi nding in 
PIRW and may be absent. ( D ) OCT shows a parafoveal 
cyst in the outer nuclear layer of the retina (the  tan arrow )       
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    7.3.2   Visual Acuity 

 Two independent studies of HCRVO comprising 
147 patients reported similar distributions of 
visual acuity at the initial visit. The weighted 
average of the results showed that 33% of eyes 
had initial visual acuity of 20/40 or better, 46% 
had initial visual acuity of 20/50–20/200, and 

21% had visual acuity of 20/200 or worse 
(Table  7.5 ). 52  ,  121  Initial visual acuity in patients 
with ischemic HCRVO is worse than in patients 
with nonischemic HCRVO (Table  7.5 ). 52  ,  121  In one 
study, there was a correlation of initial visual acu-
ity with the percentage of affected retina judged to 
be nonperfused on  fl uorescein angiography. 52   

 The visual prognosis in untreated HCRVO 
was reported in a study of 39 cases followed on 
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  Fig. 7.23    A 54-year-old male with treated hypertension 
and systemic lupus erythematosus developed an inferior 
HCRVO of the left eye. Visual acuity was 20/40. ( A ) 
Fundus photograph of the acute phase of the inferior 
hemicentral retinal vein occlusion. The  inset  shows a 
higher magni fi cation view of the optic disc. The inferior 
hemicentral vein is distended and does not communicate 
with the normal-caliber superior hemicentral retinal vein. 
( B ) Frame from the mid-phase of the  fl uorescein angio-
gram shows intact capillary perfusion in the posterior fun-
dus. ( C ) Fundus photograph taken 1 year later. The 
hemorrhages have resolved and a large-caliber collateral 
vessel has developed between the inferior hemicentral and 
the superior hemicentral retinal vein (the  yellow arrow , 
 inset ). This vessel was not present at presentation (com-

pare to  panel   A ). An inspissated exudate remains (the 
 black arrow ). The inferior hemicentral retinal veins are no 
longer distended. ( D ) SD-OCT false-color map showing a 
broad area of thickened macula depicted as white (the 
 brown arrow ). ( E ) SD-OCT line scan showing from the 
OCT study of  panel   D  showing macular cysts in the inner 
nuclear layer with thickening and more hyperre fl ective 
exudate with adjacent hypore fl ective thickening of the 
outer nuclear layer. ( F ) Follow-up OCT false-color map 1 
year after the scan of  panel   D  shows resolution of the 
marked macular thickening but residual milder macular 
edema signi fi ed by the red area. ( G ) Follow-up OCT line 
scan from the study of  panel   F  showing resolution of the 
macular cysts but persistence of the inspissated exudate in 
the outer nuclear layer (the  orange arrow )       
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average for more than 1 year (Table  7.6 ). 52  Using 
a change of at least two Snellen lines of visual 
acuity as the threshold for change in visual acu-
ity, it was found that perfusion status had little 
effect on change in visual acuity. Therefore, 
because ischemic HCRVOs initially have worse 
visual acuity, they also end up with worse visual 
acuity than nonischemic HCRVOs.  

 Sparse evidence has been published concern-
ing the migration of eyes from visual acuity sub-
groups at the initial visit to the  fi nal visit. In a 
study of 40 eyes with nonischemic HCRVO and 
macular edema followed until macular edema 
resolved, 6% (2/32) of eyes with 20/60 or better 
visual acuity worsened. 58  Fifty percent (4/8) of 
eyes with 20/70 or worse visual acuity at baseline 
improved. 56  In a study of 10 eyes with ischemic 
HCRVO followed for 9–15 months, 25% (1/4) of 
eyes with 20/60 or better visual acuity wors-
ened. 52  Sixty percent (3/5) of eyes with 20/70 or 
worse visual acuity at baseline improved after 
9–15 months follow-up. 58  

 Little information concerning HCRVO has 
been published from population-based studies, 

probably because HCRVO is the least common 
type of RVO. In an exception, one-third of 
patients with HCRVO in the Blue Mountains Eye 
Study had visual acuity less than or equal to 
20/200. 96  Presumably, most of these patients 
would be in the stable, later stages of the 
condition. 

 The small number of patients with HCRVOs 
handicaps the study of associations of visual out-
comes with factors of interest. However, two 
studies by the same group reported that develop-
ment of disc collaterals was not associated with 
 fi nal visual acuity outcome. 52  ,  58    

    7.4   Summary of Key Points 

    Symptomatic RVO causes painless blurred • 
visual acuity and a relative scotoma.  
  Peripheral BRVOs and mild CRVOs, mild • 
macular BRVOs, and mild HCRVOs can be 
asymptomatic.  
  The average initial visual acuity is better in • 
BRVO than CRVO.  
  The acute fundus picture of BRVO features a • 
wedge-shaped region of the retina with dilated 
veins and intraretinal hemorrhages. The wedge 
points toward an arteriovenous crossing where 
the thrombus is found. Other clinical signs are 
variable and evolve over time.  
  The acute fundus picture of CRVO features • 
dilated veins and intraretinal hemorrhages in 

   Table 7.6    Changes in visual acuity during follow-up of 
hemicentral retinal vein occlusions   

 Type HCRVO/ N   Worse (%)  Same (%)  Better (%) 

 Nonischemic/25  20  64  16 
 Ischemic/14  14  57  29 
 Pooled/39  18  62  21 

  Data from Hayreh and Hayreh 52  
  N  denotes the number in the sample  

   Table 7.5    Initial visual acuity in hemicentral retinal vein occlusion   

 Row  Study  Type HCRVO/ N  
 Initial visual acuity 
 ³ 20/40 (%) 

 Initial visual acuity 
20/50–20/200 (%) 

 Initial visual acuity 
<20/200 (%) 

 1  Hayreh and Hayreh 52   Pooled/41  39  37  24 
 2  Sanborn and Magargal 121   Pooled/106  30  50  20 
 3  Weighted average  Pooled  33  46  21 
 4  Hayreh and Hayreh 52   Nonischemic/27  59  30  11 
 5  Hayreh and Zimmerman b   58   Nonischemic/59  49 a   37 a   8 
 6  Weighted average  Nonischemic  52  35  9 
 7  Hayreh and Hayreh 52   Ischemic/14  0  50  50 

  Row three represents a weighted average of rows one and two (pooled HCRVO). Row six represents a weighted average 
of rows  fi ve and six (nonischemic HCRVO) 
  Pooled  includes ischemic and nonischemic,  N  denotes the number of eyes 
  a Breakpoints reported in this study differ slightly from categories of this table 
  b The    patients included in this study may have included some of the same patients included in Hayreh 52   
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all quadrants of the retina. Other clinical signs 
are variable and evolve over time.  
  Proportions of RVO that are ischemic vary • 
according to the de fi nition of ischemia, which 
varies widely, and time after the RVO. 
Conversion of nonischemic to ischemic RVO 
occurs for all types of RVO at rates that, again, 
depend on the de fi nition of ischemia.  
  Using a de fi nition of ischemia based on • 
 fl uorescein angiography, up to 34% of nonis-
chemic CRVOs convert to ischemic CRVOs 
over 3 years of follow-up. Predicting which 
nonischemic CRVOs will convert is risky. 
Therefore, all CRVOs require extended, regu-
lar follow-up.  
  Visual acuity in BRVO, on average, improves • 
spontaneously.  
  Visual acuity in CRVO, on average, declines • 
spontaneously.  
  Initial and follow-up visual acuities for all • 
forms of RVO tend to be better for nonisch-
emic than ischemic subtypes.  
  Approximately 42% of untreated BRVOs end • 
with visual acuity of 20/40 or better, and 31% 
end with visual acuity of 20/200 or worse.  
  Approximately 28% of untreated CRVOs end • 
with visual acuity of 20/30 or better, and 50% 
end with visual acuity of 20/200 or worse.  
  Untreated macular edema in BRVO eventually • 
resolves in 80% of cases.  
  Untreated macular edema in CRVO persists • 
for more than a year and lasts longer in isch-
emic than nonischemic cases.  
  In nonischemic CRVO with macular edema, • 
approximately 30% show spontaneous 
resolution.  
  Optic disc collaterals develop in 30–77% of • 
patients with CRVO at a median time of 
4–15 months. They protect against anterior 
segment neovascularization, but not against 
macular edema or loss of visual acuity.  
  In ischemic CRVO, an estimated 23% of eyes • 
will develop NVG over 15 months.  
  The clinical picture of RVO evolves over time • 
with poor predictability, so all patients with 
RVO need regular follow-up until a stable  fi nal 
state is reached.         
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 Ancillary testing is important in the diagnosis 
and management of retinal vein occlusion 
(RVO). Fluorescein angiography (FA) and elec-
troretinography (ERG) can help determine the 
ischemic status of central retinal vein occlusion, 
which in fl uences the frequency of follow-up. 
Optical coherence tomography (OCT) provides 
a sensitive and objective test over time for the 
diagnosis of macular edema and is necessary for 
the treatment of this complication of RVO. 
Familiarity with ancillary tests and their limita-
tions is therefore necessary for optimal manage-
ment. All ancillary tests cost money to obtain 
and interpret. Because  fi nancial resources for 
health care are scarce, ophthalmologists need to 
judge whether a test adds suf fi cient value to the 
care of a patient to make obtaining it worth-
while. There is an inherent con fl ict of interest in 
fee-for-service systems of health care (e.g., in 
the United States). The ophthalmologist pro fi ts 
by ordering more ancillary tests. Therefore, the 
topic is not only important to discuss but also 
sensitive. 11  

 A table of abbreviations that will be used 
in this chapter follows (Table  8.1 ). The abbre-
viations will be spelled out at their  fi rst 
occurrence.  

 The value of a diagnostic test is determined 
by its sensitivity, speci fi city, reproducibility, 
and cost. The  fi rst two characteristics are 
de fi ned by referring to a 2 × 2 table that displays 
the true health status of the patient compared to 

the status as de fi ned by the test (Fig.  8.1 ) 
(p. 89). 46  The implication is that there is a gold 
standard against which the test can be com-
pared, but in many cases, there is no such stan-
dard. Instead, the gold standard may be the 
consensus of a panel of graders using some 
other method of assessment. Despite the inele-
gance of real life, the assumption of a gold stan-
dard for diagnosis is useful in understanding 
the underlying concept. The de fi nitions of these 
terms follow. 

    • Sensitivity  –  a /( a  +  c ) the proportion of truly 
diseased patients deemed so by the test. 
Sensitivity is most important in screening for 
disease because a clinician does not want to 
say mistakenly that a diseased patient is 
healthy. Therefore, high sensitivity in a test is 
desirable. 39   
   • Speci fi city  –  d /( b  +  d ) the proportion of truly 
nondiseased patients deemed so by the test. 
Speci fi city is most important in making a deci-
sion about beginning treatment because a clin-
ician does not want to risk side effects caused 
by treatment based on an erroneously positive 
test. Therefore, high speci fi city in a test is 
desirable. 39     

 Reproducibility is an important characteris-
tic of a test because it gives the clinician an idea 
of how trustworthy the test result is. 9  For exam-
ple, the grading of ischemia based on interpre-
tation of FA in RVO is poorly reproducible and 
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the source of decades-long controversy over the 
proper way to de fi ne ischemia (see Chaps.   4     
and   9    ). 97  Measurement of macular thickness in 
macular edema has a reproducibility that can be 
quantitated by the coef fi cient of repeatability 
(COR). This is the difference between any two 
measurements above which one can be 95% 
con fi dent that the change is real and not due to 
measurement variability. 9  For example, in the 
OCT measurement of diabetic macular edema, 
the COR is ±11% of the macular thickness. 14  
Speci fi cally, if we suppose that a baseline mac-
ular thickness is 300  m m by time-domain OCT 
(TD-OCT), then we can be 95% con fi dent that 
a measurement of 335  m m at a follow-up visit 
represents a true worsening of the patient’s 
macular edema (ME) because the 35  m m of 
extra thickening is greater than 11% of the 
baseline measurement. Test equipment improves 
all the time, therefore reproducibility depends 
on technology. For example, reproducibility 
with some spectral-domain OCT (SD-OCT) 
machines is better than with TD-OCT 
machines. 29  ,  104   

   Table 8.1    Abbreviations used in ancillary testing of 
 retinal vein occlusions   

 Abbreviation  Term 

 BRVO  Branch retinal vein occlusion 
 CDUI  Color Doppler ultrasonic imaging 
 CRA  Central retinal artery 
 CRV  Central retinal vein 
 CRVO  Central retinal vein occlusion 
 ERG  Electroretinography 
 FA  Fluorescein angiography 
 HCRVO  Hemicentral retinal vein occlusion 
 Hz  Hertz 
 LDBFM  Laser Doppler blood- fl ow meter 
 OCT  Optical coherence tomography 
 ODP  Ophthalmodynamometric pressure 
 PCA  Posterior ciliary artery 

True disease status

Disease Not diseased Total 

Total 

Negative 
Test result 

Positive a+b 

a+c 

c+d 

b+d a+b+c+d 

a b

c d

  Fig. 8.1    2 × 2 table used in the de fi nition of sensitivity 
and speci fi city       

  Which    Measure of Reproducibility Is Best? 

 There are other methods of assessing reproducibility besides the COR. Some studies use the 
coef fi cient of variation (COV), de fi ned as the standard deviation divided by the mean value of 
a set of repeated measurements. When the COV is used, another statistic is often used – the 
smallest measurable change, de fi ned as the measurement times the COV. Table  8.2  lists repro-
ducibility data for various OCT machines using this conceptual framework.

    Table 8.2    Reproducibility of optical coherence tomography machines   

 OCT machine  CSMT ( m )  COV (%)  Smallest measurable change ( m ) 

 Spectralis  289  0.46  1 
 OCT SLO  244  2.23  5 
 RTVue  247  2.77  7 
 Stratus  212  3.33  7 
 Cirrus  277  3.09  9 
 Copernicus  249  3.50  9 

  Data from Wolf-Schnurrbusch et al. 104  
  OCT  optical coherence tomography,  CSMT  central sub fi eld mean thickness,  COV  coef fi cient of variation    

 Yet another method of assessing reproducibility is to calculate the intraclass correlation 
coef fi cient (ICC). This is a statistic that scales the test–retest variability (the undesirable 
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    8.1   Color Fundus Photography 

 Color fundus photography is used to document 
the state of the fundus in RVO. This can be impor-
tant as the appearance of the fundus changes with 
time (see Chap.   7    ). 92  Fundus photographs are also 
used in research. In clinical studies, the photo-
graphic variables graded include number of hem-
orrhages, number of cotton wool spots, presence 
and degree of disk edema, presence and degree of 
macular edema, and absolute and relative diame-
ters of retinal arteries and veins. The grading cat-
egories are typically expressed by subjective 
terms such as mild, moderate, and marked and 
may be guided by reference to standard photo-
graphs. 39  The reproducibility of grading is not 
often provided or is provided in vague terms. 39  It 
has been reported that presence of more hemor-
rhages than one-fourth of the posterior retina has 
81–84% sensitivity and 72–74% speci fi city for 
detecting ischemic CRVO. 39  There is no evidence 
that such grading can be reliably generalized to 
clinical practice. 

 Absolute values of arterial and venular diam-
eters from fundus photographs are rendered 
problematic by unknown variation in refraction 
indices of cornea, lens, and vitreous; unknown 
axial length of the eye; and unmeasured corneal 
curvature. There are attempts to correct for this, 
but they are approximations. By measuring 
ratios of the diameters of arteries and veins 
within a given eye, the problems of variable 
magni fi cation of photographs are circumvented. 
However, this method has its own problems, 
such as dif fi culty in interpreting the meaning of 

ratios when both arterial and venular diameters 
can change independently. 4   

    8.2   Fluorescein Angiography 

 Until the introduction of OCT,  fl uorescein angiog-
raphy (FA) was the most commonly used ancillary 
test used in the evaluation and management of 
patients with RVO. It is useful for assessing the 
degree of capillary perfusion and the breakdown 
of the blood–retina barrier, but it has always been 
fraught with problems. 49  The older patients who 
more often develop RVOs often have cataract 
which degrades image quality, as does the inability 
to adequately dilate the pupil for high-quality pho-
tographs. 10  With conventional FA, it is dif fi cult to 
capture images of the middle and far periphery, 
and blood can obscure details of capillary perfu-
sion (Fig.  8.2 ). 10  Although FA is used in most cases 
to photograph the fundus, the same technique can 
be used to assess iris vessels and look for subtle 
forms of anterior segment neovascularization. 33   

 Fluorescein angiography does not lend itself 
well to quantitative analysis because of variabil-
ity in many test factors and methods of interpre-
tation. The phase of the disease at which the test 
is administered, the rate and quantity of 
 fl uorescein injected, the vein chosen for injec-
tion, patient variability in circulation time, reader 
variability in choosing end points, camera type 
(30°, 45°, or 60° photographic  fi elds), patient 
age, and patient gender all render reproducibility 
dif fi cult. 

 variability) by the true variability of the quantity being measured across the subjects in the 
sample. The ICC has values ranging from 0 to 1. The closer the value is to 1, the more repro-
ducible the measurement is. 

 All three methods of analyzing reproducibility are described in the literature covering ancil-
lary testing in ophthalmology. There seems to be no consensus about which form of reproduc-
ibility analysis is superior, and attaining familiarity with each method is worth the effort 
required. 28  

http://dx.doi.org/10.1007/978-1-4614-3439-9_7
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 Few studies examine the reproducibility of 
FA. 91  Normal perifoveal capillary blood  fl ow 
velocity is 3.33 ± 0.09 mm/s. Normal retinal arte-
rial dye velocity is 6.67 ± 1.6 mm/s. 37  ,  51  COVs for 
arteriovenous passage time and capillary transit 
velocity have been reported to be 15% and 18%, 
respectively. 37  Complicated analysis of  fl uorescein 
dye dilution curves using  fl uorescein videoan-
giography has been performed to assess rate of 
vascular  fi lling, but the most reproducible index 
(circulation time from beginning of  fi lling to 50% 
of peak  fi lling) has a measurement error of 9%. 106  
A change of 20% after an intervention is required 
to reliably conclude that a change rises above 
measurement error. 106  

 Studies often measure some variation of arte-
riovenous transit time. 28  This time is de fi ned in 
different ways. Some studies de fi ne it as time 
from injection until appearance of the dye in reti-
nal arteries. Using this de fi nition, a mean value of 
21.2 ± 5.8 s was reported in 72 patients with 
CRVO and HCRVO. 31  ,  38  ,  78  Other studies de fi ne 
early arteriovenous transit time as the interval 
from  fi rst appearance in the central artery to that 

in the corresponding vein. 27  In normal controls, 
the early arteriovenous transit time has been 
reported to range from 5 to 12 s. 1  In CRVO and 
HCRVO, early arteriovenous transit time has var-
ied from 7.7 ± 3.6–12.5 ± 2.3 s. 31  ,  38  ,  78  No differ-
ences in arteriovenous transit times were seen 
between nonischemic and ischemic CRVOs in 
one study. 38  In a case series of BRVOs, the 
 arteriovenous passage time at  fi rst venous  fi lling 
for affected and ipsilateral unaffected branch reti-
nal veins was 4.5 ± SD0.8 and 1.5 ± SD0.2 s, 
respectively. 60  The arteriovenous passage time 
until maximal venous  fi lling for the affected and 
unaffected branch veins was 11.8 ± SD0.8 and 
7.7 ± SD1.0 s, respectively. 60  

 Masked grading of  fl uorescein angiograms 
was used in clinical trials of treatments for BRVO 
and CRVO. 15  ,  93  Variables graded include severity 
of leakage, degree of capillary nonperfusion 
(negligible, minimal, moderate, and severe), and 
disruption of perifoveal capillaries (180° or less 
and more than 180°). 15  Reproducibility of the 
graders is not often documented, and how this 
type of grading might generalize to clinical prac-
tice is unclear. 15  ,  60  ,  81  ,  87  Even in technically excel-
lent studies, the reproducibility of interpretation 
of capillary nonperfusion across clinicians is 
poor. 97  Part of this comes from vague de fi nitions 
of ischemia groupings, such as “focal” and 
“extensive.” 81  

 Capillary nonperfusion of the posterior pole 
is usually accompanied by capillary nonperfu-
sion of zones of retina in the retinal midperiph-
ery. However, often there will be peripheral 
capillary nonperfusion but intact posterior pole 
perfusion. For this reason, it is important to 
attempt to obtain midperipheral sweeping views 
of the fundus during  fl uorescein angiography. 39  
Typical  fl uorescein angiography, even using a 
wide-angle camera and intentionally sweeping 
the retinal periphery, fails to capture the degree 
of nonperfusion often present in the retinal 
periphery in retinal vascular disease. Ultra-wide-
 fi eld scanning laser ophthalmoscopy combined 
with digital image analysis holds promise for 
overcoming this drawback, but these systems are 

  Fig. 8.2    Frame from the mid-phase  fl uorescein angio-
gram of an eye with a central retinal vein occlusion. The 
intraretinal hemorrhage in many areas is so dense that the 
details of capillary perfusion are blocked (the  yellow 
ovals ). Such an eye is managed as though it were isch-
emic, although by  fl uorescein angiographic criteria it is 
indeterminate       
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not widely available and remain a research inter-
est as yet. 54  

 Ischemia is frequently considered synony-
mous with capillary nonperfusion, but in fact, 
they are distinct. 39  That is, the retina can have 
some degree of perfusion and still be ischemic. It 
takes an estimated 3–4 weeks of ischemia before 
retinal capillaries become nonperfused. 39  Methods 
of quantitating capillary nonperfusion vary 
widely. In actual clinical practice, clinicians just 
make an estimate of the ischemic index. 83  In auto-
mated systems, computerized planimetry is used 
based on outlining a nonperfused area on a com-
puter display. 91  The units may be given as squared 
millimeters or the area normalized by the area of 
an idealized circular optic disk with a diameter of 
1.5 mm. 109  

 Measurements of arteriovenous transit time 
and ischemic indices are research techniques. 
They are not used by clinicians in the care of 
patients. In clinical care, FA interpretation is 
qualitative and subjective. Clinicians look at the 

FA and decide, based on personal experience, 
whether the case is ischemic or not. Therefore, it 
is not possible to know if statements in the litera-
ture about prognostic factors that depend on 
interpretations of FAs in studies have bearing in 
real-life care. 

 Although  fl uorescein angiography is often 
used to detect  fl uorescein leakage from retinal 
vessels, it is somewhat insensitive to low-grade 
leakage. Cases without  fl uorescein leakage, yet 
with the presence of histopathological extracel-
lular edema, have been published, and the same 
discordance is seen between FA and OCT 
(Fig.  8.3 ). 96   

    8.2.1   Branch Retinal Vein Occlusion 

 In a qualitative sense, delayed venous  fi lling is 
present commonly in acute BRVO. 22  ,  60  ,  70  ,  80  
Complete venous obstruction has been reported 

  Fig. 8.3    Fundus images of a 68-year-old woman with a 
nonischemic central retinal vein occlusion of the right eye 
showing the possible presence of macular thickening in 
the absence of  fl uorescein leakage on  fl uorescein angiog-
raphy. ( a ) Monochromatic fundus photograph of the right 
eye shows dilated veins and intraretinal hemorrhages in 
all quadrants. ( b ) Frame from the late-phase  fl uorescein 
angiogram shows no leakage of  fl uorescein in the right 
macula. ( c ) OCT false-color map of the right eye. Despite 

the absence of  fl uorescein leakage, the right macula is 
thickened compared to the left. The mean central sub fi eld 
macular thickness of the right eye is 250  m  (compare  d ). 
( d ) OCT false-color map of the left eye. The mean central 
sub fi eld macular thickness of the right eye is 225  m . The 
normal intereye difference in mean central sub fi eld macu-
lar thickness is 6 ± SD4  m . 68  Similar differences in mean 
sub fi eld thickness are present for all of the paracentral 
sub fi elds (compare ( c ) and ( d ))         
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in up to 37% of cases. 22  Arteriolar  fi lling to the 
involved region of the retina is not delayed. 22  In 
15% of cases, a focal hyper fl uorescence occurs 
at the site of the arteriovenous crossing, or occa-
sionally proximal or distal to it, that disappears 
within 1–6 weeks of the acute event (Figs.  8.4  
and  8.5 ). 22  ,  36  ,  74  Some have hypothesized that this 
 represents a prethrombotic event indicating tur-
bulent blood  fl ow and endothelial injury or the 
thrombus in evolution, but it is uncommon to 
have an  opportunity to witness the hypothesized 
time course. 20  ,  35  ,  70  When eyes having recent-
onset BRVO are studied,  fl uorescein videoan-

giography shows diastolic arterial re fl ux in the 
arteries to involved segments. 80  Intraretinal 
hemorrhage may make determination of perfu-
sion dif fi cult. 70  When blood does not obscure 
capillary detail, there may be capillary nonper-
fusion (Fig.  8.5 ). Late leakage of  fl uorescein is 
commonly seen emanating from the obstructed 
retinal vein and its tributaries (Figs.  8.4  and 
 8.5 ). 60  ,  70  Late in the study, the venous walls may 
stain. 74  Collateral vessels do not leak, but new 
vessels do. 74    

 There is no standard practice with regard to 
obtaining an FA in the management of BRVO. At 
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the Bascom Palmer Eye Institute, in a consecu-
tive series of 65 BRVOs, a baseline FA was 
obtained in 31 (48%). 32   

    8.2.2   Central Retinal Vein Occlusion 

 Fluorescein angiography is not necessary for 
the management of CRVO, but is often per-
formed, most often to attempt to assess the degree 

of ischemia (see Chaps.   4     and   9    ). 92  When 
 fl uorescein videoangiography is performed soon 
after CRVO, diastolic arterial re fl ux can be found 
that vanishes in a few days. This has been com-
pared to the same phenomenon found in cilioreti-
nal arteriolar insuf fi ciency noted in CRVO. 80  Iris 
 fl uorescein angiography has been suggested for 
use in predicting later NVI. In a study of 27 eyes 
with CRVO, relative area of iris showing late 
 fl uorescein staining was the best predictor of later 
NVI, but the speci fi city was poor. 64    

  Fig. 8.4    Frames from  fl uorescein angiography of a 
patient with a superotemporal branch retinal vein occlu-
sion of the left eye. ( a ) Frame from the venous phase of 
the  fl uorescein angiogram. The  red oval  encircles the 
branch retinal artery overlying the occluded branch reti-
nal vein. The  yellow arrows  show areas of dense intrareti-
nal hemorrhage that preclude the ability to grade retinal 
capillary perfusion. ( b ) Frame from the recirculation 

phase of the  fl uorescein angiogram. The  yellow arrow  
indicates the hyper fl uorescent thrombus. The  red oval  
encircles the foveal avascular zone (FAZ). Approximately 
the superior 180° of the FAZ has an irregular border. ( c ) 
Frame from the late phase of the  fl uorescein angiogram. 
The  red oval  encircles a segment of the occluded vein 
with wall staining. The  yellow arrow  shows that there is 
macular leakage of  fl uorescein dye       
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    8.3   Optical Coherence Tomography 
and the Retinal Thickness Analyzer 

 OCT allows the quantitation of retinal thickening 
and assessment of morphologic changes. Some of 
the latter include cysts, presence of subretinal  fl uid, 

and preservation or absence of the IS/OS junction, 
which may have prognostic signi fi cance. 50  ,  75  

 There are many OCT instruments in use, and 
they use different segmentation algorithms for 
measuring thicknesses in the retina. The inner 
retinal boundary is the same – the internal  limiting 
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membrane of the retina. However, the outer 
boundaries differ. The outer boundary for the 
Stratus OCT is the IS/OS junction. For the Cirrus 
OCT, the outer boundary is the apical surface of 
the RPE cell layer. For the Spectralis OCT, the 
outer boundary is the basal surface of the RPE 
cell layer. 

 Artifacts can be a problem in OCTs obtained 
in eyes with RVO (Fig.  8.6 ). There is some evi-
dence that the rate of artifacts in OCT measure-
ments is higher in RVO than in diabetic macular 
edema, for instance. Manual measurement of 
CPT by the Wisconsin Reading Center was per-
formed in 29% of SCORE OCTs but only 19% of 
OCTs from a clinical trial of diabetic macular 
edema. 26  Possible reasons include the effects of 
intraretinal and subretinal blood and of subretinal 
 fl uid in RVO. 26   

 OCT-measured macular thickness correlates 
modestly with visual acuity in nonischemic 
BRVO with macular edema with the correlation 
coef fi cient ranging between 0.232 and 0.591. 7  ,  45  ,  73  
OCT-measured macular thickness is routinely 
used as a primary and secondary outcome mea-
sure in studies of BRVO and as an important 
index to follow in the clinical care of patients 
with BRVO. 94  Changes in OCT-measured macu-
lar thickness and changes in visual acuity corre-
late poorly in BRVO. In the SCORE BRVO study, 
the Pearson correlation coef fi cients between 
visual acuity changes and OCT CPT changes 
over 12 months were −0.19, −0.30, and −0.10 for 
the grid laser, 1, and 4 mg groups, respectively. 94  

 Although some studies use center point thick-
ness from the OCT as the outcome variable, most 
use CSMT because of its greater reproducibility. 
There are many outcome variables of interest 
including macular thickness, absolute and rela-
tive macular thickening, and logOCT. For eyes 
with marked macular thickening as is frequently 
the case with RVO, the best outcome variable is 
relative change in macular thickening. 

 Certain morphological characteristics of the 
OCT have predictive importance for  fi nal visual 
outcome in RVO with macular edema. In branch 
retinal vein occlusion associated with macular 
edema persistent for at least 6 months, the  fi nal 
visual acuity was not correlated with total foveal 
thickness ( r  = 0.336,  P  = 0.092). However, it did 
correlate with the thickness measured from the 
posterior surface of macular cysts and the RPE 
(termed the photoreceptor layer thickness) 
( r  = −0.571,  P  < 0.0001) and with the integrity of 
the inner segment–outer segment junction. Eyes 
with a continuous IS/OS junction had signi fi cantly 
better  fi nal visual acuity than eyes with an inter-
rupted IS/OS junction ( P  < 0.0001). 71  ,  76  ,  77  In cases 
where the foveal IS/OS junction cannot be seen at 
baseline, presumably due to swelling and mis-
alignment of photoreceptors secondary to leakage 
from inner retinal capillaries, the parafoveal IS/
OS junction has also been found to predict  fi nal 
visual outcome. 76  The confounding effects of pre-
treatment visual acuity need to be controlled 
before IS/OS junction continuity is accepted as an 
important predictor of  fi nal visual outcome in 

  Fig. 8.5    A 69-year-old woman with hypertension, hyper-
cholesterolemia, and obstructive sleep apnea syndrome 
developed a left superotemporal BRVO. ( a ) Montage 
color fundus photograph shows the extent of the involved 
retina. Cotton wool spots are evident and the temporal 
fovea is impinged by the blood. ( b ) Magni fi ed view of the 
involved arteriovenous crossing. The artery crosses the 
vein at the  black arrow . The  blue arrow  denotes thrombus 
with white  fi brin marbling downstream of the involved 
arteriovenous crossing. The  red circle  encompasses a cot-
ton wool spot. ( c ) A frame from the early-phase  fl uorescein 
angiogram shows delayed  fi lling of the superotemporal 
retinal vein. ( d ) Frame from the mid-phase  fl uorescein 
angiogram. The thrombus downstream of the crossing is 

hyper fl uorescent due to pooling of stagnant  fl uorescein 
trickling through the occlusion ( blue arrow ). The  orange 
arrow  shows speckled hyper fl uorescence in a dilated 
upstream section of the obstructed vein, a sign of sluggish 
blood  fl ow. The  green arrow  denotes stained venules in 
the involved retina, a sign of ischemia. The  yellow oval  
encircles a zone of poor capillary perfusion. The  orange 
oval     encircles the area of the cotton wool spot (compare 
( b )), which in the  fl uorescein angiogram blocks the capil-
lary detail. ( e ) Frame from the late-phase  fl uorescein 
angiogram. Most of the involved retina shows extreme 
hypermeability of microvasculature (hyper fl uorescence), 
but the nonperfused areas are relatively hyper fl uorescent 
( yellow oval )                   
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  Fig. 8.6    Fundus images of a 75-year-old woman with an 
old hemicentral retinal vein occlusion of the right eye 
developed sudden blurring of the left eye from an acute 
superotemporal branch retinal vein occlusion. ( a ) 
Glaucomatous cupping of the right optic disk is seen. The 
inferotemporal retinal veins are sheathed and the infer-
otemporal retinal arteries are narrowed. ( b ) Glaucomatous 
cupping of the left optic disk is seen along with fresh hem-
orrhages of the superotemporal retina. ( c ) Frame from the 
mid-phase  fl uorescein angiogram of the right eye. Areas of 
capillary nonperfusion are present inferior to the macula. 
( d ) Frame from the mid-phase  fl uorescein angiogram of the 
left eye. Capillary perfusion is good. ( e ) Optical coherence 
tomography of the left eye 9 months before the left branch 
retinal vein occlusion. An artifact of the segmentation algo-
rithm renders the nasal false-color map artifactitious ( red 
ovals ). ( f ) OCT scan at the time of the acute BRVO of the 
left eye. No artifacts are present. Note the marked increase 
in the superior inner and outer paracentral sectors compared 
to the scan from December 15, 2010 (compare  purple  and 
 blue arrows  from ( e ) and ( f ). The variation in thickness of 

the inferior paracentral sectors ( blue arrows , 219 vs. 222  m ) 
exempli fi es the intersession agreement of OCT measure-
ment because nothing has changed in this sector. The varia-
tion in thickness in the superior paracentral sectors ( purple 
arrows , 229 vs. 255  m ) represents a real change, in excess 
of the intersession variability of OCT measurements. ( g ) 
OCT of    the right eye from December 15, 2010, shows a 
segmentation artifact ( red oval ). In this display, without the 
segmentation lines shown, only the false-color maps indi-
cate that an artifact has occurred. ( h ) OCT of the right eye 
from August 11, 2011, showing a different segmentation 
artifact from the December 15, 2010 study. In this case, the 
display shows the segmentation lines, and it is clear that the 
algorithm mistook the posterior hyaloid face for the inter-
nal limiting membrane ( red oval ). The artifact has not com-
promised the central sub fi eld measurement (compare 
 yellow arrows  from ( g ) and ( h ) both 197  m ), but the differ-
ence in the outer paracentral sub fi eld measurements in ( g ) 
and ( h ) (279 vs. 215  m ) is artifactitious (compare  blue 
arrows  from ( g ) and ( h ))       
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eyes with BRVO and macula edema. 42  Similar 
 fi ndings were reported in a study employing intra-
vitreal tissue plasminogen activator injection to 
treat macular edema associated with BRVO. 71  
Intraretinal cysts of diameter >600  m  were associ-
ated with longer duration of BRVO and less mac-
ular thinning in response to treatment. Intraretinal 

cyst size and presence of subretinal  fl uid did not 
correlate with visual acuity outcome. 41  

 In CRVO, baseline central retinal thickness 
was predictive of visual acuity outcome ( r  = 0.41, 
 P  = 0.018). 41  Intraretinal cyst size and presence of 
subretinal  fl uid did not correlate with visual acu-
ity outcome. 41  
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  Methods of Analysis of OCT in RVO 

 There are several ways to analyze OCT data. A brief review of relevant terms, the various meth-
ods of analysis, and the pros and cons of the methods follows. 

  Retinal Thickness  – the value in microns of the distance between the OCT layer selected by the 
segmentation algorithm to represent the outer retinal boundary and the internal limiting membrane. 
All OCT devices use the internal limiting membrane as the inner retinal boundary, but they vary in 
their choice of an outer retinal boundary, which in fl uences the retinal thicknesses obtained. 

  Retinal Thickening  – the calculated value equal to the thickness minus the population mean 
for the variable under consideration (either CPT or CSMT). The normative value chosen should 
be speci fi ed as these values differ according to source. 13,  17,  61  

  Center Point  (CP) – in time-domain OCT, the intersection of the six radial scans of the fast 
macular thickness protocol of the OCT. 

  Center Point Thickness  (CPT) – in time-domain OCT, the average of the thickness values for 
the six radial scans at their point of intersection. 

  Central Sub fi eld  (CS) – the circular area of diameter 1 mm centered around the center point. 
  Central Sub fi eld Mean Thickness  (CSMT) – the mean value of the thickness values obtained 

in the central sub fi eld. 
  Absolute Change in Thickness  – the difference in the thickness between two measurements 

made at different times. For example, if measurements  M  
1
  and  M  

2
  are made at two different 

times, then the absolute change in thickness equals  M  
2
  −  M  

1
 . The absolute change in thickness 

is equal to the absolute change in thickening, which is the  fi rst of three methods of analyzing 
OCT changes listed above. 

  Relative Change in Thickness  – the absolute change in thickness divided by the baseline 
thickness. Using the symbols introduced previously, relative thickness equals [( M  

2
  −  M  

1
 )/ M  

1
 ] · 

100%, which is the second of three methods of analyzing OCT changes. 
  Relative Change in Thickening  – the absolute change in thickness (or thickening) divided by 

the baseline thickening. Using the symbols introduced previously, relative change in thickening 
equals [( M  

2
  −  M  

1
 )/( M  

1
  − normative mean)] · 100%, which is the third of three methods of ana-

lyzing OCT changes. 
 Different names for the various methods appear in the literature. For example, the relative change 

in thickness method is also termed the variation ratio method, 107  and the relative change in retinal 
thickening method is also called the standardized change in macular thickness method. 17  

 CPT and CSMT are highly correlated in diabetic macular edema (correlation coef fi cient 
greater than or equal to 0.98) and presumably in RVO with ME; therefore, conclusions derived 
from analyses based on CPT and CSMT should be equivalent. 14  Because CSMT is derived from 
more measurements, is less dependent on centration of the OCT scan, and has a smaller 
coef fi cient of repeatability, CSMT is the preferred measurement. 14  

 In analyzing data sets with small degrees of retinal thickening, analysis of the absolute 
change in thickness may be the preferred method because of its stability. In particular, analysis 
using relative change in thickening should probably be avoided because of the instability of this 
measure in these circumstances. On the other hand, when baseline retinal thickening is large 
(e.g., greater than 400  m ), then analysis based on relative change in thickening is the better 
choice because it tends to control for the variable clinical importance of an observed absolute 
change in thickness depending on the baseline thickness. For example, a 150- m  decrease in 
macular thickness is striking in a macula with a baseline thickness of 350  m  and of minor clini-
cal signi fi cance in a macula with a baseline thickness of 750  m . 14  
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 The retinal thickness analyzer (RTA) is a 
device in which a green 540-nm helium-neon 
laser slit is projected onto the retina and viewed 
at an angle through a slit lamp. The separation 
of re fl ections from the vitreoretinal interface and 
the chorioretinal interface is used to measure the 
retinal thickness. The laser is scanned to generate 
10 optical cross sections 200  m m apart covering 
a 2 × 2-mm areas of the macula in 400 ms. The 
data are analyzed by a proprietary software algo-
rithm. The RTA was used in cases of BRVO and 
CRVO to demonstrate areas of retinal thicken-
ing, cystoid spaces, and retinal hemorrhages and 
improvement in edema after interventions. 24  ,  30  ,  66  ,  90  
Variability in  fi xation with this machine in cases 
of severe macular edema was a problem that pre-
vented  quantitative longitudinal data collection. 66  
OCT accomplishes the same objectives with bet-
ter resolution and reproducibility and has been 
adopted more widely.     

    8.4   Visual Field Testing 

 Visual  fi eld testing using a Goldmann perimeter 
reveals defects in 100% of ischemic CRVOs and 
smaller percentages in nonischemic CRVOs 
depending on the size of the test object. 39  Inability 
to see the I2e test object is reported to have 
94–100% sensitivity and 67–78% speci fi city to 
detect ischemic CRVO. 39  Although over 35 years 
Hayreh has argued for the importance of visual 
 fi eld testing in CRVO both for classifying it as 
ischemic or nonischemic and for assessing visual 
handicap, the test has not been adopted. 40  The 
methods of grading Goldmann perimetry in 
CRVO are subjective and have not been replicated 
by others. 38  Visual  fi eld testing in BRVO shows 
arcuate scotomas, central scotomas, paracentral 
scotomas, and segmental peripheral constriction. 8  

 Static perimetry has been used to demonstrate 
that krypton red grid laser treatment of macular 
edema associated with BRVO reduces retinal 
thresholds in concert with reductions in macular 
edema. 58  Similarly, capillary nonperfusion corre-
lates with decreased visual sensitivity, as assessed 
by static perimetry. 6  Areas of capillary nonperfu-

sion in more recent-onset BRVO (average duration 
11 months) correlated with relative scotomata on 
visual  fi eld testing. However, in chronic BRVO 
(average duration 24 months), nonperfused areas 
correlated with absolute scotomata. 59  Perimetry 
using the Humphrey 10–2 program has been per-
formed in nonischemic BRVO with macular edema. 
Retinal sensitivity correlated with OCT-measured 
macular thickness at the fovea ( r  = −0.629) and 3° 
eccentric to the fovea ( r  = −0.885). 45  

 Neither Goldmann nor static perimetry is rou-
tinely obtained in clinical care of patients with 
RVO. However, many patients with RVO have con-
comitant primary open-angle glaucoma for which 
serial visual  fi elds are regularly obtained. The sco-
tomata associated with the RVO can confound the 
interpretation of the visual  fi eld and make it dif fi cult 
to judge progression of glaucomatous damage. 

 Scanning laser perimetry identi fi es the func-
tional threshold at identi fi able positions within the 
area of a retinal vein occlusion. 5  An investigation 
of scotomata before and after grid laser for macu-
lar edema in BRVO showed variable results. In 
one-third of cases, the scotoma was closer to the 
fovea after grid laser than it was before; in one-
third, its location was unchanged; and in one-third, 
the scotoma was located further from the fovea 
than before grid laser. 5  Likewise, scotoma size was 
variably affected with 25% unchanged in size, 
25% smaller, and 50% larger after grid laser. 5  

 Microperimetry is a technique incorporating 
automatic perimetry and a fundus tracking system 
that allows presentation of the stimulus at a 
speci fi ed fundus position. 72  A fundus camera is 
part of the instrument, and the stimuli can be 
recorded on a photograph. Microperimetry is used 
as a method to assess  fi xation location and stabil-
ity, characteristics of visual function not assessed 
by checking visual acuity. It has been used to 
show that ME associated with BRVO is associ-
ated with elevated perimetric thresholds and that 
successful reduction in edema improves the 
thresholds. 105  Retinal thickness and retinal volume 
are more closely correlated with retinal sensitivity 
in BRVO than with best corrected visual acuity 
(BCVA). 72  Microperimetry documented absolute 
scotomata in 34.7%, relative scotomata in 53.1%, 
and minimal, insigni fi cant defects in 12.2% of 
eyes with macular BRVO. 5  In one study of 
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 nonischemic CRVO,  fi xation was stable in only 1 
of 12 patients (8%), and  fi xation was predomi-
nantly central in only 2 of 12 patients (17%). With 
improvement of macular edema after intravitreal 
triamcinolone injection, both  fi xation location and 
stability improved. 86  Scanning laser perimetry and 
microperimetry are research techniques not used 
in clinical care of RVO. 86   

    8.5   Electroretinography 

 Electroretinography (ERG) measures the electri-
cal responses of different cell types within the 
retina to standardized light stimuli. In RVOs, 

ERG provides functional information that com-
plements the morphologic information contained 
in OCT images and  fl uorescein angiography. 
Techniques used include standard full- fi eld ERG 
and multifocal ERG (mfERG). 18  ,  19  ,  25  ,  44  ,  88  ,  98  One 
advantage of the ERG over a different functional 
test, the relative afferent pupillary defect, is that it 
does not depend on having a normal fellow eye. 39  
ERG and mfERG are not widely available, are 
not part of the clinician’s regular workup of 
patients with RVO, and, if available, are time-
consuming, especially if dark adaptation for sco-
topic testing is done. 62  The results of ERG testing 
vary from one center to another despite attempts 
at international standards, and published results 
may not be generalizable. 10  

  Electroretinography Essentials for Retinal Vein Occlusions 

 In standard ERG, the retina is stimulated by light from a Ganzfeld bowl while recordings are 
made from one electrode embedded in a contact lens placed on the cornea and another stuck to 
the skin near the eye. Recordings are made under conditions of dark adaptation and light adap-
tation. Single- fl ash recordings are made as well as responses to a 30-Hz  fl icker stimulus. 
Implicit times are measured from the  fl ash to the part of the waveform being measured. 102  

 The a-wave is mediated by the photoreceptors with some postreceptor modulation (Fig.  8.7 ). 47  
The b-wave is generated from bipolar cells of the inner nuclear layer and is expected to be dimin-
ished more in ischemic CRVOs (Fig.  8.7 ). 19,    47  The oscillatory potentials re fl ect activity of the inner 
retina, which would be expected to be affected by decreased perfusion of the retinal veins in RVO. 44  
The photopic negative response (PhNR) follows the b-wave and originates from the inner retina as 
do the oscillatory potentials and  fl icker fusion signals. 19  This response is best elicited by red  fl ashes 
against a blue background but can be elicited less prominently with white  fl ashes as well. 19  In the 
mfERG, the P1 response re fl ects the activity of bipolar and Muller cells of the middle retina. 57   

 To determine retinal sensitivity, the dark-adapted single- fl ash ERG is recorded in response 
to different stimulus light intensities. The number of light stimuli used can affect the results 
obtained. Nine stimuli are thought to be enough to allow accurate curve  fi tting of the Naka–
Rushton function (Fig.  8.8 ). 102  The ERG amplitude from the a-wave trough to b-wave peak ( R ) 
is plotted against stimulus intensity  I  and the data  fi t by the Naka–Rushton function.  

  R  =  R  
max

  ·  I   n  /( I   n   +  K   n  ).  R  
max

  is a measure of the loss of cells in the retina. 102   K  is a  fi tting 
parameter that equals the intensity required to produce half the maximal response. It is there-
fore a measure of retinal sensitivity. 102   n  is the slope of the  fi tting function and is a measure of 
the homogeneity of retinal sensitivity. 102  

 There are considerable variations in ERG testing conditions such as stimulus luminances used 
across laboratories, although international standards have been set to reduce this problem. The 
variability across laboratories makes generalization of published data of questionable reliability. 53  

 In mfERG, the stimulus is a hexagonal pattern of light and dark areas that stimulates small 
separate regions of the macula. The readings are tied to the regions that generate them and 
presented as a map of voltage amplitudes that overlays the macula. 
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  Fig. 8.7    Typical scotopic white- fl ash global 
electroretinogram waveform. The  red arrow  
indicates the a-wave trough. The  green arrow  
indicates the b-wave peak. In central retinal vein 
occlusion, the b-wave peak diminishes more as the 
degree of ischemia increases       
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  Fig. 8.8    Plot of response amplitude (amplitude of the 
b-wave) versus logarithm of the stimulus intensity for 
the scotopic, white- fl ash electroretinogram. Each data 
point represents a measurement in which stimulus 
intensity is changed and the b-wave amplitude 
response is measured.  R  

max
  is the maximal response 

amplitude in microvolts. Log  K  is the logarithm of the 
stimulus intensity at which half the maximal response 
amplitude is reached.  I  is the stimulus intensity in can-
dela seconds per square meter.  n  is an exponent that is 
chosen to provide the best  fi t of the regression curve to 
the data points       
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 There are many outcome measures that can be 
chosen with standard mfERG. Mean P1 ampli-
tude of the central seven hexagons has been used 
to compare the effect of arteriovenous sheatho-
tomy on the central macular function of patients 
with BRVO and macular edema. 21  Multifocal 
oscillatory potentials were lost in areas of non-
perfused retina in a study of three patients with 
central or branch vein occusion. 88  Loss of mfERG 
response amplitude correlated with sensitivity 
loss on perimetry in patients with BRVO. 98     

    8.5.1   Branch Retinal Vein Occlusion 

 The full- fi eld electroretinogram usually remains 
normal after BRVO. 34  The oscillatory potential 
that can be extracted from ERG recordings, how-
ever, is affected. The summed difference of com-
ponents of the oscillatory potential (termed O 

1
 , 

O 
2
 , O 

3
 , and O 

4
 ) was different in eyes with BRVO 

compared to the normal fellow eyes. 34  The photo-
pic negative response (phNR) has been reported 
to be reduced in BRVO. 19  In the mfERG, reduced 
amplitudes and increased latencies have been 
reported in the affected retinal quadrants. 44   

    8.5.2   Central Retinal Vein Occlusion 

 Decreased amplitudes of the ERG have been 
equated with cell death in the inner retina. 63  
Changes in the b-wave are seen in CRVO, as pre-
dicted from the physiology. For both photopic 
and scotopic ERG, b-wave amplitude of 60% of 
normal or less or reduced by one or more stan-
dard deviations from normal had an 80–90% sen-
sitivity and 71–80% speci fi city to detect ischemic 
CRVO in one study. 39  Paradoxically, however, 
changes in the a-wave are sometimes seen as 
well. How CRVO might affect ERG variables 
related to outer retinal cells is speculative because 
the outer retina receives oxygen from the chor-
oid, which should not differ in CRVO from nor-
mal. Johnson and colleagues suggested that inner 

retinal hypoxia leads to greater diffusion of oxy-
gen from outer to inner retina with adverse effects 
on the sodium–potassium pump of the rods. 48  

 The ERG has been studied most in CRVO in 
relation to predicting subsequent neovasculariza-
tion of the iris (NVI). The ERG in ischemic CRVO 
changes over time. 63  The optimal time to perform 
an ERG with the goal of predicting later NVI has 
been suggested to be 3 weeks. 63  There is contro-
versy regarding which ERG variable is most useful 
in this regard. 19  ,  102  Scotopic and photopic b-/a-wave 
amplitude ratios have inconsistently been reported 
to be useful prognostic indicators. One study 
reported that  fi ve of eight patients with CRVO who 
developed NVI had scotopic b-/a-amplitude ratios 
less than one, but another found this ratio insensi-
tive, as only one of nine patients who had or later 
developed NVI had this characteristic. 48  ,  82  Kaye 
and Harding reported that scotopic b-/a-wave 
amplitude ratio was useful as a predictor of later 
NVI. Eyes that later developed rubeosis had a mean 
ratio of 1.28 ± SD0.22 compared to 1.80 ± SD0.24 
for the unaffected fellow eyes ( P  < 0.001). 53  ,  82  

 Other aspects of the ERG have been found use-
ful for later prediction of NVI. In one study, the 
b-wave amplitude was smaller in eyes that later 
developed NVI. 53  The mean intereye difference in 
b-wave amplitude was 102 ± SD47  m V. Of greater 
predictive power was the b-wave implicit time, 
which was prolonged in the eyes that later devel-
oped NVI. The mean intereye difference in b-wave 
implicit time was 9.6 ms (95% CI 7.4–11.8 ms). 53  
By testing over a range of luminances, the authors 
concluded that a b-wave implicit time of greater 
than 47.2 ms or an intereye difference of greater 
than 7.4 ms was strongly associated with later 
NVI. 53  The PhNR response was found to be the 
most sensitive predictor of NVI in another study. 19  

 In yet another study, a mean cone implicit time 
of 35.0 ms or more was 88% sensitive and 100% 
speci fi c for detecting eventual NVI and was sug-
gested as the most useful ERG variable for pre-
dicting later NVI. 56  In a study of 15 patients with 
CRVO, 9 of whom had or later developed NVI 
and 6 of whom did not, log  K  was the most sensi-
tive for discriminating the eyes developing NVI 
from those not developing NVI. Using a forced 
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choice experimental design, ERG analysis based 
on log  K  comparison was more than twice as sen-
sitive for detecting eyes having or destined to 
develop NVI than analysis of FA. 48  Implicit times 
for the a-wave, b-wave, and  fl icker fusion were 
signi fi cantly delayed in eyes with or destined to 
develop NVI. 48  Larsson and Andreasson found 
the average implicit time of the photopic 30-Hz 
 fl icker ERG to be the most predictive test for sub-
sequent NVI. The average time in those going on 
to develop NVI was 38.3 ms compared to 31.3 ms 
in those who did not develop NVI ( P  < 0.001). 62  
Moreover, this test required no dark adaptation 
and could be performed in 10 min once the pupil 
was dilated. 62  Lastly, one study reported that the 
photopic single- fl ash b-/a-ratio was the best pre-
dictor of later NVI and was practical because no 
dark adaptation was required. 102  

 Whereas many ERG variables have purported 
value in predicting later NVI, some have been 
reported to be of little use. The scotopic a-wave 
amplitude and implicit time were not predictive 
for later development of neovascularization of 
the iris (NVI) in one study. 53  Flicker ERG vari-
ables were not usefully predictive of later NVI in 
another study. 102  

 The inconsistency of recommendations and 
results may stem from differences in methods of 
performing the ERG despite attempts to stan-
dardize ERG methodology. 67  In clinical practice, 
ERG is rarely used in the evaluation of patients 
with CRVO. Instead, close follow-up of all 
patients has been the more practical approach to 
the issue of detecting later anterior segment 
neovascularization.  

    8.5.3   Hemicentral Retinal Vein 
Occlusion 

 Wide- fi eld multifocal ERG has been used to 
study HCRVO. WF-mfERG N1 and P1 implicit 
times are greater for the affected hemiretina com-
pared to the unaffected hemiretina. 25  ERG maxi-
mal b-wave, cone b-wave, and  fl icker fusion 
implicit times are delayed compared to the fellow 
eye. Unlike CRVO, scotopic and photopic b-/a-

amplitude ratios were no different between 
affected and fellow eyes. 25    

    8.6   Indocyanine Green 
Angiography 

 Indocyanine green (ICG) is a larger molecule than 
 fl uorescein and is more highly protein-bound. 
Therefore, it leaks less from the fenestrated chor-
oidal vessels and is better adapted than  fl uorescein 
for imaging the choroidal vasculature. It is also 
useful for imaging in cases with prominent 
intraretinal hemorrhage because the exciting light 
from the infrared spectrum penetrates hemorrhage 
better than does white light. It has been used to 
detect focal hyper fl uorescence at arteriovenous 
crossing causing a BRVO. It may have a slight 
advantage because the leakage at the site is less 
massive with ICG, but sensitivity was comparable 
to that with  fl uorescein angiography. 36  ICG 
angiography is unable to resolve retinal capillary 
detail and judge retinal ischemia. 36  When used in 
the study of BRVO, the area of leakage is smaller 
than the area of leakage with  fl uorescein in 
 fl uorescein angiography. 85  Together with simulta-
neous  fl uorescein angiography, ICG angiography 
is part of a technique called topographical angiog-
raphy that attempts to study the dynamics of reti-
nal vascular leakage after RVO. 85  

 ICG angiography has been used to explore pul-
satile blood  fl ow in  fi rst-order veins during acute-
phase CRVO. In this technique, a painstaking 
frame by frame analysis of images is done and has 
shown that pulsatile blood  fl ow in  fi rst-order 
venules may be related to cardiac cyclical com-
pression of the central retinal vein by the adjacent 
central retinal artery within the optic nerve or to 
the effects of the cyclical IOP related to the car-
diac cycle. 78  Pulsatile venular out fl ow is common 
in the acute phase of CRVO but less commonly 
observed after several months have passed. 79  

 Similarly, pulsatility of blood  fl ow in retinal 
arterioles has been shown with ICG angiogra-
phy. 79  Arterial pulsatility is more commonly seen 
soon after CRVO and vanishes as time goes on. 79  
Concomitant with loss of arterial and venular 
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pulsatility, arteriovenous  fi lling time decreases 
with increasing time after onset of CRVO. 79  

 Although some abnormalities of choroidal 
perfusion have been described occasionally in 
BRVO and CRVO, a biological rationale for the 
observations has not been advanced, and they 
have not been systematically investigated. 95  When 
laser chorioretinal venous anastomosis was a 
serious treatment alternative for CRVO, ICG 
angiography was useful to demonstrate that an 
anastomosis had been achieved. 12  With the aban-
donment of that treatment, this use for ICG 
angiography has vanished. 

 ICG angiography is rarely used in the clinical 
care of patients with RVO.  

    8.7   Color Doppler Ultrasonographic 
Imaging 

 Color Doppler ultrasonic imaging (CDUI) was 
developed to measure blood  fl ow in ocular arter-
ies and veins at their point of entrance in the 
posterior globe and in more posterior orbital 
vessels. It allows measurement of pulsatile 
blood  fl ow velocity in the ophthalmic artery, 
central retinal artery, and posterior ciliary arter-
ies. 84  Peak systolic blood velocity can be mea-
sured in the central retinal vein 84  A calculated 
resistive index of the central retinal artery can 
be assessed. 1  ,  23  It cannot measure vessel diame-
ter and therefore cannot measure volumetric 
blood  fl ow. 55  ,  84  ,  100  The technique involves plac-
ing the patient in a supine position and applying 
a 7.5-MHz probe to the eye. The angle between 
the incident beam and the blood vessel is small, 
allowing the frequency shift in the signal to be 
used as a velocity measurement of the blood 
 fl owing in the vessel. 1  A video-imaging unit dis-
plays colored pixels representing Doppler fre-
quency shifts, and these indicate the presence of 
blood vessels that are identi fi ed by knowledge 
of the orbital anatomy. Once the vessel of inter-
est is located, pulsed Doppler is used to obtain a 
spectral waveform of the blood velocity. 103  The 
peak systolic  fl ow velocity (PSV) and end 

 diastolic  fl ow velocity (EDV) are measured in 
this way, and a quantity called resistive index 
(RI) is de fi ned by RI = (PSV − EDV)/PSV. RI is 
thought to re fl ect distal vascular resistance in 
vascular beds with constant oxygen demand. 84  A 
quantity called pulsatile velocity amplitude is 
(PVA) de fi ned by PVA = PSV − EDV. The venous 
 pulsatility index (VPI) is de fi ned as 
VPI = ( V  

max
  −  V  

min
 )/ V  

max
 , where  V  

max
  = maximum 

peak velocity and  V  
min

  = minimum peak velocity 
of the central retinal vein. 103  This index is 
speci fi c to the central retinal vein which, unlike 
other veins in the body, shows blood velocity 
variations in synchrony with the cardiac cycle 
rather than with changes in intrathoracic pres-
sure related to respiration. Expansion of the 
central retinal artery with the systemic pulse 
causes constriction of the central retinal vein, 
thereby increasing blood velocity. 103  This 
unusual behavior is caused by the CRA and 
CRV sharing an adventitial sheath so that an 
expansion of the CRA causes a compression of 
the CRV. 103  

 The ophthalmic artery, central retinal artery, 
and central retinal vein can be speci fi cally located, 
but it is not possible to determine if the signal rec-
ognized as arising from the PCAs is arising from a 
single one or a cluster of these. This is due to their 
small size and the fact that, in general, measure-
ments from PCAs are dif fi cult to obtain. 84  
Reproducibility of Doppler ultrasonographic 
imaging measurements improves as vessel diame-
ter increases. 84  Reproducibilities are especially 
poor for the PCAs (Table  8.3 ). 37  ,  100  The location of 
the volume measured is critical in interpreting 
measurements. Thus, the blood velocities of the 
central retinal artery within the optic nerve and in 
the region of the lamina cribrosa, two locations 
close together, vary by a third. The higher velocity 
at the lamina cribrosa indicates that the central 
retinal artery narrows there. 99  The effect is even 
greater for the central retinal vein, in which blood 
velocity at the level of the lamina cribrosa is 3.6 
times as great as at the level of the optic nerve. 99  
Low blood velocities degrade reproducibility of 
measurements, so in venous measurements, end 
diastolic velocity is not usually measured. 
Measurements depend on operator experience and 
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are sensitive to the angle of incidence of the ultra-
sound (determined by how the probe is held) rela-
tive to the course of the vessel. 37  ,  99  ,  100  Even using 
peak systolic velocities, reproducibility is rather 
low with a coef fi cient of variation for central reti-
nal vein peak systolic velocity of 15.2%. 99  There 
are many confounding variables as well, such as 
patient age, blood viscosity, and history of smok-
ing. 103  This test is used only in research studies.  

 Results of CDUI are inconsistent in CRVO. In 
one study, the PSV of blood in the CRA was 
lower in eyes with CRVO than in fellow eyes or 
control eyes of patients without CRVO. 99  
However, in another study, the results were 
dependent on perfusion status. For nonischemic 
CRVO, there were no signi fi cant differences of 
 fl ow velocity in the ophthalmic or central retinal 
arteries of patients with nonischemic CRVO. 3  

However, in ischemic CRVO, the  fl ow velocities 
were signi fi cantly lower in the affected compared 
to the fellow eyes, presumably due to transmitted 
backpressure through the capillaries to the arte-
rial side of the vascular tree. 3  Laser PRP further 
reduced  fl ow velocities in the OA and CRA. 3  

 The PSV of blood in the CRV was not statisti-
cally different in eyes with CRVO than in fellow 
eyes or eyes with controls without CRVO. 99   

    8.8   Laser Doppler Flowmetry 

 Retinal major arterial and venous branch blood 
 fl ow can be measured with the laser Doppler 
blood- fl ow meter (LDBFM). 28  ,  69  The LDBFM 

   Table 8.3    Normal values and reproducibilities of measurements with color Doppler imaging   

 Vessel  Clinical situation 
 Peak systolic 
velocity (cm/s) 

 End diastolic 
velocity  Resistive index (%) 

 Ophthalmic artery  Normal value  35.1 ± 11.2 100   8.6 ± 3.9 100   78 ± 8 52  
 32.9 ± 6.7 55   7.07 ± 2.47 52   82 ± 2 84  
 32.03 ± 7.80 52   7.8 ± 0.5 84   74 ± 8 103  
 45.9 ± 4.4 84   9.2 ± 3.5 3   58 ± 10 3  
 38.6 ± 10.1 3  

 Value in CRVO  36.8 ± 10.9 100   8.3 ± 4.1 100  
 Coef fi cient of 

variation 
 5.1%, 37  6.5% 101   9.6%, 37  11.0 101   1.7%, 37  4.8% 101  

 Central retinal artery  Normal value  10.2 ± 2.9 100   3.1 ± 1.1 100   78 ± 7 52  
 10.9 ± 2.5 55   2.14 ± 0.95 52   69 ± 8 103  
 9.83 ± 3.00 52   3.1 ± 1.1 103   55 ± 10 3  
 12.2 ± 3.6 99   4.1 ± 1.9 3  
 9.4 ± 3.1 3  
 10.2 ± 2.8 91  

 Value in CRVO  9.1 ± 3.2 100   2.3 ± 1.6 100  
 Coef fi cient of 

variation 
 5.3%, 37  4.8% 101   17.9% 37   4.6% 37  

 12.2% 101   6.4% 101  
 Posterior ciliary artery  Normal value  11.4 ± 4.3, 55   2.86 ± 0.97 52   72 ± 8 52  

 9.99 ± 1.55 52   3.04 ± 0.89 52   67 ± 9 52  
 9.09 ± 1.57 52   3.6 ± 0.4 84   70 ± 2 84  
 12.4 ± 0.9 84  

 Coef fi cient of 
variation 

 11.6% 37   8.8% 37   7.6% 37  
 36.6% 101   38.8% 101   10.0% 101  
 12% 37   14.2% 37   4.9% 37  

 Central retinal vein  Normal value  5.8 ± 1.5 a  100   3.8 ± 0.9 b  100   32.4 ± 9.7 103  
 5.7 ± 1.4 a  103   3.8 ± 0.8 b  103  

 Value in CRVO  4.3 ± 2.1 a  100   3.1 ± 1.6 b  100  

   a  V  
max

 ,  b  V  
min
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uses two lasers, one of which measures vessel 
diameter, and the other of which measures blood 
velocity using the Doppler principle. 28  This 
instrument is unable to measure blood  fl ow in 
second-order and smaller retinal arteries and 
veins. 69  An automatic vessel-tracking system 
allows maintenance of centration of the device on 
a target vessel. A 675-nm diode laser is used to 
measure centerline blood velocity using Doppler 
velocimetry. 108  Vessel diameter is measured auto-
matically by the instrument, and blood  fl ow in 
microliter per minute is computed, unlike mea-
surements yielding less useful units (e.g., pixels/s) 
made with other techniques such as FA. 43  The 
LDBFM has the weakness that it assumes a rela-
tionship between maximum Doppler shift and 
true average blood velocity that may not be true. 28  
Its strength is that it gives retinal blood  fl ow in 
real rather than arbitrary units. 28  

 Reproducibility is the main concern with this 
technology, with reported coef fi cients of varia-
tion of 12–20%. 37  Reduced blood  fl ow to the 
affected quadrant in a patient with BRVO and 
improved blood  fl ow in a patient with CRVO 
after spontaneous improvement have been dem-
onstrated. 108  This is a research technique not used 
in clinical care.  

    8.9   Ophthalmodynamometry 

 Ophthalmodynamometry is a technique in which 
external pressure is applied to the globe while 
viewing the central retinal artery and vein at the 
optic disk. 33  Measurements can be made in arbi-
trary units to record the pressure that leads to col-
lapse of the vessels during diastole and systole. 

 The technique is beset by problems of low 
reproducibility possessing a coef fi cient of 
variation of 9.1%, thus requiring one to obtain 
many measurements (e.g., nine) to allow 
averaging in reaching a value for an eye. 49  
Ophthalmodynamometric pressure (ODP) cannot 
be measured in absolute units because it is a com-
posite of IOP and the externally applied pressure. 
The measurement itself changes IOP, thus there 

is inherent unreliability as used in the clinic. 
Intraoperatively, ODP can be measured accu-
rately using the vented-gas forced-infusion sys-
tem available with many vitrectomy machines. 89  
In this setting, ODP is signi fi cantly correlated 
with diastolic and mean arterial, but not systolic 
blood pressure. In a study of 75 patients under-
going vitrectomy for complications of diabetic 
retinopathy, ODP on average was 12.2 mmHg 
less than diastolic blood pressure and 62 mmHg 
less than mean arterial pressure. 89  

 In one study, the central retinal vein collapse 
pressure was, on average, 1.8 times higher in 
eyes with more severe central retinal vein occlu-
sion than eyes with less severe CRVO. Both 
groups were higher than the central retinal vein 
collapse pressure in normal eyes or eyes with 
BRVO. 49  

 The technique is not used in routine clinical 
practice.  

    8.10   Scanning Laser Doppler 
Flowmetry 

 In this technique, blood  fl ow within capillaries in 
regions of the retina is determined through a 
combination of laser Doppler  fl owmetry and 
scanning laser technology. 2  Microvascular  fl ow 
values (volume,  fl ow, and velocity) are measured 
in arbitrary units. A region of the retina is illumi-
nated with the scanning laser. The Doppler shift 
of the light due to moving blood cells produces 
an intensity oscillation in the unshifted re fl ected 
light that is proportional to the blood cell veloc-
ity. The laser scanning tomography allows sam-
pling of a retinal region, and retinal blood volume 
and  fl ow are directly measured. However, they 
are measured in standardized units that are not 
intuitively related to physiologic units such as 
milliliters or millimeter per second. 2  The method 
is therefore useful for paired comparisons, such 
as region to region within the same eye or region 
to region in two fellow eyes or region to region in 
normal and diseased eyes. 2  This is a research 
method only.  
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    8.11   Laser Interferometry to 
Measure Pulsatile Choroidal 
Blood Flow 

 Compensatory increases in pulsatile choroidal 
blood  fl ow have been measured using laser inter-
ferometry to measure changes in the cornea–reti-
nal distance during the cardiac cycle. The 
maximal change in the cornea–retinal distance is 
the fundus pulsation amplitude, measured at the 
fovea. In BRVO, evidence suggests that there is a 
compensatory increase in fundus pulsation ampli-
tude. This is a research technique only. 65   

    8.12   Vitreous Fluorophotometry 

 In vitreous  fl uorophotometry, intravenous 
 fl uorescein is administered, and posterior vitre-
ous  fl uorescence is measured over time. An area 
under the posterior vitreous  fl uorescence curve is 
determined and compared to the area under the 
plasma-free  fl uorescein curve to yield a permea-
bility index which is a measure of the blood retina 
barrier. Affected eyes with nonischemic CRVO 
have an elevated permeability index that normal-
izes over 6–12 months, but eyes with ischemic 
CRVO show persistently elevated permeability 
consistent with unresolved blood–retinal barrier 
breakdown. 16  Vitreous  fl uorophotometry is a 
research tool not used in clinical practice.  

    8.13   Summary of Key Points 

    Color fundus photographs,  fl uorescein angiog-• 
raphy, and optical coherence tomography 
(OCT) are ancillary tests commonly used in 
managing RVO.  
  Electroretinography and visual  fi eld testing • 
are ancillary tests rarely used in managing 
RVO.  
  All other ancillary tests are used in research • 
rather than in patient care.  

  OCT is the most important ancillary test used • 
in RVO. It is objective, reproducible, and 
essential for managing patients with macular 
edema associated with RVO.  
  Recognition of OCT artifacts is important to • 
avoid mistakes in interpretation. The most 
important artifact is the erroneously drawn 
segmentation line, often caused by the pres-
ence of intraretinal hemorrhage.         
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    9.1   Terminology 

 Many terms are used in a synonymous fashion in 
the literature on retinal vein occlusion (RVO). The 
following are synonyms for a type of RVO mani-
festing little imbalance between oxygen demand 
and supply – nonischemic, perfused, venous stasis 
retinopathy, partial, incipient, imminent, threat-
ened, impending, mild, incomplete, papillophlebi-
tis, and hyperpermeability type. 22  The more serious 
type of RVO, in which inner retinal oxygen demand 
outstrips oxygen supply by a larger margin, has 
synonyms too – ischemic, hemorrhagic, complete, 
stagnation thrombosis, combined occlusion of the 
retinal vessels, and nonperfused. 22  Although there 
are many published discussions about which terms 
are preferable, in this book, the arbitrary choice is 
made to use the terms nonischemic and ischemic 
to describe RVOs. 22  The classi fi cation of RVO 
based on ischemia is covered in Chap.   4    , as well as 
the controversies and confusion surrounding the 
various de fi nitions of ischemia. In this chapter, the 
perspective is, instead, practical and clinical. 

 In practice, the classi fi cation of patients with 
RVO by ischemic status is uncertain. Therefore, a 
broad rather than restrictive de fi nition is preferred, 
because sensitivity is more important than 
speci fi city when attempting to detect the sight-
threatening complications that can follow ischemia – 
varieties of ocular neovascularization. 7  ,  37  Ocular 
neovascularization includes anterior segment neo-
vascularization (ASNV) and posterior segment 
neovascularization. ASNV is, in turn, divided into 

neovascularization of the iris (NVI) and neovascu-
larization of the angle (NVA) (see Chap.   11    ). 
Posterior segment neovascularization includes neo-
vascularization of the disc (NVD) and neovascular-
ization elsewhere (NVE) (see Chap.   10    ). Our 
con fi dence in any test’s ability to predict ischemic 
status or the probability of later ocular neovascular-
ization is low, because RVO is dynamic and because 
of poor reproducibility of each study in its claimed 
predictive power. There is no substitute for more 
frequent follow-up when there is clinical doubt as to 
which ischemic subtype of RVO the patient has. 7  

 Vascular endothelial growth factor (VEGF) 
exhibits the characteristics required of the angio-
genic factor originally hypothesized to exist by 
Michelson in 1948. VEGF is produced in the 
retina, its levels increase in ischemia, and it must 
be present for NVI to occur (see Chap.   2    ). 1  VEGF 
mRNA levels are increased in the ischemic retina, 
and intraocular VEGF levels are spatially and 
temporally associated with neovascularization. 39  
Injection of anti-VEGF antibodies prevents NVI 
following RVO. 1  The observation that anti-VEGF 
drugs improve visual acuity and decrease macu-
lar edema (ME) in the majority of RVOs whether 
they are classi fi ed as ischemic or not has led to 
the conclusion that all RVOs exhibit some degree 
of ischemia, even those conventionally classi fi ed 
as nonischemic. 29  

 Table  9.1  lists abbreviations commonly used 
in the discussion of retinal ischemia in RVO. 
Each abbreviation will be spelled out at its  fi rst 
occurrence.   

    Chapter  9 
   Ischemia and Retinal Vein Occlusions       
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    9.2   Branch Retinal Vein Occlusion 

 The relative proportions of BRVOs characterized 
as nonischemic and ischemic are inconsistent in 
the literature. The inconsistency arises from the 
variability in de fi nitions of ischemia for BRVOs, 
from lack of reproducibility of measurement 
techniques across different clinicians, and from 
differences in patient samples studied. Hayreh 
reported that most major BRVOs were isch-
emic. 18  ,  20  However, in a population-based study 
of pooled RVOs from China, of which 58 of 63 
RVOs were BRVO, nonischemic occlusions were 
nine times more common than ischemic ones. 34  
In the Standard Care Versus Corticosteroid for 
Retinal Vein Occlusion (SCORE) BRVO study, 
12–18% of BRVOs were ischemic at baseline. 52  

 Although judging ischemia in a case of BRVO 
by  fl uorescein angiography (FA) can be dif fi cult 
when hemorrhage, cataract, and poor pupillary 
dilation confound interpretation, in many cases, 
the situation is uncomplicated and can be clearly 

categorized as nonischemic (Fig.  9.1 ) or ischemic 
(Fig.  9.2 ). Therefore, FA is selectively useful for 
assessing ischemia in BRVO.   

 Vitreous levels of VEGF and soluble intercel-
lular adhesion molecule-1 (sICAM-1) are corre-
lated with the area of nonperfused retina in 
BRVO. 41  Fluorescein leakage in ischemic zones 
tends to resolve spontaneously over a period of 
months (Fig.  9.3 ). 11  Ischemia causes atrophy of the 
inner retina that can be seen in pathologic speci-
mens (see Chap.   1    ) and in OCT scans (Fig.  9.2 ). 
The in fl uence of macular ischemia associated with 
BRVO on  fi nal visual outcome has been judged 
inconsistently. Nonischemic BRVO has been asso-
ciated with either a poorer prognosis 10  ,  38  ,  47  or a bet-
ter visual acuity prognosis. 12  Generally, the greater 
the area of ischemia in BRVO, the higher the risk 
of secondary NVD and NVE, and the more closely 
the patient should be followed to detect and treat 
neovascularization (see Chaps.   10     and   12    ). In 
accord with this idea, macular BRVOs are not 
associated with intraocular neovascularization 
even when they are ischemic, because the area 
involved is small (Fig.  9.4 ).   

 Conversion from nonischemic to ischemic 
BRVO can occur. 5  The rate of conversion from 
nonischemic to ischemic BRVO varies with the 
de fi nitions used for these terms. In the SCORE 
BRVO study, using a de fi nition of ischemia as 
more than  fi ve disc areas (DAs) of capillary non-
perfusion, the percentage of eyes judged ischemic 
at 12 and 24 months’ follow-up was approxi-
mately double the percentage judged ischemic 
at baseline. 52  The rate of conversion was 
unin fl uenced by treatment group. 52  At baseline, 
the percentages of ischemic BRVO were 13%, 
18%, and 12% for the grid laser, 1 mg intravitreal 
triamcinolone acetonide (IVTA), and 4 mg IVTA 
groups, respectively. At 1-year follow-up, the 
percentages were 29%, 31%, and 23%, respec-
tively. 52  In another study using a different 
de fi nition of ischemia, 29% of nonischemic 
BRVOs became ischemic over the course of 
1 year of follow-up. 2  Increased intraretinal hem-
orrhage at presentation was associated with an 
increased risk of conversion from nonischemia 
to ischemia. 2  In another study of 31 nonischemic 
BRVOs, 16% had progressive ischemia from 1 to 

   Table 9.1    Abbreviations used in ischemia and retinal 
vein occlusions   

 Abbreviation  Term 

 ASNV  Anterior segment neovascularization 
 BRVO  Branch retinal vein occlusion 
 CRVO  Central retinal vein occlusion 
 CVOS  Central vein occlusion study 
 DA  Disc areas 
 ERG  Electroretinogram 
 FA  Fluorescein angiogram 
 IVBI  Intravitreal bevacizumab injection 
 IVTI  Intravitreal triamcinolone injection 
 ME  Macular edema 
 NVD  Neovascularization of the disc 
 NVE  Neovascularization elsewhere 
 NVI  Neovascularization of the iris 
 OCT  Optical coherence tomography 
 RAPD  Relative afferent pupillary defect 
 RVO  Retinal vein occlusion 
 SCORE  Standard care versus corticosteroid for 

retinal vein occlusion 
 SD-OCT  Spectral domain optical coherence 

tomography 
 TD-OCT  Time domain optical coherence 

tomography 
 VA  Visual acuity 
 VEGF  Vascular endothelial growth factor 
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14 months at a mean of 5.2 months after the 
baseline visit. The only predictive factor was 
male gender. 6   

    9.3   Central Retinal Vein Occlusion 

    9.3.1   Clinical Characteristics 

 Assessment of ischemia in CRVO is important 
because of the consequences of ischemia. An 
immediate consequence is poorer visual acuity 

(VA) if the ischemia involves the macula. The 
most feared later consequence of retinal isch-
emia in CRVO is ocular neovascularization, 
which has multiple forms. At all follow-up 
times, the order of frequency of the various 
forms of ocular neovascularization after isch-
emic CRVO is NVE < NVD < neovascular glau-
coma (NVG) < NVA < NVI (Table  9.2 ). 
Approximately 85% of cases of the various 
forms of ocular neovascularization will develop 
by 1 year following ischemic CRVO, but the last 
15% may continue to develop over an additional 
2 years. 23   
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  Fig. 9.1    Fundus images of a 72-year-old hypertensive 
woman who noticed blurred vision of the left eye for sev-
eral weeks. She had a nonischemic macular branch retinal 
vein occlusion. ( a ) Monochromatic fundus photograph of 
the left eye shows telangiectatic venules but no hemor-
rhage suggesting that this BRVO has been present for 
much longer than the patient suspected. ( b ) Frame from 
the mid-phase  fl uorescein angiogram showing the arterio-
venous crossing at which the occlusion occurred (the  yel-

low arrow ). The absence of hemorrhage makes capillary 
perfusion unambiguous. The capillaries and venules to the 
involved region of the retina are dilated but perfused (the 
 yellow oval ). ( c ) Late frame from the  fl uorescein angio-
gram shows profuse late leakage of  fl uorescein dye. ( d ) 
Time domain OCT shows thickening of the superior mac-
ula. The vertically oriented line scan shows edema pri-
marily in the mid and outer retina       
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  Fig. 9.2    Fundus images of a 56-year-old hypertensive 
woman with an old ischemic inferotemporal branch reti-
nal vein occlusion. The best corrected visual acuity was 
20/63. ( a ) Color fundus photograph shows the sheathed 
 fi rst-order branch retinal vein (the  arrow ). The arterioles 
have increased light re fl exes consistent with chronic 
hypertension. Small venular remodeling can be seen in 
the inferior macula. ( b ) Frame from the early-phase 
 fl uorescein angiogram of the right eye. The  arrow  denotes 
the disruption of the perifoveal capillary arcade. Other 
areas of capillary nonperfusion are evident in the infer-
otemporal quadrant. Despite the ischemia, no neovascu-

larization is present. ( c ) Frame from the late phase of the 
 fl uorescein angiogram of the right eye. Although there is 
some staining of venular walls, there is little leakage of 
 fl uorescein into the interstitium. ( d ) Spectral domain OCT 
(SD-OCT) line image through the right macula shows 
atrophy of the inner retina temporally (the  arrow ). The 
demarcation between cell layers is effaced and the nerve 
 fi ber and ganglion cell layers are thin compared to the 
normal fellow eye (see  e ). ( e ) SD-OCT line image through 
the left macula. The  arrow  denotes the normal temporal 
macular thickness and pro fi le (compare to  d )       

  Fig. 9.3    Fundus images from a 63-year-old man with 
hypertension, diabetes mellitus, and hypercholesterolemia 
who reported a several year history of visual acuity loss of 
the right eye and was found to have an old superotemporal 
branch retinal vein occlusion. ( a ) Color fundus photo-
graph shows white, “ghost” venules (the  black arrows ). 
The  green arrow  denotes the arteriovenous crossing at 
which the occlusion occurred. Hypertensive arteriolar 
changes are present. The  yellow arrow  denotes the nar-
rowed, underperfused proximal segment of the draining 
branch vein. ( b ) Frame from the laminar venous phase 
angiogram showing delayed circulation superotemporally 
and nonperfused superotemporal retina. ( c ) Frame from 
the mid-phase  fl uorescein angiogram shows venous col-

laterals (the  yellow arrow ) that traverse the nonperfused 
zone of retina. The tortuous segments of the collaterals 
occur above the horizontal raphe (the  yellow line ) in the 
nonperfused zone. ( d ) Frame from the late-phase 
 fl uorescein angiogram showing late leakage in the rela-
tively better perfused parafoveal zone (the  yellow oval ) 
compared to the ischemic zone (the  orange oval ). ( e ) 
SD-OCT line scan showing some derangement of the reti-
nal outer layers (the  yellow oval ) of the ischemic zone. 
The hyperre fl ective intraretinal foci suggest areas of 
resolved edema. Residual cysts are present where the 
 fl uorescein leakage was most prominent (the  green     
 arrow ). ( f ) SD-OCT of the normal fellow eye shows nor-
mal outer retina in a symmetric locus (the  orange arrow )         
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 The clinical distinction of ischemic from 
nonischemic CRVO is multidimensional and 
involves an integration of initial visual acuity 
(VA); extent of intraretinal hemorrhage; severity 
of macular edema (ME); presence and severity 
of a relative afferent papillary defect (RAPD); 
degree of retinal capillary nonperfusion on FA; 
electroretinographic changes; visual  fi eld 
changes; patient age; presence of diabetes, 

  Fig. 9.4    Fundus    images of a 50-year-old man with 
hypertension who developed a macular branch retinal 
vein occlusion (BRVO). Macular BRVOs do not lead to 
subsequent ocular neovascularization, but focal signs of 
ischemia can be seen. The visual acuity was 20/70. ( a ) 
Color fundus photograph of the left eye at baseline. A cot-
ton wool spot that occupies most of the area of the BRVO 
is present (the  black arrow ). By de fi nition, a cotton wool 
spot is an area of focal ischemia, yet all macular BRVOs 
are nonischemic, because the levels of intraocular VEGF 

are low corresponding to the small area of nonperfusion. 
( b ) Frame    from the early-phase  fl uorescein angiogram. 
Capillary perfusion is dif fi cult to judge because the 
opaque nerve  fi ber layer and intraretinal blood block the 
view ( yellow oval ), but the area is so small that even 
assuming capillary nonperfusion, the BRVO would be 
classi fi ed as nonischemic (less than  fi ve disc areas of non-
perfusion) ( c ) Frame from the late-phase fl uorescein 
angiogram. Leakage of fl uorescein from hyperpermeable 
retinal small vessels is shown ( yellow oval )       

   Table 9.2    Percentages of eyes with ischemic central reti-
nal vein occlusion developing subsequent forms of 
intraocular neovascularization   

 Form of ocular neovascularization  Percentage (%) 

 Neovascularization elsewhere  10 
 Neovascularization of the disc  20 
 Neovascular glaucoma  50 
 Neovascularization of the angle  60 
 Neovascularization of the iris  70 

  Data from Hayreh 18   
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  In    the Face of Evidence that Fluorescein Angiography Is Poorly Predictive of Ischemia in 
Acute Central Retinal Vein Occlusion, Why Is It Widely Used? 

 The evidence is strong that in acute CRVO the FA is poorly predictive of ischemic status because 
capillary nonperfusion cannot be assessed in 38–60% of cases, capillary closure may not occur 
immediately after CRVO, and reproducibility of interpretation of FAs for extent of capillary nonper-
fusion is poor across clinicians even when the study is technically excellent. 22,    53,    54  Nevertheless, FA 
is used in the majority of published studies and in clinical practice to de fi ne an eye as ischemic or 
nonischemic. The eyes with indeterminate status are simply treated as though they are ischemic 
because 88% have been found to eventually fall into that group on follow-up. 49  FA is an ancillary test 
that is reimbursed by health care payers in the United States. There may be an economic incentive to 
use this test. No such economic incentive is provided for the more reliable quantitative measurement 
of RAPD, which is not confounded by presence of intraretinal hemorrhage. In fact, there may be an 
economic disincentive to use the RAPD, as it would require the ophthalmologist to examine the 
patient in the undilated state  fi rst (to assess the pupils) and then again after dilation (to examine 
the fundus). Most retina specialists delegate pupil testing to less trained technicians, only examin-
ing the patient personally after dilation. It may not be surprising, therefore, that the quantitative 
measurement of RAPD in CRVO is little used in practice. Also, although FA is poorly predictive 
over a population of patients with CRVO, in particular cases with clear media and lacking obscuring 
intraretinal hemorrhage, it can be de fi nitive in addressing the issue of ischemia (Fig.  9.5 ).  

  Fig. 9.5    A 74-year-old female with diabetes, hyperten-
sion, hypercholesterolemia, and a previous history of 
two strokes presented with loss of vision in her left eye. 
Examination revealed a double HCRVO with an isch-
emic superior HCRVO and a nonischemic inferior 
HCRVO. The visual acuity in the left eye was light per-
ception. ( a ) Monochromatic fundus photograph of the 
left eye shows two hemicentral retinal veins. The supe-
rior HCRV is more distended (the  green arrow ) than the 
inferior HCRV (the  red arrow ). ( b ) Monochromatic fun-
dus photograph centered on the macula of the left eye. 
Superiorly, there is an area with a paucity of intraretinal 
hemorrhages (the  yellow oval ) with a featureless appear-
ance compared to a symmetrical area inferior to the hori-
zontal raphe (the  turquoise oval ). This can be a sign of 
ischemia. ( c ) Frame from the mid-phase  fl uorescein 

angiogram shows absence of capillary perfusion superi-
orly (the  yellow oval ) but good capillary detail inferiorly 
(the  turquoise oval ). ( d ) Frame from the late-phase 
 fl uorescein angiogram showing intense hyperfluore-
scence in the superior hemiretina (the  yellow oval ) com-
pared to the inferior hemiretina (the  turquoise oval ). ( e ) 
The OCT false-color map shows that retinal thickening 
correlates with the degree of hyper fl uorescence. Retinal 
thickness is over twice as great above the horizontal 
raphe as below as shown from the ETDRS subsector 
mean values. Although there is not a great deal of hemor-
rhage, the inner segment/outer segment junction is dis-
continuous (the  yellow arrow ) presumably because the 
extensive swelling has led to photoreceptor swelling and 
misalignment. In the fovea, where swelling is greatest, 
the inner segment/outer segment junction is not seen         
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hypertension, and atherosclerotic cardiovascular 
disease; and presence of preexisting glaucoma. 
Not all of these tests    or pieces of information are 
typically obtained in every patient, and no uni-
versally accepted formula exists to reach the 
diagnosis of ischemic versus nonischemic CRVO 
(see Chap.   4    ). 

 Of all CRVOs, the nonischemic type make up 
50 to 81% and the ischemic type 19–45%, with 
the remainder indeterminate. 18  -  21  ,  25  ,  27  ,  28  ,  32  ,  35  ,  40  ,  44  As 
a simple rule, approximately 25% of CRVOs are 
ischemic and 75% nonischemic at baseline. If one 
factors in the 34% of initially nonischemic CRVOs 
that eventually become ischemic over 3 years of 
follow-up, approximately 50% of eyes with CRVO 
eventually end up in the ischemic category. 31  

 Many eyes with CRVO have so much intraret-
inal hemorrhage that the capillary detail of the 
FA is obscured making a determination of perfu-
sion status impossible (Fig.   8.3    ). 18  ,  49  ,  53  Such eyes 
generally behave as though they are ischemic and 
should be managed as such with the more inten-
sive follow-up schedule (monthly for at least 
6 months) reserved for ischemic CRVOs. 49  
Eighty-three percent of indeterminate CRVOs 
either eventually manifest ischemic status on FA 
or else develop ASNV before retinal perfusion 
status can be determined. 49  

 The proportions of ischemic and nonischemic 
HCRVOs parallel those for CRVO. In a consecu-
tive series of 41 HCRVOs from a single clinic, 
66% were nonischemic and 34% were ischemic. 20  
A later report from the same clinic in a larger 
number of patients revised these estimates to 
78% nonischemic and 22% ischemic. 18  

 Patients with nonischemic CRVO are, on aver-
age, younger and less likely to have diabetes mel-
litus compared to patients with ischemic CRVO. 26  
There are no differences in prevalence of many 
factors between ischemic and nonischemic 
CRVOs, including gender, hypertension, isch-
emic heart disease, smoking, and cerebrovascular 
disease. 26  Differences among studies in the sys-
temic associations that they report can arise from 
the different ways the studies de fi ne ischemic and 
nonischemic CRVO. 25  Thus, for example, the Eye 
Disease Case-Control Study differed in its 

de fi nitions of ischemic and nonischemic CRVO 
from Hayreh, making it invalid to compare results 
across these two studies. 26  ,  51  

 The baseline VA in eyes with nonischemic 
CRVO is better than in ischemic CRVO. In a 
series of 29 nonischemic CRVOs, 90% had a 
baseline visual acuity of 20/40 or better. 16  In gen-
eral terms, presence of a greater number of 
intraretinal hemorrhages and more cotton wool 
spots correlates with increasing ischemia, but 
there are many exceptions (Fig.  9.1 ). 7  ,  48  Many 
nonischemic CRVOs have some cotton wool 
spots, and some very ischemic CRVOs show few 
hemorrhages. Thus, the fundus picture has poor 
speci fi city for predicting if the CRVO is ischemic 
in type or not. 22  Two fundus signs are associated 
with nonischemic status of a CRVO – presence of 
optic disc collateral vessels and presence of mac-
ular lipid. 7  Presence of more severe macular 
thickening on stereoscopic grading of macular 
fundus photographs is associated with ischemic 
status of a CRVO (more ME suggests worse isch-
emia). 7  Many of these clinical variables capture 
similar prognostic information regarding even-
tual development of ASNV. Therefore, in multi-
variate models attempting to predict eventual 
ASNV, a few variables capture almost all of the 
predictive power. The presence of an RAPD is 
the most important sign of those variables regu-
larly assessed. 7  

 Visual acuity is a good predictor of  fl uorescein 
angiographically de fi ned ischemia in recently 
diagnosed CRVO. It is not so good for CRVOs of 
longer duration. During the acute phase of CRVO, 
if the VA is better than 6/120, the probability is 
88% that the CRVO is nonischemic. VA of less 
than 20/200 in an acute CRVO reliably predicts 
the CRVO to be ischemic. 50  In a large single insti-
tution case series with a strict de fi nition of isch-
emia, all eyes with an ischemic CRVO had initial 
visual acuity of 20/70 or less. 26  In eyes for which 
the diagnosis of CRVO is made within 1 month 
of symptoms, if the initial VA is less than 20/200, 
there is a 54% chance of developing ASNV, usu-
ally within the  fi rst 8 months. 49  Careful follow-up 
is mandatory with gonioscopy of the undilated 
eye as NVA precedes NVI in 12% of cases. 7  

http://dx.doi.org/10.1007/978-1-4614-3439-9_4
http://dx.doi.org/10.1007/978-1-4614-3439-9_8
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 Detection of a relative afferent pupillary defect 
(RAPD) and quantitation using neutral density 
 fi lters provides useful information regarding 
ischemia in CRVO and is inexpensive. 22  In addi-
tion, testing for an RAPD is useful from the  fi rst 
visit, at a time when FA may be useless because 
of heavy intraretinal hemorrhage. 18  The sensitiv-
ity and speci fi city of presence of a 0.9 log unit 
RAPD in predicting ischemic status of CRVO are 
80% and 97%, respectively. 22  For the test to work, 
the fellow eye must not have optic nerve or exten-
sive retinal disease. 22  Quantitation of an RAPD is 
also possible using two optical polarizers that are 
crossed at variable angles to attenuate the light. 

 The signs of ischemia develop over time and 
can be dif fi cult to assess. Capillary nonperfusion 
may take 3–4 weeks to develop and may be pre-
dominant in the retinal periphery and dif fi cult to 
capture with conventional FA. 25  Newer methods 
of retinal imaging that can more easily access the 
periphery are helpful, but not widely available.     

    9.3.2   Conversion from Nonischemic 
to Ischemic Central Retinal 
Vein Occlusion 

 Rates of conversion from nonischemic to isch-
emic CRVO depend on length of follow-up, pro-
gressively increasing with longer follow-up until 
a plateau is reached at approximately 3 years. 
Conversion rates of 16% by 4 months and 34% 
by 3 years were reported in the Central Vein 
Occlusion Study (CVOS). 32  ,  49  Another prospec-
tive study de fi ning ischemia in a different manner 
from the CVOS reported 54% rate of conversion 
over a mean follow-up of 2 years. 14  In a clinic-
based series of 620 CRVOs, the cumulative prob-
ability of conversion from a nonischemic to 
ischemic CRVO at 6 and 18 months was 13.2% 
and 18.6%, respectively, among patients of 
65 years of age and older. For patients 45–64 years 
of age, the rates of conversion were 6.7% and 
8.1%, respectively. 24  

 Hayreh has suggested that all CRVOs begin as 
nonischemic CRVO and that many progress to 

ischemic CRVO before the patient sees the 
doctor. In his view, conversion actually means 
conversion while under observation. This may 
further explain the variability in published rates 
of conversion from 5 to 54%. 2  ,  14  ,  21  ,  27  ,  40  ,  46  ,  48  ,  55  That 
is, in some samples, early presentation of the 
patient may be more common with an associated 
rate of conversion under observation. 26  The mean 
or median time to conversion has ranged from 2.9 
to 8 months 2  ,  17  ,  26  ,  40  ,  44  ,  55  For HCRVO, conversion 
from nonischemic to ischemic type has been 
reported to occur in 1% at 6 months and 2.2% at 
18 months. 24  

 Many clinical  fi ndings, ancillary tests, and 
laboratory variables have been examined to deter-
mine if converters differ from nonconvert-
ers. 13  ,  14  ,  26  ,  49  In the CVOS, three baseline factors 
were predictive of conversion from nonischemic 
to ischemic CRVO – duration of CRVO less than 
1 month, baseline VA less than 20/200, and pres-
ence of  fi ve to nine DAs of capillary nonperfu-
sion at baseline. 49  In the observation arm of the 
SCORE CRVO study, the rate of conversion from 
nonischemic to ischemic CRVO was 10% and 
21% at 12 and 24 months, respectively, based on 
a de fi nition of ischemic as greater than 10 DAs of 
capillary nonperfusion. 8  In one study, converters 
were older, and the proportion of patients under 
age 45 was smaller in the converters compared to 
the nonconverters. 26  In another clinic-based, pro-
spective study using a different de fi nition of isch-
emia, the independent prognostic factors were 
male sex, increasing number of clinical risk fac-
tors (such as hypertension, hyperlipidemia, dia-
betes, and primary open-angle glaucoma), 
increasing erythrocyte aggregation index, and 
baseline extent of retinal capillary nonperfusion 
(greater extent associated with higher risk of fur-
ther ischemia). 14  In other studies, factors that 
have been associated with conversion include 
more severe macular edema and more severe 
intraretinal hemorrhage 2  ,  13  ,  40  Factors found not to 
be predictive include gender, hypertension, isch-
emic heart disease, diabetes, and cerebrovascular 
disease. 26  These results have not been reproduc-
ible across studies, and some studies have found 
no predictive factors. 44  
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 Central retinal venous blood  fl ow velocity as 
determined by color Doppler imaging is lower in 
ischemic CRVO than in nonischemic CRVO (see 
Chap.   8    ). 54  In contrast, central retinal artery blood 
 fl ow velocity is reduced in patients with CRVO, 
but not to a greater degree in those judged isch-
emic compared to those judged nonischemic. 54  

 In a case-control study, patients with nonisch-
emic CRVO had higher prothrombin fragment 
1.2 and factor VII:C levels than patients with 
ischemic CRVO; they also had lower heparin 
cofactor II levels. 3  In a case series, the proportion 
of patients with anemia was higher in those 
patients with ischemic CRVO(12 of 143, 8.4%) 
than in those with nonischemic CRVO (11 of 469, 
2.3%). 25  In a case-control study, the proportion 
of patients with elevated erythrocyte aggregation 
was higher in converters than nonconverters. 13  

 The lack of reproducibility of predictive fac-
tors for conversion and the wide variation in 
de fi nitions of ischemia suggest the absence of a 
clear risk pro fi le for conversion. Therefore, clini-
cal prudence suggests that all patients with CRVO 
be followed as though they were at risk for con-
version to ischemia. Even eyes categorized 
de fi nitively at baseline as nonischemic should be 
carefully monitored, because of the large fraction 
that will convert to ischemic status during 
follow-up. 49  

 CRVO and HCRVO were pooled in a study by 
Hayreh et al. because the two groups did not dif-
fer when associations with systemic diseases 
were compared (see Chap.   6    ). 25  There were no 
signi fi cant differences in the prevalence of sys-
temic associations between patients who con-
verted from nonischemia to ischemia and vice 
versa. 25  

 Although less common, it is possible for an 
ischemic CRVO to convert to a nonischemic 
CRVO. 4  In these cases, initially elevated aqueous 
VEGF levels have been documented to fall 
spontaneously. 4  

 Although the proportion of eyes that develop 
ASNV is higher in ischemic than nonischemic 
CRVO, there are many ischemic eyes that do not 
progress to ASNV. For this reason, prophylactic 
laser panretinal photocoagulation (PRP) is not 

recommended. Rather, PRP is held in reserve 
until ASNV develops (see Chap.   13    ). 49   

    9.3.3   Outcomes by Ischemic Status 

 The VA outcomes in ischemic CRVO are largely 
independent of presence or absence of ME. The 
important factor is the death of macular ganglion 
cells. 26  On the other hand, in nonischemic CRVO, 
the VA outcome depends on whether or not ME is 
present (see Chap.   12    ). 26  

 The probability of a VA improvement of three 
or more Snellen lines over 2–5 years of follow-up 
is approximately three times greater for nonisch-
emic than for ischemic CRVO. 26  The change in 
visual  fi eld and change in VA generally track 
together in cases of nonischemic CRVO. 26  

 Considering ischemia as a continuous vari-
able, the extent of capillary nonperfusion corre-
lates with the proportion of eyes developing 
NVI. 48  In accord with that correlation, the inci-
dence of neovascular glaucoma in nonischemic 
CRVO is 1%, but in ischemic, CRVO is 60%. 35    

    9.4   Interaction of Ischemia 
with Effects of Treatments 

    9.4.1   Branch Retinal Vein Occlusion 

 Grid laser for BRVO with ME in the presence of 
macular ischemia was ineffective in improving 
VA, although ME was reduced. 47  Greater macular 
ischemia was associated with ineffectiveness of 
intravitreal triamcinolone injection (IVTI) for 
BRVO with ME. 42  The ef fi cacy of intravitreal 
bevacizumab injections (IVBI) for the treatment 
of BRVO with ME did not depend on macular 
perfusion status in one study. 30  In another study, 
the visual prognosis was worse in cases with mac-
ular ischemia. 9  In a study of vitrectomy and inter-
nal limiting membrane peeling for BRVO with 
ME, ischemic status had no effect on outcome. 36   

http://dx.doi.org/10.1007/978-1-4614-3439-9_8
http://dx.doi.org/10.1007/978-1-4614-3439-9_6
http://dx.doi.org/10.1007/978-1-4614-3439-9_13
http://dx.doi.org/10.1007/978-1-4614-3439-9_12
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    9.4.2   Central Retinal Vein Occlusion 

 Inconclusive evidence suggests that isovolemic 
hemodilution is more effective for ischemic 
CRVO than for nonischemic CRVO. 15  The effect 
of posterior subtenons triamcinolone injection 
for CRVO with ME did not depend on ischemic 
status in one study, but VA changes did, with 

improved outcomes only found in the nonisch-
emic group. 33  Ischemic status had no effect on 
macular thickness or visual acuity outcomes in a 
prospective randomized trial of IVTI, but the 
study was too small to exclude a small effect. 45  
The bene fi t of IVBI on CRVO with ME was unaf-
fected by ischemia, but counterexamples exist 
(Fig.  9.6 ). 43  The effect of intravitreal tissue plas-

  Fig. 9.6    Fundus    images of a 53-year-old man with dia-
betes and hypertension who developed an ischemic cen-
tral retinal vein occlusion (CRVO) of the right eye. ( a ) 
Color fundus photograph of the right eye showing a 
chronic, ischemic CRVO.  Yellow  exudates are present in 
the inferior hemimacula (the  black arrow ). A partial annu-
lus of retinal pigment epithelial atrophy surrounds the 
fovea (the  green arrow ) indicating the long-standing 
nature of the macular edema. ( b ) Frame from the mid-
phase  fl uorescein angiogram (FA). The inferior hemimac-
ula shows worse ischemia (the  yellow oval ) than the 
superior hemimacula (the  green oval ). The parafoveal 

pigment epithelial atrophy produces window-type 
hyper fl uorescence around the fovea (the  turquoise arrow ). 
( c ) Frame from the late-phase FA showing more 
 fl uorescein leakage in the superior hemimacula (the  green 
oval ) than the inferior, more ischemic hemimacula (the 
 yellow oval ). ( d ) Spectral domain OCT image showing 
massive macular edema (ME). The central sub fi eld mean 
thickness is 1,119  m . The visual acuity (VA) was counting 
 fi ngers. ( e ) After one intravitreal injection of bevaci-
zumab, the ME has resolved, but the VA remains counting 
 fi ngers, exemplifying the interaction of ischemia with 
treatment ef fi cacy       
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minogen activator injection on visual outcome 
associated with CRVO is speculative in the 
absence of controlled studies, but in one uncon-
trolled case series, a more bene fi cial effect 
seemed to be present in nonischemic CRVOs 
than ischemic CRVOs. 12  In a study of vitrectomy 
and internal limiting membrane peeling for 
CRVO with ME, ischemic status had no effect on 
outcome. 36     

    9.5   Summary of Key Points 

    De fi nitions of ischemia in RVO vary widely.  • 
  Approximately 15% of eyes with BRVO are • 
ischemic, but estimates vary widely.  
  The greater the area of ischemia and the higher • 
the level of VEGF, the higher the probability that 
an eye will develop NVD or NVE after BRVO.  
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  Macular edema in ischemic BRVO tends to • 
spontaneously resolve, leaving retinal thin-
ning and atrophy shown by OCT.  
  Approximately 15% of BRVOs convert from • 
nonischemic to ischemic over 12–24 months 
of follow-up.  
  Approximately 25% of CRVOs are ischemic, • 
but estimates vary widely.  
  The greater the area of ischemia and the higher • 
the level of VEGF in CRVO, the higher the 
probability that an eye will develop NVI after 
CRVO.  
  Approximately one-third of nonischemic CRVOs • 
become ischemic over 3 years of follow-up.  
  In ischemic CRVO, NVE develops in approxi-• 
mately 10%, NVD in 20%, NVI in 70%, and 
NVG in 50%.  
  In CRVO of less than 1 month’s duration, the • 
visual acuity estimates well the ischemic sta-
tus. A visual acuity of 20/200 or less is highly 
correlated with ischemia.  
  A good index of ischemia for CRVO of any • 
duration is the RAPD. An RAPD of greater than 
0.9 log units is highly correlated with ischemia.  
  Close follow-up of all patients after CRVO is • 
advisable given the uncertainties of assessing 
ischemia.  
  Ischemia variably in fl uences the ef fi cacy of • 
treatments for RVO.         
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 The correlation of retinal ischemia with posterior 
segment neovascularization (PSNV) and anterior 
segment neovascularization (ASNV) in retinal 
vein occlusion led to the hypothesis of a diffus-
ible factor arising from ischemic retina as the 
cause of the complication. 3  ,  26  Vascular endothe-
lial growth factor (VEGF) was subsequently dis-
covered to be that mediator (see Chap.   2    ). 28  In 
this chapter, we focus on the clinical manifesta-
tions of PSNV in retinal vein occlusion (RVO). 
Chapter   11     takes the same approach for ASNV. 
Chapter   13     covers treatment of these complica-
tions. By de fi nition, all RVOs covered in this 
chapter and Chap.   11     are ischemic, because 
intraocular neovascularization developed second-
arily (see Chap.   9    ). Table  10.1  lists the abbrevia-
tions found in this chapter. Each abbreviation will 
be spelled out at its  fi rst occurrence.  

    10.1   Branch Retinal Vein Occlusion 

 In the Beaver Dam Eye Study (BDES) and Blue 
Mountains Eye Study (BMES), retinal new vessels 
were found in 9.7% and 7.3% of cases of BRVO, 
respectively 13  ,  22  In the BDES, 61 eyes suffered inci-
dent BRVO during 15 years of follow-up. Of these, 
three (5%) developed retinal neovascularization. 14  
In the Branch Vein Occlusion Study (BVOS), reti-
nal neovascularization occurred in 36% of eyes 
with an area of capillary nonperfusion exceeding 
 fi ve disc diameters (DD). 3  In case series, much 

higher frequencies of PSNV have been reported, 
probably re fl ecting the bias that only symptomatic 
BRVOs present for care. 22  In case series, PSNV has 
been reported in 24–40% of cases. 2  ,  8  -  10  ,  17  ,  21  ,  26  In a 
clinic-based study, PSNV occurred in no cases of 
macular BRVO. 9  For clinicians, a simple rule to 
remember is that approximately one-quarter of 
BRVOs develop PSNV. Neovascularization else-
where (NVE) (Fig.  10.1 ) is more common than 
neovascularization of the disc (NVD) (Fig.  10.2 ). 
Of eyes developing new vessels after BRVO, 71% 
develop NVE alone, 19% NVE and NVD together, 
and 10% NVD alone. 26    

 The proportion of eyes that develop posterior 
segment neovascularization depends on the status 

    Chapter  10 
   Posterior Segment Neovascularization 
in Retinal Vein Occlusion       

              

   Table 10.1    Abbreviations used in posterior segment 
neovascularization and retinal vein occlusion   

 Abbreviation  Term 

 ASNV  Anterior segment neovascularization 
 BDES  Beaver dam eye study 
 BMES  Blue mountains eye study 
 BRVO  Branch retinal vein occlusion 
 CRVO  Central retinal vein occlusion 
 DD  Disc diameter 
 FA  Fluorescein angiogram 
 HCRVO  Hemicentral retinal vein occlusion 
 PSNV  Posterior segment neovascularization 
 PVD  Posterior vitreous detachment 
 RVO  Retinal vein occlusion 
 SCORE  Standard care versus corticosteroid 

for retinal vein occlusion 
 VEGF  Vascular endothelial growth factor 
 VH  Vitreous hemorrhage 

http://dx.doi.org/10.1007/978-1-4614-3439-9_2
http://dx.doi.org/10.1007/978-1-4614-3439-9_11
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of the vitreous. 1  In a case series of 18 ischemic 
BRVOs, 6 had total posterior vitreous detachment 
(PVD) and 12 did not. The proportion of total 
PVD cases that developed posterior segment neo-
vascularization was 17% compared to 58% for 
the non-total PVD cases ( P  < 0.05). 1  The status of 
the vitreous may explain why many eyes with 
ischemic BRVO do not develop NV. 12  ,  20  

 Vitreous hemorrhage (VH) develops in approx-
imately 7% of cases of BRVO, in most cases from 
PSNV (Figs.  10.1  and  10.3 ). 27  Sixty to ninety per-
cent of eyes with BRVO and untreated NVE or 
NVD will experience recurrent vitreous hemor-
rhage. 3  ,  8  Sector PRP after development of NVE or 
NVD reduces that proportion to 30% (see Chap. 
  13    ). 3  If NVE or NVD is present, duration of the 
BRVO in fl uences the risk of VH. A shorter dura-
tion increases the risk. 3  In the Standard Care 
Versus Corticosteroid for Retinal Vein Occlusion 
(SCORE) BRVO trial, the 36-month incidences of 
NVD with VH or NVE with VH were 5.8% and 
3.8%, respectively. 5  The incidence of NVD or 
NVE was not affected by treatment with intravit-
real triamcinolone. 5  New vessels tend to grow at 
the border zone between ischemic retina and 

 normal retina (Figs.  10.1  and  10.2 ). On  fl uorescein 
angiogram (FA), new vessels leak  fl uorescein, in 
contrast to retinal and disc collateral vessels (see 
Chap.   7    ) (Figs.  10.1  and  10.2 ).   

    10.2   Central Retinal Vein Occlusion 

 In the population-based BDES, 18 eyes suffered 
incident CRVO during 15 years of follow-up. Of 
these, three (17%) developed retinal neovascular-
ization. 14  PSNV develops less frequently after 
CRVO than BRVO. In case series, the proportion 
of eyes with CRVO that developed PSNV ranges 
from 10% to 26%, depending on the length of 
follow-up. 4  ,  6  ,  7  ,  9  ,  11  ,  15  ,  16  ,  19  ,  23  ,  24  ,  29  A simple rule to 
remember is that approximately one- fi fth of 
CRVOs develop PSNV. NVD is more common 
than NVE after CRVO. In two case series with a 
total of 168 cases of CRVO, the weighted aver-
ages for NVD and NVE were 22 and 4%, respec-
tively. 18  The proportions were similar whether an 
eye went on to develop NVG or not. 18  The rela-
tive infrequency of PSNV compared to ASNV 

  Fig. 10.1    A 57-year-old man with hypertension, type 2 
diabetes mellitus, hypercholesterolemia, and a previous 
history of smoking complained of  fl oaters in the right eye. 
Examination showed a superotemporal BRVO with pre-
retinal hemorrhage. ( a ) A montage color fundus photo-
graph shows an old superotemporal BRVO with a 
featureless interior sector (inside the  yellow polygon ), 
ghost vessels, tufts of neovascularization at the border of 

ischemic and normal retina (the  green arrows ), and a pre-
retinal hemorrhage (the  yellow arrow ). ( b ) Frame from 
the mid-phase  fl uorescein angiogram shows capillary 
nonperfusion within the  yellow polygon  and new vessels 
leaking  fl uorescein (the  green arrows ). ( c ) Frame from the 
late-phase  fl uorescein angiogram shows spreading 
hyper fl uorescence from the leaking new vessels. The pre-
retinal hemorrhage blocks  fl uorescence       

a b
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in cases of ischemic CRVO has been attributed to 
the relative absence of viable retinal capillary 
endothelial cells after ischemic CRVO. 4  

 Posterior segment neovascularization in 
CRVO is affected by the vitreous status (Fig.  10.4 ). 
Retinal and disc neovascularization occur only in 
ischemic CRVOs in which the posterior vitreous 
is attached. 11  In a case series of 52 ischemic 
CRVOs, 38 had total PVD and 14 did not. No 
patient with total PVD developed posterior seg-
ment neovascularization compared to 57% for 
the non-total PVD cases ( P  < 0.01). 11  Therefore, 
the vitreous scaffold is necessary for the neovas-
cularization to develop. Preexisting primary 

a

c

b

  Fig. 10.2    Fundus images of a 62-year-old female seen 
for a horseshoe retinal tear of the  left  eye and incidentally 
discovered to have a superotemporal branch retinal vein 
occlusion with neovascularization of the optic disc and 
the retina. ( a ) A montage fundus photograph shows the 
sheathed veins and ghost vein (the  blue arrow ) super-
otemporally. Tufts of retinal new vessels are present at the 
border of ischemic and perfused retina (the  turquoise 
arrows ). Elevated disc neovascularization is denoted by 

the  black arrow . ( b ) A frame from the mid-phase 
 fl uorescein angiogram shows the nonperfused vein (the 
 blue arrow ) and the hyper fl uorescent tufts of new vessels 
which emanate from border zone arterioles and the optic 
disc (the  yellow arrows ). ( c ) A frame from the late-phase 
 fl uorescein angiogram shows leakage of  fl uorescein from 
the new vessels (the  yellow arrows ). The patient was 
treated with sector laser panretinal photocoagulation       

Fig. 10.1 (continued)

c
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open-angle glaucoma is another risk factor for 
PSNV after CRVO. 7  Treatment of macular edema 
after CRVO with intravitreal triamcinolone injec-
tion does not affect the incidence of PSNV. 5   

 When PSNV occurs after CRVO, it typically 
occurs later than ASNV. In one series, the aver-
age time until onset of NVI was 4.3 months, but 

the average time until onset of PSNV was 
12 months. 23  PRP for NVI may successfully 
cause regression of the NVI, yet NVD or NVE 
may appear subsequently despite the PRP, thus 
continued monitoring is important. 23  

 In practice, it is common to detect preretinal 
or vitreous hemorrhage  fi rst and then to search 

  Fig. 10.3    Fundus images of a 68-year-old patient with 
hypertension, hypercholesterolemia, and a history of 
smoking who presented with sudden visual loss second-
ary to vitreous hemorrhage. ( a ) Fundus photograph of the 
right eye shows a  fi brovascular frond ( arrow ) and dis-
persed vitreous hemorrhage. The visual acuity was LP. No 
improvement was seen over 1 month of observation, 

therefore vitrectomy was performed. At surgery, a super-
otemporal branch retinal vein occlusion was evident with 
neovascularization of the retina. ( b ) Postoperative appear-
ance of the  right  eye showing the stumps of gliosis from 
which the neovascular fronds originated (the  black 
arrows ). The  green arrow  denotes venous sheathing       

a b

  Fig. 10.4    Fundus images of a patient with an ischemic 
central retinal vein occlusion of the right eye that devel-
oped neovascularization of the disc. ( a ) Baseline appear-
ance of the acute central retinal vein occlusion. ( b ) 
Follow-up fundus photograph 5 years later. The intrareti-

nal hemorrhages and venous dilation have resolved, but 
neovascularization of the disc is evident (the  black arrow ). 
In addition, a  fi brovascular membrane extends from the 
disc surface to the back of the adherent posterior hyaloid 
face (the  blue arrow )       
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for and  fi nd the responsible retinal neovascular-
ization subsequently (Fig.  10.5 ). For example, in 
the SCORE CRVO study, the 36-month inci-
dences of PSNV and VH were 3.6% and 7.6%, 
respectively. 5    

    10.3   Hemicentral Retinal Vein 
Occlusion 

 Posterior segment neovascularization is more 
common in ischemic HCRVO than ASNV, unlike 
CRVO (Fig.  10.6 ). However, patients with 
HCRVO develop PSNV at a lower rate than 
patients with BRVO and at a rate more compara-
ble to that after CRVO. 26  Over a mean follow-up 
of 21 months, 11% (12 of 106 eyes) with HCRVO 
developed NVD and 9% (10 of 106) developed 
NVE. 25  In another series, NVE developed in 24% 
and NVD in 17% of cases. 10  Therefore, the con-
sensus is that NVE and NVD after HCRVO occur 
with similar frequency. Although most eyes that 
develop NVD and NVE after HCRVO do so 

  Fig. 10.5    A 66-year-old woman with hypertension and a 
smoking habit suddenly lost vision in the right eye. A 
CRVO was found that reduced visual acuity to counting 
 fi ngers. She was periodically observed without recovery 
of vision or development of neovascularization for 3 years. 
She then returned with further loss of vision to light per-
ception and was found to have a dense vitreous hemor-
rhage. Ultrasonography showed no retinal detachment. 
The ultrasound image shows a hyperre fl ective detached 
posterior hyaloid face (the  green arrows ) with  fi nely 
grained echoes in the liquid vitreous posterior to the 
detached hyaloid (the  yellow oval ). After a period of 
1 year of observation with no clearing, she had a vitrec-
tomy, but vision did not improve due to severe retinal 
ischemia       

  Fig. 10.6    Fundus images of a 64-year-old man with 
hypertension and diabetes who developed a superior 
hemicentral retinal vein occlusion with subsequent neo-
vascularization of the disc. ( a ) Color fundus photograph 
of the left eye at the baseline visit. Intraretinal hemor-
rhages are present in the superior half of the fundus. ( b ) 
Frame from the arteriovenous phase of the  fl uorescein 
angiogram taken at the baseline visit showing good capil-
lary perfusion (the  yellow oval ). ( c ) Color fundus photo-

graph 4 years later. A tuft of neovascularization is present 
on the optic disc (the  black arrow ). ( d ) Frame from the 
arteriovenous phase  fl uorescein angiogram taken 4 years 
after the baseline visit demonstrating conversion to an 
ischemic hemicentral retinal vein occlusion. The area 
 encircled  in the  yellow oval  has no capillary perfusion and 
a new intraretinal shunt vessel (the  turquoise arrow ) tra-
verses the ischemic zone. The tuft of new vessels on the 
optic disc leaks  fl uorescein       
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within 12 months, some PSNV occurs as late as 
54 months after diagnosis, implying the need for 
long-term monitoring of such patients. 25    

    10.4   Treatment of Posterior 
Segment Neovascularization 
in Retinal Vein Occlusion 

 The treatment for all forms of PSNV is scatter 
laser photocoagulation to the ischemic zones. 26  
Treatment is generally not applied prophylacti-
cally for ischemia alone, but only if PSNV devel-
ops. Intravitreal injection of anti-VEGF drugs is 
also ef fi cacious in all forms of posterior segment 
neovascularization, but has the disadvantage of 
requiring repetitive treatments. More detail is 
available in Chap.   13    .  

    10.5   Summary of Key Points 

    PSNV occurs after ischemic, but not nonisch-• 
emic, RVO.  
  In a clinic setting, approximately one-quarter • 
of BRVOs develop PSNV.  
  In BRVO, NVE is more common than NVD.  • 

  PSNV does not occur after macular BRVO.  • 
  An attached posterior vitreous is a risk factor • 
for PSNV after BRVO.  
  Approximately three-quarters of eyes with • 
PSNV after BRVO will develop vitreous hem-
orrhage if left untreated.  
  In a clinic setting, approximately one- fi fth of • 
eyes develop PSNV after CRVO.  
  After ischemic CRVO, NVD is more common • 
than NVE.  
  A necessary condition for PSNV after CRVO • 
is an attached posterior vitreous.  
  NVD and NVE occur with similar frequency • 
after HCRVO – approximately 15% of cases.  
  Treatment of PSNV involves laser panretinal • 
photocoagulation, which is not applied pro-
phylactically for ischemia, but rather after 
neovascularization develops.         
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 Anterior segment neovascularization, like poste-
rior segment neovascularization, is a conse-
quence of retinal ischemia mediated by increased 
intraocular levels of vascular endothelial growth 
factor (VEGF). It differs in that it generally 
requires higher levels of VEGF to induce ante-
rior segment neovascularization than to induce 
posterior segment neovascularization. Because 
levels of VEGF correlate with area of retinal 
ischemia, it is rare for anterior segment neovas-
cularization (ASNV) to arise after branch retinal 
vein occlusion (BRVO). It can be seen occasion-
ally after hemispheric BRVO, but is never seen 
after macular BRVO. Therefore, this chapter 
mostly concerns central retinal vein occlusion 
(CRVO). Abbreviations commonly used in dis-
cussing ASNV are listed in Table  11.1 . Each abbre-
viation will be spelled out at its  fi rst occurrence.  

    11.1   The Pathoanatomy and 
Pathophysiology of Iris and 
Angle Neovascularization 

 The normal iris and angle structures are shown in 
Fig.  11.1 . The iris has zones denoted as the pupil-
lary margin, the collarette, the ciliary zone, and 
the iris root. The iris vascular endothelium is non-
fenestrated with tight junctions which comprise 
part of the blood-aqueous barrier. Fluorescein 
does not typically leak across the endothelium of 

iris vessels, but often does in the elderly, in pseu-
doexfoliation, and in in fl amed eyes. 49  ,  50   

 The innermost angle structure is the trabecular 
meshwork, which bridges between the peripheral 
cornea (Schwalbe’s line) and the scleral spur. 
Aqueous percolates through the meshwork as it 
leaves the avnterior chamber and then reaches 
Schlemm’s canal, a circumferential channel that 
rests against the sclera. Aqueous leaves this canal 
through collector channels that carry it back into 
the bloodstream via aqueous veins, with a smaller 
amount leaving by a transconjunctival route. 
Aqueous also leaves the eye by a non-trabecular 

    Chapter  11 
   Anterior Segment Neovascularization 
in Retinal Vein Occlusion       

              

   Table 11.1    Abbreviations used in anterior segment neo-
vascularization in retinal vein occlusion   

 Abbreviation  Term 

 ASNV  Anterior segment 
neovascularization 

 BRVO  Branch retinal vein occlusion 
 CRVO  Central retinal vein occlusion 
 CVOS  Central vein occlusion study 
 DA  Disc area 
 FA  Fluorescein angiography 
 HCRVO  Hemicentral retinal vein occlusion 
 NLP  No light perception 
 NVA  Neovascularization of the angle 
 NVG  Neovascular glaucoma 
 NVI  Neovascularization of the iris 
 POAG  Primary open-angle glaucoma 
 PRP  Panretinal photocoagulation 
 RVO  Retinal vein occlusion 
 SCORE  Standard care versus corticosteroid 

for retinal vein occlusion 
 VEGF  Vascular endothelial growth factor 
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out fl ow pathway, primarily through the iris and 
the portion of the ciliary body that faces the ante-
rior chamber. 

 Neovascularization occurring anterior to the 
retina in RVO arises secondary to retinal isch-
emia. Retinal ischemia induces production of 
VEGF in the retina, which diffuses into the vit-
reous gel and ultimately into the aqueous humor 
(see Chap.   2    ). Other growth factors may also be 
involved. Bathing the anterior and posterior 
surfaces of the iris and the anterior chamber 
angle, VEGF induces neovascularization in all 
these tissues with secondary scarring, synechiae 
formation, hemorrhage, obstruction of aqueous 
out fl ow, elevated intraocular pressure, and 
eventually, ciliary body detachment and hypot-
ony with phthisis bulbi. 65  ,  68  ,  73  Antibodies to 
VEGF can block this cascade of events (see 
Chap.   13    ). 1  ,  5  ,  15  

 The most important factor determining whether 
ASNV develops in association with RVO is the 
concentration of VEGF in the aqueous humor. 75  
Vitreous levels of VEGF are signi fi cantly corre-
lated with the severity of ischemia, and VEGF dif-
fuses from the posterior chamber to the anterior 
chamber. 2  ,  3  ,  21  ,  48  ,  73  VEGF in amounts comparable to 
those measured in human eyes with ASNV is 
suf fi cient to produce ASNV in a simian model. 74  
ASNV requires the continued presence of VEGF 
to persist. 74  Thus, VEGF is both necessary and 
suf fi cient to produce ASNV. 1  Other cytokines, 
such as basic  fi broblast growth factor, may play a 
subsidiary role. 64  The clinical correlate of elevated 
VEGF is area of capillary nonperfusion. Eyes 
with increasing ischemia have an increased risk of 
ASNV. 39  ,  41  ,  50  

 A primate model of NVI after multiple BRVO 
has provided insight into the pathologic stages in 

Cornea

Anterior chamber

Posterior chamber

Lens

Ciliary processes

Trabecular meshwork
Schlemm’s canal
Collector channel
Aqueous vein

Episcleral vein

Anterior ciliary
artery

Conjunctiva

Sclera

Ciliary muscles

  Fig. 11.1    Anatomy of the iris and anterior chamber angle 
showing the vascular supply and the structures through 
which aqueous humor passes (the  thick black arrows ) in 

its route through the eye (Reproduced with permission 
from Browning 10  )        
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NVI. Early on, iris vessels dilate and intense uptake 
of tritiated thymidine is observed in vascular 
endothelial cells. Following this, NVI, peripheral 
anterior synechiae, ectropion uvea, and elevated 
intraocular pressure develop. Lastly, a neovascular 
membrane covers the iris with anterior migration 
of iris stromal cells. 52  Neovascularization of the 
iris is associated with a myo fi broblastic membrane 
on the iris surface that effaces iris surface crypts 
and contraction furrows and produces the trac-
tional forces leading to ectropion uvea and angle 
synechia. 22  The new vessels lie beneath this 
myo fi broblastic membrane (Figs.  11.2  and  11.3 ). 35  
Although the new vessels predominantly grow on 
the anterior iris surface, cases have been reported 
in which they grow on the posterior surface and on 

the surface of the ciliary body. 4  ,  61  They also can 
grow over the pupil and adhere to the lens (seclu-
sio pupillae). 22  Untreated cases of NVI often prog-
ress to hyphema. 22    

 The pathophysiology of ASNV in turn leads 
to an explanation of how treatment has bene fi cial 
effects. The photoreceptor-retinal pigment epi-
thelial complex consumes two-thirds of the oxy-
gen used by the retina. Laser photocoagulation 
selectively destroys the retinal pigment epithe-
lium and photoreceptor layers, thus decreasing 
oxygen consumption of the outer retina and 
allowing more choroidal oxygen to diffuse to the 
remaining, viable inner retina. 80  This downregu-
lates the production of VEGF and leads to regres-
sion of ASNV. 2   

  Fig. 11.2    A myo fi broblastic 
membrane ( black arrow ) is 
present on the iris surface with 
subjacent iris new vessels. 
Ectropion uvea is indicated by 
the  open arrow  (Reprinted 
from Roth and Brown 58  )        

  Fig. 11.3    Anterior synechia 
secondary to neovasculariza-
tion of the iris causing 
effacement of the anterior 
chamber angle (Reprinted 
from Roth and Brown 58  )        
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    11.2   Clinical Picture of Anterior 
Segment Neovascularization 

 Anterior segment neovascularization (ASNV) is 
comprised of neovascularization of the iris (NVI), 
also called rubeosis iridis, and neovascularization 
of the angle (NVA). 22  Whereas normal iris vessels 
follow a regular radial path, iris new vessels are 
tortuous and irregular. 22  ASNV starts separately at 
the pupillary margin and the iris base. In CRVO, it 
is detectable  fi rst at the pupillary margin (in 
approximately 88% of cases) and later at the iris 
base or in the angle. 55  However, in approximately 
12% of cases, NVA precedes NVI after ischemic 
CRVO. 11  With further growth, a network develops 
that connects the two initiating regions of NVI. 22  
Eventually, a vascular membrane develops that 
causes peripheral anterior synechiae and ectropion 
uvea. 22  Iris new vessels have thin walls in compari-
son to the thicker walls of normal iris veins. In 
severe cases, a vascular membrane covers the pupil 
producing seclusion pupillae. 22  

 The frequency of detection of ASNV depends 
on the method used. Slit lamp biomicroscopy is 
the least sensitive, iris and angle  fl uorescein 
angiography are more sensitive, and histopatho-
logical examination of surgical specimens or 
postmortem tissue is the most sensitive. 22  Dilation 
of the pupil makes detection of NVI more dif fi cult 
(Figs.  11.4  and  11.5 ). 9  ,  69  Nonspeci fi c  fl uorescein 
leakage on iris  fl uorescein angiography can be 
seen in the elderly, but can be distinguished from 
the more prominent leakage associated with 
NVI. 46    

 Clinical detection of NVI is clouded by the 
dif fi culty of distinguishing dilated normal iris 
vessels from NVI. Eyes with in fl ammation can 
have dilated iris vessels that may masquerade as 
NVI. Iris neovascularization must also be distin-
guished from iris vascular tufts which are located 
along the pupillary margin and do not occur on 
the surface of the iris stroma or in the angle. 13  ,  14  
Iris vascular tufts have been associated with 
aging, diabetes, myotonic dystrophy, and rarely 
RVO (Fig.  11.6 ). 49   

 Iris color in fl uences the ease of detection of 
NVI. 54  Clinical detection at the slit lamp is easier 

in a light-colored iris. 22  Subtle NVI may be 
dif fi cult to discern in a dark-colored iris. 45  Red-
free light may make detection of the red NVI 
easier. 16  In dif fi cult cases, iris  fl uorescein angiog-
raphy and gonioangiography can make detection 
of NVI and NVA easier. 24  ,  53  Iris  fl uorescein 
angiography is more sensitive than slit lamp bio-
microscopy in the detection of NVI and NVA, but 
is also less speci fi c. 6  ,  53  ,  59  Dilated iris vessels in 
eyes with iritis, normal iris vessels in older 
patients, and eyes of diabetics with retinopathy, 
but no NVI, can leak  fl uorescein on angiography 
just as does NVI. Therefore, iris  fl uorescein 
angiography is not always a reliable method for 
distinguishing NVI and NVA. 34  ,  37  ,  77  ,  78  

 Figures  11.7 ,  11.8  and  11.9  show standards 
useful in interpreting iris  fl uorescein angiograms.     

  Fig. 11.4    In the undilated state, NVI is shown 
( arrowhead )       

  Fig. 11.5    In the dilated state, the NVI cannot be 
detected       
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    11.3   Classi fi cation of Anterior 
Segment Neovascularization 

 Several classi fi cation schemes for NVI have been 
proposed, and none is accepted by the majority of 
clinicians (Table  11.2 ). 7  ,  24  ,  66  ,  67  There are also dif-
ferent classi fi cation schemes for the clinical and 
histopathologic stages of NVA (Table  11.3  and 

Fig.  11.10 ). 38  ,  51  ,  53  The purpose of these schemes 
is to attempt to provide a prognosis for visual 
outcome. 53  ,  67  They differ not only in conception 
but also in the method used for detecting NVI 
and NVA. Although standardized classi fi cations 
have attraction to researchers, the relative uncom-
monness of NVI makes the ability to recall 
details of any system dif fi cult for the clinician, 
and the author favors a method of straightforward 

a b c

d e

  Fig. 11.6    Images    from an eye mistakenly thought to 
have iris neovascularization but having an iris vascular 
hamartoma instead. This 71-year-old man woke up with 
blurred vision in the left eye and was found to have visual 
acuity of 20/50 of the left eye, an intraocular pressure of 
38, and a hyphema. The patient’s ophthalmologist thought 
that neovascularization was present at 8 o’clock on the 
pupillary margin and made a provisional diagnosis of 
ischemic ocular syndrome. A carotid Doppler study was 
scheduled, and the patient was referred to the author for 
panretinal photocoagulation. There was no evidence 
of ischemic ocular syndrome. Rather, the lesion at the 8 
o’clock pupillary margin was an iris vascular hamar-
toma which had bled spontaneously. ( a ) Slit lamp pho-
tograph showing a mulberry-type red lesion at the 
pupillary margin (the  black arrow ). ( b ) Magni fi ed slit 

lamp photograph of the iris vascular hamartoma ( blue 
oval ). Neovascularization of the iris associated with isch-
emic retinopathies is  fl at and forms an irregular, lacy net-
work on the surface of the iris, not a discrete, elevated 
lesion. ( c ) The fundus photograph of this eye showed no 
ischemic signs. An insigni fi cant and unrelated epiretinal 
membrane is present (the  black arrow ). ( d ) A frame from 
the early-phase  fl uorescein angiogram (25 s) shows nor-
mal arterial  fi lling. ( e ) A frame from the mid-phase 
 fl uorescein angiogram (34 s) shows normal venous  fi lling. 
The carotid Doppler study was normal. The hyphema 
cleared in a few days during which the intraocular pres-
sure was controlled with topical hypotensive drops. The 
patient was educated that occasional anterior chamber 
hemorrhages were a possibility and was advised to return 
if a similar episode reoccurred       
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description of pupillary margin and angle involve-
ment by neovascularization as being most practi-
cal (Figs.  11.11  and  11.12 ).       

    11.4   Anterior Segment 
Neovascularization in Branch 
Retinal Vein Occlusion 

 Anterior segment neovascularization is less com-
mon after ischemic BRVO than ischemic CRVO 
because the area of capillary nonperfusion is 
smaller. Nevertheless, ASNV can occur after 
BRVO. 12  In the Standard Care Versus Cortico-
steroid for Retinal Vein Occlusion (SCORE) 
BRVO study, the 36-month incidence of NVI and 
NVG were 0.3% and 2.2%, respectively. 12  In one 
large case series, NVI developed in 1.6% of cases 
of major BRVO. 25  NVA developed in 0.5% of 
cases of major BRVO. 25  Treatment with intravit-
real triamcinolone did not reduce the incidence 
of ASNV after BRVO in the SCORE BRVO 
study. 12   

  Fig. 11.7    Example of a normal iris  fl uorescein angio-
gram. No dye leakage is present, although in patients over 
the age of 50 years, a small amount of pupillary margin 
leakage of  fl uorescein can be considered normal (Reprinted 
with permission from Bandello et al. 7  )        

  Fig. 11.8    Example of nonproliferative diabetic iridopa-
thy. Dye leakage is prominent in the late phase, but neo-
vascularization is absent (Reprinted with permission from 
Bandello et al. 7  )        

  Fig. 11.9    Example of iris neovascularization present around 
the entire pupillary margin and at several places on the iris 
stroma (Reprinted with permission from Bandello et al. 7  )        
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a

b

  Fig. 11.10    Classi fi cation of neovascularization of the 
angle using  fl uorescein gonioangiography for detection. In 
grade  1 , dot proliferations are seen at the iris root. In grade 
 2 , a linear vessel arising from these dot proliferations rises 
at a perpendicular to the iris root to connect to the trabecu-
lar meshwork. In grade  3 , an arborization of the vessel over 
the surface of the trabecular meshwork is seen. In grade  4 , 
contracture of the neo fi bromyovascularization occurs with 
synechia (Redrawn from Ohnishi 53  )        

  Fig. 11.12    A 71-year-old man with diabetes mellitus and 
hypertension developed a CRVO of the left eye and NVI 
which did not regress despite laser PRP. At the time of this 
slit lamp photograph, the visual acuity was NLP, the 
intraocular pressure was 54, and he was comfortable. Note 
that NVI is in various stages of development in different 
regions of the iris. NVI typically begins at the pupillary 
margin (the  yellow arrows ) and iris base (the  black arrows ). 
The zone of iris stroma is usually uninvolved at an earlier 
stage (the  green oval ) but becomes involved later (the  blue 
oval ). Eventually, the  fi brovascular membrane on the sur-
face of the iris contracts, inducing ectropion uvea ( purple 
arrows , compare absence at  yellow arrows )       

  Fig. 11.11    Slit lamp images of an 88-year-old man with 
primary open-angle glaucoma who developed an ischemic 
central retinal vein occlusion that evolved to anterior seg-
ment neovascularization and neovascular glaucoma. The 
eye received intravitreal bevacizumab injection and laser 
panretinal photocoagulation but eventually lost all vision 
despite therapy. ( a ) The elevated intraocular pressure has 
led to corneal microcystic edema indicated by the irregu-
lar light re fl ex (the  black arrow ). The iris new vessels 
begin at the pupillary margin, next involve the angle (not 
shown) and eventually spread across the iris stroma (the 
 green arrow ), remaining densest near the pupillary mar-
gin. ( b ) The eye is in fl amed with injected conjunctiva (the 
 black arrow ) and posterior synechia to the lens capsule 
(the  blue arrow ). The mesh of neovascularization on the 
iris surface (the  turquoise arrow ) eventually will retract 
and cause ectropion uvea (not shown)       
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    11.5   Anterior Segment 
Neovascularization in Central 
Retinal Vein Occlusion 

 When ASNV follows ischemic CRVO, the extent 
of capillary nonperfusion is correlated with the 
level of aqueous VEGF. 19  ASNV develops when 
aqueous VEGF concentrations reach the range 
849–1,569 pg/ml. 9  The threshold for ASNV dis-
appearance after PRP is 378 pg/ml. 9  Therefore, a 
lower concentration of VEGF is necessary for 
maintenance than for induction of ASNV. 9  

 Anterior segment neovascularization develops 
only in the ischemic form of CRVO. 19  It has been 
reported to occur after 21–70%, median 33%, 
(Table  11.4 ) of cases of ischemic CRVO, a wide 
range re fl ecting the poor reproducibility in deter-
mining ischemia (see Chap.   8    ) and the various 
methods for detecting ASNV. 11  ,  17  ,  29  ,  30  ,  32  ,  46  ,  56  ,  83  When 
ASNV follows CRVO, it occurs at the pupillary 

margin in 44%, in the angle in 12%, and at both 
the pupillary margin and in the angle in 44%. 11  
Two studies showed that angle neovasculariza-
tion can develop before pupillary margin neovas-
cularization. 11  ,  72  Thus, undilated slit lamp 
examination and gonioscopy for the  fi rst 6 months 
are indicated in eyes with CRVO and signs of 
ischemia with lengthened follow-up after 
6 months passes and no evidence of ASN. 11  ,  72   

 The time course for development of ASNV has 
been documented in many studies (Fig.  11.13 ). In 
the Central Vein Occlusion Study (CVOS), the 
median time to development of ASNV was 61 days 
with a range of 6 days to 8 months. In a large case 
series from the Wills Eye Hospital, the time of 
onset of NVI after onset of CRVO was 2 weeks to 
2 years with a mean time to NVI of 5 months. 46  In 
a consecutive series of 12 cases developing NVI 
after acute CRVO, the median time to develop-
ment was 2 months, range 3 weeks to 7 months. 63  
In another study, 90% of ASNV developed within 

   Table 11.4    Reported percentages of central retinal vein occlusions ultimately developing anterior segment 
 neovascularization by ischemic status   

 Form of ASNV  Percentage of ischemic CRVOs 
developing this form of ASNV 

 Percentage of all CRVOs developing 
this form of ASNV 

 NVG  50 25         10 25     
 36 29   8 83  
 21 30   5 57  a  
 45 47   39 18  
 20 46  
 32 11  
 35 72  
 18 14  
 26 41  ,  50  

 NVA  60 25  ,  28   12 25  
 NVI  70 25  ,  28      14 25     

 21 30   20 42  
 20 46   16 71  
 32 11   11 57  a  
 57 32   51 18  
 45 47   21 63  
 21 30  
 32 11  
 34 71  
 28 22  
 35 71  

   ASNV  anterior segment neovascularization,  CRVO  central retinal vein occlusion,  NVG  neovascular glaucoma,  
NVI  neovascularization of the iris,  NVA  neovascularization of the angle 
  a Denotes a study of patients of age 54 years or less. Superscripts are references for cited percentages  

Median =    32%

Median =    32%

Median =    9%

Median =    18%

http://dx.doi.org/10.1007/978-1-4614-3439-9_8
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9 months of acute CRVO. 11  Approximately 75% 
of cases of the various forms of ocular neovascu-
larization following ischemic CRVO will develop 
by 3 months and 85% by 1 year, but the remainder 
may continue to develop over an additional 2 years. 
Thus, careful monitoring for ASNV is most criti-
cal in the  fi rst year after CRVO, but subsequent 
follow-up of predisposed eyes at less frequent 
intervals is also necessary. 23  ,  31   

 At all follow-up times, the order of frequency 
of the various manifestations of ASNV after isch-
emic CRVO is NVG < NVA < NVI (see Tables   9.2     
and  11.4 ). Thus, not every patient with ASNV 
goes on to develop NVG. The percentage of eyes 
with ASNV after CRVO not developing NVG has 
been reported to be 33% of all eyes with NVI 
and 22% to 25% of all eyes with either NVI 
or NVA. 18  ,  25  
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  Fig. 11.13    Kaplan–Meier plot of different types of ocular neovascularization developing after ischemic CRVO as 
de fi ned by Hayreh (Reproduced with permission from Hayreh 30  )        

  The    Problem of Undetected Anterior Segment Neovascularization After Central Retinal 
Vein Occlusion 

 It is recommended that patients have undilated slit lamp examinations and gonioscopy after 
CRVO to detect ASNV. 11,  22  Nevertheless, evidence suggests that perhaps two-thirds of ophthal-
mologists omit undilated slit lamp examination or gonioscopy after CRVO. 11  Experience in 
seeing patients with CRVO has little to do with actual management practice in following CRVO. 
Clinicians who see more patients with CRVO omit screening undilated slit lamp examination 
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 ASNV occurred in 35% of eyes categorized 
at baseline as ischemic or indeterminate and 
10% of eyes categorized as nonischemic using 
FA criteria alone. 46  Looked at from a different 
perspective, 49% of eyes with CRVO that pro-
gressed to NVI had a baseline FA classi fi ed as 
nonischemic, 31% as ischemic, and 20% as 
indeterminate. 46  Thus, a nonischemic categori-
zation of an eye with CRVO is not a basis for 
complacence on checking for subsequent 
ASNV. 71  Likewise, the risk of NVG in CRVOs 
classi fi ed as nonischemic at diagnosis was 1%. 
One infers that eyes classi fi ed as nonischemic 
CRVOs at baseline that later develop NVG had 
to have converted to ischemic CRVOs at some 
unobserved point. 47  Thirty-three percent of eyes 
beginning as nonischemic CRVOs that later 
convert to ischemic CRVOs eventually develop 
NVG. 29  

 Predicting development of NVI after CRVO 
has been the goal of many studies. 33  The relative 
afferent pupillary defect (RAPD) gives useful 
prognostic information throughout the disease 
course and is unin fl uenced by the degree of 
intraretinal hemorrhage. 25  In one series, no eye 
developed ASNV without a RAPD of 1.2 log 
units or greater. 62  The extent of capillary nonper-
fusion present on FA has also been useful, when 
the angiogram is interpretable. The greater the 
baseline area of capillary nonperfusion, the 
higher the risk of ASNV. 12  The risk of ASNV is 

16% when 11–29 disc areas (DAs) of capillary 
nonperfusion are present and 52% when 75 or 
more DAs of capillary nonperfusion are present. 70  
For eyes with CRVO of duration less than 
1 month, the baseline VA contains all the predic-
tive information relative to subsequent risk of 
ASNV. 71  For a doubling of the baseline visual 
angle, the risk of subsequent ASNV increases by 
a factor of 1.7. 71  

 Patients developing NVG generally

   Have a shorter duration of symptoms  • 
  Are older  • 
  Are more likely to have hypertension, diabe-• 
tes, atherosclerotic cardiovascular disease, 
and POAG  
  Are more likely to have moderate-to-severe • 
venous tortuosity  
  Are more likely to have a ratio of electroretin-• 
ogram b-wave amplitude in the involved eye 
to fellow eye less than 0.7 than patients not 
developing NVG, although there is some 
inconsistency across studies in these fac-
tors. 11  ,  18  ,  46  ,  63  ,  69  ,  71  ,  76  Patients developing ASNV 
have not been found to differ in systemic asso-
ciations compared to patients not developing 
ASNV. 36  ,  57     

 Iris  fl uorescein angiography has been exam-
ined as a predictor of later NVI. 43  Normal iris 
vessels become leaky after ischemic CRVO and 
before development of NVI. 40  The best predictor 

and gonioscopy as often as clinicians seeing few patients with CRVO. 11  The possible explana-
tions for this departure from preferred practice may be ignorance of the importance of these 
practices or  fi nancial disincentives. To examine a patient before dilation and then again after 
dilation interrupts the typical  fl ow of a patient especially in the clinic of a retina specialist, 
where many of the patients with CRVO are followed and probably represents an obstacle to 
realization of preferred practice. 11  

 The results of the SCORE CRVO and SCORE BRVO studies suggest that the problem is 
widespread. In the SCORE CRVO study, the 36-month incidences of NVI and NVG were 3.2% 
and 5.8%, respectively. That is, counterintuitively, more cases of NVG were found than cases 
of NVI, implying that NVI was undetected in some cases. Similarly, in the SCORE BRVO 
study, the 36-month incidences of NVI and NVG were 0.3% and 2.2%, respectively. Again, 
intuition suggests that one should  fi nd more cases of NVI than of NVG raising the question 
whether cases of NVI were missed. 13  
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from baseline iris FA was relative area of iris late 
 fl uorescein staining, but the speci fi city of the test 
was too poor, and few have adopted iris  fl uorescein 
angiography for this purpose. 43  

 Central retinal venous blood  fl ow velocity has 
been used to predict the later development of 
NVI. 82  In patients examined within 3 months of 
onset of CRVO, a cutoff point exists that detects 
later NVI with 76% sensitivity and 86% 
speci fi city. 82  Few clinicians have access to such 
technology, making its use for such a purpose 
unlikely in actual practice. 

 Associations of ASNV after CRVO with certain 
laboratory tests have also been found (Table  11.5 ). 
The result for factor VII is paradoxical to intuition, 
as factor VII is a procoagulant protein. The results 
for antithrombin III and TPA are intuitive as ATIII 
is an anticoagulant and TPA is pro fi brinolytic.  

 Presence of optic disc collateral vessels is pre-
dictive that ASNV will not develop. 20  Eyes devel-
oping ASNV were one twenty- fi fth as likely to 
have optic disc collateral vessels as eyes not 
developing ASNV. 20  Presumably, optic disc col-
laterals confer some protection against ischemia. 
A lesser protective factor against development of 
ASNV in one study was macular lipid. 11  The bio-
logical plausibility of this purported association 
is more suspect. 

 The prevalence of NVI after CRVO does not 
depend on the status of the vitreous. In a case 
series of 52 eyes with ischemic CRVO, 38 had a 
complete PVD and 14 did not. Of the 38 with 
complete PVD, 22% went on to develop NVI 
compared to 21% without complete PVD. 32  
Treatment of macular edema in CRVO with intra-
vitreal triamcinolone did not reduce the incidence 
of ASNV in the SCORE CRVO study. 12  

 Untreated eyes developing NVG after 
CRVO go on to blindness in 76% and 28% go 
on to phthisis bulbi. 23  Because a high propor-
tion of eyes developing ASNV go on to develop 
NVG, most clinicians treat all cases of ASNV 
after CRVO. 22  ,  71  A minority disagree with this 
approach on grounds that this commits some 
patients not destined to NVG to iatrogenic 
 fi eld loss from laser panretinal photocoagula-
tion (PRP). 25  ,  26  ,  43  ,  55  

 The standard treatment for anterior segment 
neovascularization is PRP. 9  ,  18  ,  45  ,  46  ,  72  Because 
ASNV can progress rapidly from the open-angle 
stage to the closed-angle stage, PRP should be 
applied promptly after diagnosis of ASNV. 23  ,  46  
When the view is inadequate, cryotherapy can be 
used, but is not the  fi rst choice because it is asso-
ciated with greater in fl ammation and more pain 
during treatment. For short-term regression of 
anterior segment neovascularization, intravitreal 
or intracameral injection of bevacizumab is effec-
tive and can cause rapid regression of new ves-
sels, reduction in intraocular pressure, and 
clearing of corneal edema, which can allow the 
more permanent measure of PRP to be applied 
successfully. 8  

 There is a good correlation between the effec-
tiveness of laser PRP in causing regression in 
NVI and in causing a reduction of the aqueous 
concentration of VEGF. 9  In one series, eyes with 
NVI following CRVO had a median aqueous 
VEGF concentration of 1,201 pg/ml. Following 
laser PRP with successful regression of NVI, 
the median aqueous VEGF concentration was 
204 pg/ml. Those with persistence of NVI despite 
laser PRP had median aqueous VEGF of 
1,295 pg/ml. 9  

   Table 11.5    Associations of laboratory abnormalities with anterior segment neovascularization after central retinal 
vein occlusion   

 Laboratory variable  Level in patients developing NVI  Level in patients not developing NVI   P  

 Factor VII (IU/dl)  95.7 ± 16.3  125.8 ± 20.8  0.005 
 Antithrombin (IU/dl)  92.8 ± 12.1  107.4 ±  9.9  0.04 
 TPA (ng/ml)  4.62 ± 2.0   7.25 ±  2.5  0.03 

  Data from Williamson 81  
  IU  international units,  DL  deciliters,  NG  nanograms,  ML  milliliter,  TPA  tissue plasminogen activator  
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    11.6   Anterior Segment 
Neovascularization in 
Hemicentral Retinal Vein 
Occlusion 

 In a retrospective study of 106 eyes of 104 
patients with HCRVO followed for a mean of 
21 months, 8.5% developed NVI and 2.8% devel-
oped NVG. 60  There was a positive correlation 
between the ischemic index and NVI and NVG. 
All cases of NVI occurred within 12 months of 
the diagnosis of HCRVO. 60  In a prospective case 
series, NVI developed in 1.9% of ischemic HCRVOs. 
NVA developed in 6.5% of ischemic HCRVOs. 25  
NVG developed “rarely”. 25  Hayreh reports having 
seen one case in his career. 25  However, not all reports 
agree that NVG is so rare after HCRVO. 27   

    11.7   Summary of Key Points 

    ASNV is a consequence of abnormally ele-• 
vated aqueous VEGF levels caused by retinal 
ischemia.  

  Levels of VEGF high enough to cause • 
ASNV do not occur after macular BRVO, 
occur rarely after major BRVO, uncom-
monly after HCRVO, and commonly after 
CRVO.  
  Clinical detection of ASNV is most sensitive • 
if the pupil is not dilated and if gonioscopy is 
performed.  
  NVI can be distinguished from iris vascular • 
hamartomas by morphology, location on the 
iris, and clinical context.  
  The risk of ASNV after CRVO increases as • 
the visual acuity decreases, the amplitude of 
the RAPD increases, and the area of capillary 
nonperfusion on FA increases.  
  Con fi dence in any single test or combination • 
of tests’ ability to predict later ASNV when 
the tests are done at the disease onset is low 
because the disease is dynamic and the studies 
have poor reproducibility in clinical practice. 
There is no substitute for frequent follow-up 
when clinical doubt exists regarding the 
classi fi cation of the CRVO.  
  Monitoring for ASNV after CRVO needs to • 
be most frequent in the  fi rst 6 months after 

 A minority of ophthalmologists apply PRP 
prophylactically after ischemic CRVO to prevent 
ASNV. 41  ,  45  ,  46  Because 65% of eyes categorized as 
ischemic or indeterminate never develop ASNV, 
and PRP causes loss of peripheral visual  fi eld, 
most ophthalmologists do not recommend pro-
phylactic PRP in this setting. 25  ,  43  ,  55  ,  71  

 Regression of anterior segment neovascular-
ization after panretinal ablation with laser or 

 cryotherapy has been reported in 23–85% of 
cases. 8  ,  9  The range of time between laser PRP and 
regression of NVI is 5–50 weeks with a median 
time of 23 weeks. 9  Neovascular glaucoma devel-
ops despite PRP in 1.6% of cases. Tube-shunt sur-
gery is necessary in such cases to restore the 
pressure to normal. Intravitreal bevacizumab can 
be useful preoperatively in such cases to reduce 
intraoperative bleeding. 8         

  Why Is Anterior Segment Neovascularization Less Common in Central Retinal Vein 
Occlusion Than in Central Retinal Artery Occlusion? 

 The incidence of iris neovascularization after ischemic central retinal vein occlusion is higher 
(32–70%) than the incidence after central retinal artery occlusion (18%). 11  ,  22  ,  30  ,  46  ,  47  ,  71  The cur-
rently accepted hypothesis to explain this difference is that central retinal artery occlusion 
produces cell death without ischemia and therefore less production of VEGF. VEGF can be 
produced by stressed, hypoxic retinal cells in CRVO but not by anoxic, dead cells in central 
retinal artery occlusion. 2  
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diagnosis with a tapering schedule of follow-
up thereafter.  
  Iris  fl uorescein angiography is more sensitive • 
than clinical examination for the detection of 
ASNV but is rarely used.  
  There are elaborate classi fi cation schemes for • 
ASNV distinguished by their lack of adoption 
in practice.  
  Not all cases of ASNV after CRVO progress • 
to NVG, but in the absence of treatment, most 
cases do progress. This is the basis for PRP 
when ASNV develops.  
  PRP after ischemic RVO with ASNV causes • 
reduction in intraocular levels of VEGF that 
parallels regression of the new vessels.  
  PRP is applied when ASNV appears, not pro-• 
phylactically. If follow-up is uncertain, PRP is 
occasionally applied in the setting of ischemic 
CRVO in the absence of ASNV.  
  Intravitreal injection of anti-VEGF drugs can • 
provide rapid, but temporary, regression of 
ASNV, allowing time to apply PRP for a more 
sustained effect.         
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 Macular edema (ME) is de fi ned as swelling from 
increased  fl uid in the macula. 3  ,  17  It is recognized 
by thickening that can be detected sensitively by 
optical coherence tomography (OCT) and, when 
more prominent, by slit lamp biomicroscopy. 10  It 
may be signaled by  fl uorescein leakage on late 
frames of  fl uorescein angiography (FA), but there 
are cases in which no  fl uorescein leakage is 
apparent (see Fig.   8.3    ). 

 There are two types of ME in retinal vein occlu-
sion (RVO) – vasogenic ME and cytotoxic ME (see 
Chap.   2    ). 8  ,  40  In vasogenic ME, the tissue is not 
necrotic, but the endothelial permeability is 
increased with transudation of vascular  fl uid into 
the extracellular space. In cytotoxic ME, tissue 
necrosis with intracellular edema occurs  fi rst, fol-
lowed by extracellular edema as the cell membranes 
break down and water is drawn into the enlarged 
and hypertonic extracellular space. Cytotoxic, or 
ischemic, ME often resolves spontaneously. 17  It is 
heralded by areas of macular capillary nonperfu-
sion. A broken foveal avascular zone border has a 
strong correlation with macular ischemia. 17  

 In a clinical sense, ME is recognized by thick-
ening appreciated on stereoscopic slit lamp bio-
microscopy with a fundus lens. Some de fi ne the 
term to mean at least one disc area (DA) of 
involvement and involvement of the fovea. 39  ,  43  
OCT-documented ME is often missed on clinical 
examination, especially when the macular thick-
ness is less than 300  m  with Stratus OCT. 7  ,  10  

 Chapters   1     and   2     covered the pathoanatomy 
and pathophysiology of ME in RVO. In this chap-
ter the emphasis is clinical. Cases are shown with 

examples of the range of  fi ndings commonly 
encountered along with comments correlating 
 fi ndings from relevant ancillary tests. Treatment 
of ME in RVO is covered in Chap.   13    . 
Abbreviations commonly used in the discussion 
of ME in RVO are listed in Table  12.1 . Each 
abbreviation is spelled out at its  fi rst occurrence.  

    Chapter  12 
   Macular Edema in Retinal Vein Occlusion       

              

   Table 12.1    Abbreviations used in macular edema asso-
ciated with retinal vein occlusion   

 Abbreviation  Term 

 BRVO  Branch retinal vein occlusion 
 CRVO  Central retinal vein occlusion 
 CSMT  Central sub fi eld mean thickness 
 CVOS  Central vein occlusion study 
 DA  Disc area 
 FA  Fluorescein angiogram 
 ICAM-1  Intercellular adhesion molecule-1 
 logMAR  Logarithm of the minimum angle of 

resolution 
 ME  Macular edema 
 ml  Milliliter 
  m   Micron 
 OCT  Optical coherence tomography 
 pg  Picogram 
 PVD  Posterior vitreous detachment 
 RVO  Retinal vein occlusion 
 SCORE  Standard care versus corticosteroid 

for retinal vein occlusion 
 sVEGFR-2  Soluble vascular endothelial growth 

factor receptor-2 
 SD-OCT  Spectral domain optical coherence 

tomography 
 VA  Visual acuity 
 VEGF  Vascular endothelial growth factor 
 VEGFR-2  Vascular endothelial growth factor 

receptor-2 

http://dx.doi.org/10.1007/978-1-4614-3439-9_8
http://dx.doi.org/10.1007/978-1-4614-3439-9_2
http://dx.doi.org/10.1007/978-1-4614-3439-9_1
http://dx.doi.org/10.1007/978-1-4614-3439-9_2
http://dx.doi.org/10.1007/978-1-4614-3439-9_13
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    12.1   Branch Retinal Vein Occlusion 
with Macular Edema 

 In human BRVO, intraocular levels of VEGF, 
interleukin 6, soluble VEGF receptor 2 
(sVEGFR-2), and soluble intercellular adhesion 
molecule-1 (sICAM-1) were correlated with the 
severity of ME in BRVO. 32  ,  35  -  37  The levels of 
VEGF in BRVO with ME were signi fi cantly 
higher than the serum levels. 32  Vitreous levels of 
VEGF vary widely in BRVO with ME from 
15.6 pg/ml to greater than 1,000 pg/ml, depend-
ing on the level of ischemia. 32  VEGF activates 
VEGFR-2, which causes decreased expression of 
occludin in tight junctions, and a breakdown in 
the blood–retina barrier. 32  ,  48  

 In a rat model of BRVO, numerous molecular 
changes were observed that could cause ME, 
including upregulation of VEGF, downregulation 
of inward rectifying K+ (Kir) 4.1 channels and 
aquaporin-1 and aquaporin-4, mislocation of the 
Kir 4.1 protein, and osmotic swelling of Muller 
cells. 44  In human BRVO, macrophage in fl am-
matory protein-1 b  (MIP-1b) and monocyte 
chemotactic protein-1 are upregulated in eyes 
with BRVO and ME. 34  Successful treatment of 
ME with intravitreal triamcinolone was associ-
ated with reductions. 34  

 Not all ME in BRVO is likely to be mediated by 
VEGF because there are some cases in which anti-
bodies that block VEGF, such as bevacizumab and 
ranibizumab, fail to cause resolution of edema. 1  ,  11  
This suggests that other pathways may be involved 
in causing ME in BRVO in some cases. 32  
Intercellular adhesion molecule-1  (ICAM-1) and 
VEGF receptor 2 (VEGFR-2) have been proposed 
as candidates. 32  

 In the population-based study Beaver Dam 
Eye Study (BDES), ME involving the fovea was 
found in 9.7% of cases of prevalent BRVO. 29  In 
that study, 61 eyes suffered incident BRVO dur-
ing 15 years of follow-up. Of these, 17 (28%) had 
ME. 30  The percentage of ME in BRVO is higher 
in case series reported from clinics because the 
decrease in visual acuity (VA) brings the patient 

to the doctor. In case series of major BRVO, ME 
occurred in 60% of cases of which two-thirds 
went on to chronic involvement. 20  ,  21  ,  23  In macular 
BRVO, ME occurred in 84% of cases. 28  Macular 
edema in BRVO spontaneously improved in 
30–40% of cases. 16  ,  25  In cases with ME but with-
out ischemia, spontaneous resolution of the 
edema occurred in approximately 30% of cases. 12  
In ischemic BRVO, the rate of spontaneous reso-
lution was higher – approximately 100%. 17  

 The proportion of patients with BRVO that 
develop ME depends on the status of the vitre-
ous. 2  In a case series of 53 BRVOs in which 25 
had total PVD and 28 did not, the proportion of 
cases developing ME was 59% in the non-PVD 
group versus 20% in the PVD group ( P  < 0.01). 2  

 Macular blood  fl ow velocity is negatively cor-
related with ME in BRVO. 33  The macular blood 
 fl ow velocity on average is lower in eyes with 
BRVO that also have disruption of the perifoveal 
capillary border or areas of ischemia, suggesting 
that these may be negative factors for ME in 
BRVO. 33  

 There is a modest correlation between ME and 
best corrected logarithm of the minimum angle of 
resolution (logMAR) VA in BRVO. Using OCT, 
the correlation coef fi cient between logMAR VA 
and macular thickness ranged between −0.232 
and −0.591. 4  ,  27  ,  38  Similarly, using the retinal thick-
ness analyzer, the linear relationship had a cor-
relation coef fi cient of −0.58. 49  This relationship 
is comparable to that reported in diabetic macular 
edema (correlation coef fi cient of −0.52). 9  ,  15  

 The relationships of the FA and clinically 
observed and OCT-measured macular thickening 
can be complex (Fig.  12.1 ). In some cases, there is 
consonance between FA and OCT (Fig.  12.1d , e). 
In other cases, they can be discrepant with 
hyper fl uorescence on the FA but no thickening 
on the OCT, implying a robust RPE pump, or 
with no hyper fl uorescence but a thickened OCT 
(see Chap.   8    , Fig.   8.3    ), implying intracellular 
edema or a hypofunctioning RPE pump. Acutely, 
an ischemic zone in BRVO may be edematous, 
but over time such zones often deturgesce 
(Fig.  12.1i, h ). 17   

http://dx.doi.org/10.1007/978-1-4614-3439-9_8
http://dx.doi.org/10.1007/978-1-4614-3439-9_8
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  Fig. 12.1    A 72-year-old    man had suffered a BRVO of 
the left eye 8 years previously and had received sector 
panretinal laser photocoagulation for retinal neovascular-
ization. The patient had 20/20 visual acuity in both eyes. 
On routine follow-up, and without new symptoms, he was 
found to have a new BRVO in the right eye. Fundus 
images,  fl uorescein angiography, and optical coherence 
tomography were obtained from both eyes. 
( a ) Monochromatic fundus photograph of the right eye 
shows a superotemporal sector of intraretinal hemor-
rhages sparing the fovea. ( b ) Monochromatic fundus pho-
tograph of the left eye shows collateral vessels that bridge 
the horizontal raphe dividing the involved inferotemporal 
quadrant from the uninvolved superotemporal quadrant 
(the  turquoise oval ). The  red arrow  denotes a sclerotic 
white vein draining part of the involved sector of the ret-
ina. ( c ) Frame from the mid-phase  fl uorescein angiogram 
of the right eye. There are relatively few hemorrhages and 
it is possible to discern the perfusion characteristics of the 
BRVO. The capillary detail is present (the  yellow oval ), 
placing this BRVO in the category of a nonischemic 
BRVO. ( d ) Frame from the late phase of the  fl uorescein 
angiogram showing late hyper fl uorescence (the  yellow 
oval ). ( e ) False-color map from the spectral domain OCT 

(SD-OCT) study of the right eye shows that the area of 
thickening colocalizes with the area of heaviest 
hyper fl uorescence in the  fl uorescein angiogram (compare 
 d ). ( f ) Line scans from the SD-OCT study of the right eye 
showing that the edematous area spares the fovea (note 
the normal foveal depression) consistent with the 20/20 
visual acuity. ( g ) Frame from the mid-phase  fl uorescein 
angiogram of the left eye. The involved retina has a zone 
of nonischemia (the  yellow oval ) and a zone of ischemia 
(the  orange oval ). ( h ) Frame from the late-phase 
 fl uorescein angiogram of the left eye. The nonischemic 
zone shows  fl uorescein leakage (the  yellow oval ). The 
ischemic zone shows no  fl uorescein leakage ( orange 
oval ). The  red arrow  denotes the nonischemic, edematous 
zone corresponding to the  red arrow  in the line scan OCT 
of  panel   i . ( i ) False color map from the SD-OCT study of 
the left eye. The nonischemic zone of the BRVO is edem-
atous (the  yellow oval ) but the ischemic zone is nonedem-
atous (the  orange oval ). The  red arrow  denotes cysts in 
the inner nuclear and outer nuclear layers of the temporal 
parafovea. In this case, because the patient was asymp-
tomatic, observation was recommended with follow-up in 
6 weeks to look for conversion of the nonischemic BRVO 
to an ischemic form           

a b
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Fig. 12.1 (continued)
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 Macular edema not only adversely affects VA 
but also perimetric threshold on visual  fi eld test-
ing. In BRVO with associated ME, the correla-
tion is linear, negative, and modest, with the 
correlation coef fi cient equal to −0.68 in the fovea 
and −0.62 in extrafoveal retina, respectively. 27  ,  52  
Improvement in ME associated with intravitreal 
triamcinolone injection was paralleled by 
improvements in perimetric sensitivity. 52  

 The literature is somewhat inconsistent in its 
conclusions regarding VA outcomes in ischemic 
BRVO with ME, with some reporting favorable 
and others unfavorable outcomes. 14  ,  17  ,  46  More 
reports suggest that the visual prognosis in cases 
of BRVO and ME is worse in cases with macular 
ischemia than in cases without macular 
ischemia. 13  ,  20  

 There are two treatments proven to be effec-
tive in ME associated with BRVO. Argon laser 
grid photocoagulation produces visual outcomes 
modestly better than the natural history. 6  Monthly 
intravitreal ranibizumab injections produces 
visual outcomes much better than the natural his-
tory, and by inference, but not by a head-to-head 
clinical trial, better than grid laser. 11  More detail 
regarding treatment of ME in BRVO is found in 
Chap.   13    .  

    12.2   Central Retinal Vein Occlusion 
with Macular Edema 

 Macular edema is commonly associated with 
CRVO although reliable estimates of the propor-
tion affected are sparse. 31  In the population-based 
BDES, 18 eyes suffered incident CRVO during 
15 years of follow-up. Of these, seven (39%) had 
ME. 30  In clinic-based series, the proportion of 
cases with ME is higher. In a series of 136 cases, 
96% had ME. 26  ME is common in both ischemic 
and nonischemic CRVOs. 26  

 Morphologically, ME in CRVO often appears 
as cystic spaces in the inner and outer nuclear 
layers (Fig.  12.2 ). However, the nerve  fi ber layer 
also swells, although often without cysts 
(Fig.  12.3 ). A careful comparison of OCT asym-

metry between eyes is required to detect this 
subtle form of edema (Fig.  12.3 ). Although it has 
been stated that ME in RVO begins as diffuse 
thickening and later forms cystoid spaces, there 
are documented cases of acute CRVO and 
HCRVO witnessed within 1 week of onset that 
have cystoid spaces (Fig.  12.4 ). Ischemia inter-
acts with morphology in ME associated with 
CRVO, although a large series of cases has not 
been systematically analyzed for correlations 
(Fig.  12.5 ).     

 In nonischemic CRVO, ME depends on the 
vitreous status. Detachment of the posterior vitre-
ous protects against ME in nonischemic CRVO. 
In a case series of 84 nonischemic CRVOs in 
which 44 had total PVD and 40 did not, the pro-
portion of cases developing ME was 63% in the 
non-PVD group versus 18% in the PVD group 
( P  < 0.01). 26  For ischemic CRVO, however, there 
is no interaction of vitreous status and ME. 
Macular edema can be present in ischemic CRVO 
even when the posterior vitreous is detached. 26  

 The correlation of visual acuity and OCT-
measured macular thickness in CRVO is mod-
est. 45  In the Standard Care Versus Corticosteroid 
for Retinal Vein Occlusion (SCORE) CRVO 
study, the correlation coef fi cient was −0.27. 45  
Using the retinal thickness analyzer, the correla-
tion coef fi cient was −0.63. 49  The relationship is 
comparable to that reported in diabetic macular 
edema (correlation coef fi cient of −0.52). 9  ,  15  
Macular ischemia and macular cell death may 
prevent closer correlation in many cases 
(Fig.  12.2 ). 

 Macular edema in CRVO frequently persists 
in the absence of treatment, with a wide range 
of estimates of the proportion persisting (see 
Chap.   7    ). 31  In the Central Vein Occlusion Study 
(CVOS), no untreated case of CRVO with ME 
had resolution over 12 months of follow-up. 50  
One meta-analysis offered 30% as a good approx-
imation of the rate of spontaneous resolution of 
ME in CRVO. 31  

 When resolution of ME does occur, it can be 
long delayed. In one study, the time to resolution 
of ME in untreated nonischemic CRVO with ME 
averaged 23 months compared to 29 months for 
ischemic CRVO. 24  

http://dx.doi.org/10.1007/978-1-4614-3439-9_13
http://dx.doi.org/10.1007/978-1-4614-3439-9_7
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 Macular edema is, generally, a negative prog-
nostic factor for ultimate VA. In one study, the 
odds ratio for a three or more Snellen line loss of 
VA at 2–5 years follow-up was 3.22 (95%CI 
1.86–5.57) for eyes with nonischemic CRVO 

with ME and VA of 20/60 or worse. 24  In eyes hav-
ing nonischemic CRVO with baseline visual acu-
ity of 20/70 or worse, spontaneous resolution of 
ME was associated with an odds ratio of 4.00 
(95% CI 2.29–6.98) of achieving three or more 

a b c

d e

  Fig. 12.2    Images from a patient with a nonischemic 
CRVO of the left eye and ME. An 83-year-old man with 
longstanding hypertension complained of sudden loss of 
vision of the left eye. On examination, the visual acuity 
was 20/200 on the left. There was no relative afferent 
defect. The left fundus examination showed optic disc 
edema, intraretinal hemorrhages in all quadrants, and 
marked ME ( panels   a  and  d ). Fluorescein angiography 
showed good capillary perfusion and marked late macular 
cystoid hyper fl uorescence ( panels   b  and  c ). OCT showed 
a central sub fi eld mean thickness (CSMT) of 865  m  ( panel  
 d ). Intraretinal edema and submacular  fl uid were present 
( panel   d ). The patient was advised to have intravitreal 
bevacizumab injections, and after two injections at monthly 
intervals, the ME had resolved with some inspissated exu-
date in the subretinal space ( panel   e ). The CSMT decreased 
to 275  m . The visual acuity remained 20/200 on the left. 
Because the patient was unable to appreciate any improve-
ment in vision, the injections were discontinued, but fol-
low-up at 1–2-month intervals continued to allow detection 

of anterior segment neovascularization. This case 
exempli fi es the principle that macular thickening and best 
corrected visual acuity are only modestly correlated. ( a ) 
Color fundus photograph showing the initial fundus 
appearance of disc edema nasally, four quadrant intrareti-
nal hemorrhage, venous dilation, and ME. ( b ) Venous-
phase  fl uorescein angiogram frame showing good capillary 
perfusion consistent with classi fi cation as a nonischemic 
CRVO. ( c ) Recirculation-phase  fl uorescein angiogram 
frame showing petalloid macular hyper fl uorescence and 
disc hyper fl uorescence. ( d ) Spectral domain OCT 
(SD-OCT) image at presentation showing cystoid edema 
and subretinal  fl uid under the macula (the  turquoise arrow ). 
Cysts are present in the inner nuclear (the  purple arrow ) 
and outer nuclear (the  orange arrow ) layers. ( e ) SD-OCT 
image after one intravitreal injection of bevacizumab. 
Complete resolution of edema has occurred. Mild vitreo-
macular traction is evident (the  yellow arrow ). Inspissated 
exudate is present in the subfoveal space (the  green 
arrow )       
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lines of VA improvement at the 2–5-year follow-
up visit. 24  Eyes with ischemic CRVO did not 
show an association with VA improvement with 
resolution of ME. 24  

 In a prospective study of 67 nonischemic 
CRVOs that remained nonischemic over a 

 duration of follow-up averaging 2 years, multi-
ple regression analysis showed the following 
factors to be independently associated with per-
sistent ME: history of cardiovascular disease, 
hyperlipidemia, and initial severity of ME. 19  
Chronic ME and macular cysts in CRVO can 

  Fig. 12.3    A 44-year-old woman with hypertension noted 
sudden onset of painless blurring of the left eye 2 weeks 
before being examined. Examination showed a nonisch-
emic central retinal vein occlusion (CRVO) of the left eye. 
( a ) Color fundus photograph of the unaffected, normal 
right eye. ( b ) Color fundus photograph of the left eye with 
a nonischemic CRVO. Optic disc edema, peripapillary 
hemorrhage, and venous dilation are present. ( c ) Frame 
from the early-phase  fl uorescein angiogram shows good 
capillary perfusion. ( d ) Frame from the late-phase 

 fl uorescein angiogram shows inferior optic disc 
hyper fl uorescence but no macular leakage. ( e ) Optic    nerve 
OCT shows a thickened nerve  fi ber layer of the left eye 
(compare the  green arrows  to the  orange arrows ). 
( f ) False-color maps of the macular OCTs of both eyes 
show asymmetry with the peripapillary macula thicker on 
the left than the right. The  gray scale  for interpreting the 
difference between eyes is denoted by the  orange arrow . 
Black indicates a 30  m  or greater difference with the left 
thicker than the right               
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result in a lamellar or full thickness macular 
hole (see Fig.   7.17    ). 47  

 Development of collateral vessels has been 
hypothesized to be a predictor for improve-
ment or resolution of ME associated with 
CRVO. Evidence to test this hypothesis 
has been inconsistent with some showing 
no  correlation and others showing an 
association. 5  ,  18  ,  22  -  24  ,  41  ,  42  ,  51   

    12.3   Summary of Key Points 

    Macular edema in RVO is more sensitively • 
detected with OCT than by slit lamp 
biomicroscopy.  
  VEGF and, to a lesser extent, other cytokines • 
mediate ME in RVO.  

  Among BRVOs, approximately 60% have • 
associated ME of which one-third spontane-
ously resolve.  
  A higher percentage of ischemic BRVOs with • 
ME have spontaneous resolution of ME than 
of nonischemic BRVOs with ME.  
  An attached vitreous increases the likelihood • 
of ME after BRVO or nonischemic CRVO, but 
not after ischemic CRVO.  
  The correlation between visual acuity and • 
OCT-measured ME is modest and is reduced 
through the in fl uence of ischemia and macular 
cell death.  
  Over 90% of cases of CRVO that present to • 
an ophthalmologist have ME. No case of ME 
with CRVO resolves spontaneously by 1 year, 
but approximately 30% resolve spontane-
ously over a longer interval, often with neu-
roretinal or pigment epithelial scarring and 
atrophy.         

−10

−20

−30

500

450

400

350

300

250

200

f
OSOD

500

450

400

350

300

250

200

Average thickness [µm]

T
hi

ck
ne

ss
 d

iff
er

an
ce

 [µ
m

] T
hickness differance [µm

]

Average thickness [µm]

Superior (S)
317

Inferior (I)
319

I - S

S - I

I - S

S - I

Total 318

Inferior (I)
340

Superior (S)
337

Total 339

Hemisphere asymmetry Hemisphere asymmetry

OD - OS asymmetry OS - OD asymmentry

0

−10

−20

−30

0

0

−10

−20

−30

R
edios thickness [µm

]R
et

in
a 

th
ic

kn
es

s 
[µ

m
]

T
hickeness D

ifferance [µm
]

Fig. 12.3 (continued)

http://dx.doi.org/10.1007/978-1-4614-3439-9_7


274 12 Macular Edema in Retinal Vein Occlusion

Average thickness (µm)

Vol (mm3)
4.37

582
0.80

800

700

600

500

400

300

200

100

0

656
0.51

469
0.64

523
0.40

544
0.43

450
0.35

397
0.54

329
0.25

325
0.45

R
etina thickness [µm

]

d

e f

Center:
Central min:
Central max:
Circle diameters:

573 µm
338 µm
682 µm
1, 2.22, 3.45 mm

IR 30°ART [HS]



27512.3 Summary of Key Points

  Fig. 12.5    Fundus images of a 78-year-old man with a 
double HCRVO. The superior HCRVO is ischemic and 
the inferior HCRVO is nonischemic. The visual acuity 
was counting  fi ngers. ( a ) Color fundus photograph shows 
two separate hemicentral retinal veins that do not join on 
the disc. The increased density of intraretinal hemor-
rhages superiorly (the  blue oval ) compared to inferiorly 
(the  black oval ) re fl ects the differential ischemia in the 
superior and inferior hemiretinas. ( b ) Frame from the 
mid-phase  fl uorescein angiogram shows the capillary 
nonperfusion superiorly (the  yellow oval ) compared to 
inferiorly (the  green oval ). ( c ) Frame from the late-phase 

 fl uorescein angiogram shows differential  fl uorescein leak-
age with less leakage in the ischemic superior retina (the 
 yellow oval ) and more in the nonischemic inferior retina 
(the  green oval ). ( d ) Vertically oriented SD-OCT line scan 
shows extensive subretinal  fl uid (the  orange arrow ) with 
differential loss of intraretinal  fi ne structure and differen-
tial morphology of the ME according to level of ischemia. 
The nonischemic inferior retina has an intact inner seg-
ment/outer segment junction lamina (the  green oval ), 
whereas the ischemic superior retina has lost these struc-
tures (the  yellow arrow ). The more ischemic superior ret-
ina has larger cystoid spaces       

  Fig. 12.4    This 67-year-old woman with hypertension 
and a history of a previous stroke presented with acute 
blurred vision of the left eye of 1-week duration. She 
knew the date of onset of her problem. The visual acuity 
was 20/50 in the left eye. ( a ) Color fundus photograph 
shows a superior hemicentral retinal vein occlusion. ( b ) 
Frame from the early-phase  fl uorescein angiogram shows 
slow  fi lling of the superior hemicentral retinal vein (the 
 yellow arrow ) compared to the inferior hemicentral retinal 
vein (the  turquoise arrow ). ( c ) Frame from the mid-phase 
 fl uorescein angiogram shows a general pattern of nonis-
chemia but with small regions of capillary nonperfusion 
(the  turquoise oval  compared to the  yellow oval  in nor-
mally perfused retina). ( d ) The spectral domain OCT 
(SD-OCT) false-color map shows retinal thickening in 

zones congruent with leaking retinal vessels (see  e ). ( e ) 
Frame from the late-phase  fl uorescein angiogram shows 
extensive leakage of  fl uorescein dye from retinal vessels 
superiorly. The area of  fl uorescein leakage is congruent 
with the thickening seen on SD-OCT (compare  d ). ( f ) The 
SD-OCT line scan shows acute changes to various retinal 
layers. The nerve  fi ber layer (the  tan arrow ) is thickened 
nasally. The ganglion cell layer (the  orange      arrow ) can be 
clearly distinguished from the inner plexiform layer (the 
 turquoise arrow ). The inner nuclear layer (the  green 
arrow ) has some  fi ne cysts and is diffusely thickened 
nasally (compare to the thickness temporal to fovea). The 
outer plexiform layer appears thinned nasally compared 
to temporally. The outer nuclear layer has large cysts (the 
 purple arrow )       

 

 



276 12 Macular Edema in Retinal Vein Occlusion

   References    

    1.    Ach T, Hoeh AE, Schaal KB, Scheuerle AF, Dithmar 
S. Predictive factors for changes in macular edema in 
intravitreal bevacizumab therapy of retinal vein occlu-
sion. Graefes Arch Clin Exp Ophthalmol. 2010; 
248:155–9.  

    2.    Avunduk AM, Cetinkaya K, Kapicioglu Z, Kaya C. 
The effect of posterior vitreous detachment on the 
prognosis of branch retinal vein occlusion. Acta 
Ophthalmol Scand. 1997;75:441–2.  

    3.    Bellhorn RW. Analysis of animal models of macular 
edema. Surv Ophthalmol. 1984;28(Suppl):520–4.  

    4.    Bhagat N, von Hagen S, Zarbin MA. Perimetric sensi-
tivity and retinal thickness in eyes with macular edema 
resulting from branch retinal vein occlusion. Am J 
Ophthalmol. 2002;133:428–9.  

    5.    Blinder KJ, Khan JA, Giangiacomo J, Ide CH. 
Optociliary veins and visual prognosis after central 
retinal vein occlusion. Ann Ophthalmol. 1989;21: 
192–4.  

    6.    Branch Vein Occlusion Study Group. Argon laser 
scatter photocoagulation for prevention of neovascu-
larization and vitreous hemorrhage in branch vein 
occlusion. Arch Ophthalmol. 1986;104:34–41.  

    7.    Brown JC, Solomon SD, Bressler SB, Schachat AP, 
DiBernardo C, Bressler NM. Detection of diabetic 
foveal edema; contact lens biomicroscopy compared 
with optical coherence tomography. Arch Ophthalmol. 
2004;122:330–5.  

    8.    Browning DJ, Rotberg MH. The relationship of dia-
betic retinopathy and glaucoma. In: Browning DJ, 
editor. Diabetic retinopathy: evidence based manage-
ment. New York: Springer; 2010. p. 141–202.  

    9.    Browning DJ, Glassman AR, Aiello LP, Bressler NM, 
Bressler S, Danis RP, Davis MD, Ferris FL, Huang 
SS, Kaiser PK, Kollman C, Sadda S, Scott IU, Qin H, 
Diabetic Retinopathy Clinical Research Network 
Study Group. Optical coherence tomography mea-
surements and analysis methods in optical coherence 
tomography studies of diabetic macular edema. 
Ophthalmology. 2008;115:1366–71.  

    10.    Browning DJ, McOwen MD, Bowen Jr RM, 
O’Marah TL. Comparison of the clinical diagnosis of 
diabetic macular edema with diagnosis by optical coher-
ence tomography. Ophthalmology. 2004;111:712–5.  

    11.    Campochiaro PA, Heier JS, Feiner L, Gray S, Saroj N, 
Rundle AC, Murahashi WY, Rubio RG, BRAVO 
Investigators. Ranibizumab for macular edema fol-
lowing branch retinal vein occlusion. Six month pri-
mary end point results of a phase III study. 
Ophthalmology. 2010;117:1102–12.  

    12.    Chen HC, Wiek J, Gupta A, Luckie A, Kohner EM. 
Effect of isovolaemic haemodilution on visual out-
come in branch retinal vein occlusion. Br J Ophthalmol. 
1998;82:162–7.  

    13.    Chung EJ, Hong YT, Lee SC, Kwon OW, Koh HJ. 
Prognostic factors for visual outcome after intravitreal 

bevacizumab for macular edema due to branch retinal 
vein occlusion. Graefes Arch Clin Exp Ophthalmol. 
2008;246:1241–7.  

    14.    Clemett R, Kohner EM, Hamilton AM. The visual 
prognosis in retinal branch vein occlusion. Trans 
Ophthalmol Soc U K. 1973;93:523–35.  

    15.    Diabetic Retinopathy Clinical Research Network, 
Browning DJ, Glassman AR, Aiello LP, Beck RW, 
Brown DM, Fong DS, Bressler NM, Danis RP, 
Kinyoun JL, Nguyen QD, Bhavsar AR, Gottlieb J, 
Pieramici DJ, Rauser ME, Apte RS, Lim JI, Miskala 
PH. Relationship between optical coherence tomogra-
phy-measured central retinal thickness and visual 
acuity in diabetic macular edema. Ophthalmology. 
2007;114:525–36.  

    16.    Erdol H, Akyol N. Arterial crimping in branch retinal 
vein occlusion with macular edema. Acta Ophthalmol. 
2000;78:456–9.  

    17.    Finkelstein D. Ischemic macular edema recognition 
and favorable natural history in branch vein occlu-
sion. Arch Ophthalmol. 1992;110:1427–34.  

    18.    Giuffre G, Palumbo C, Randazzo-Papa G. Optociliary 
veins and central retinal vein occlusion. Br J 
Ophthalmol. 1993;77:774–7.  

    19.    Glacet-Bernard A, Coscas G, Chabanel A, Zourdani A, 
Lelong F, Samama MM. Prognostic factors for retinal 
vein occlusion. Ophthalmology. 1996;103:551–60.  

    20.    Greer DV, Constable IJ, Cooper RL. Macular oedema 
and retinal branch vein occlusion. Aust J Ophthalmol. 
1980;8:207–9.  

    21.    Gutman FA, Zegarra H. The natural course of tempo-
ral retinal vein occlusion. Trans Am Ophthalmol Soc. 
1974;78:178–92.  

    22.    Hansen LL, Danisevskis P, Arntz HR, Hovener G, 
Wiederholt M. A randomized prospective study on 
treatment of central retinal vein occlusion by isovol-
aemic haemodilution and photocoagulation. Br J 
Ophthalmol. 1985;69:108–16.  

    23.    Hayreh SS. So-called “central retinal vein occlusion” 
II: venous stasis retinopathy. Ophthalmologica. 1976;  
172:14–37.  

    24.    Hayreh SS, Podhajsky PA, Zimmerman MB. Natural 
history of visual outcome in central retinal vein occlu-
sion. Ophthalmology. 2011;118:119–33.  

    25.    Hayreh SS, Zimmerman MB, Podhajsky P. Incidence 
of various types of retinal vein occlusion and their 
recurrence and demographic characteristics. Am J 
Ophthalmol. 1994;117:429–41.  

    26.    Hikichi T, Konno S, Trempe CL. Role of the vitreous in 
central retinal vein occlusion. Retina. 1995;15:29–33.  

    27.       Imasawa M, Iijima H, Morimoto T. Perimetric sensi-
tivity and retinal thickness in eyes with macular edema 
resulting from branch retinal vein occlusion. Am J 
Ophthalmol. 2001;131:55–60.  

    28.    Joffe L, Goldberg RE, Magargal LE, Annesley WH. 
Macular branch vein occlusion. Ophthalmology. 
1980;87:91–7.  

    29.    Klein R, Klein BEK, Moss SE, Meuer SM. The epide-
miology of retinal vein occlusion: the Beaver Dam 



277References   

Eye Study. Trans Am Ophthalmol Soc. 
2000;98:133–43.  

    30.    Klein R, Moss SE, Meuer SM, Klein BEK. The 
15-year cumulative incidence of retinal vein occlu-
sion. Arch Ophthalmol. 2008;126:513–8.  

    31.    McIntosh RL, Rogers SL, Lim L, Cheung N, Wang JJ, 
Mitchell P, Kowalski JW, Nguyen HP, Wong TY. 
Natural history of central retinal vein occlusion: an 
evidence -based systematic review. Ophthalmology. 
2010;117:1113–23.  

    32.    Noma H, Funatsu H, Mimura T, Eguchi S, Hori S. 
Soluble vascular endothelial growth factor receptor-2 
and in fl ammatory factors in macular edema with 
branch retinal vein occlusion. Am J Ophthalmol. 
2011;152:669–77.  

    33.    Noma H, Funatsu H, Sakata K, et al. Macular micro-
circulation and macular oedema in branch retinal vein 
occlusion. Br J Ophthalmol. 2009;93:630–3.  

    34.    Noma H, Funatsu H, Sakata K, Harino S, Mimura T, 
Hori S. Macular microcirculation in hypertensive 
patients with and without branch retinal vein occlu-
sion. Acta Ophthalmol. 2009;87:638–42.  

    35.    Noma H, Funatsu H, Yamasaki M, et al. Pathogenesis of 
macular edema with branch retinal vein occlusion and 
intraocular levels of vascular endothelial growth factor 
and interleukin-6. Am J Ophthalmol. 2005;140:256–61.  

    36.    Noma H, Funatsu H, Yamasaki M, Tsukamoto H, 
Mimura T, Sone T, Hirayama T, Tamura H, Yamashita 
H, Minamoto A, Mishima HK. Aqueous humor levels 
of cytokines are correlated to vitreous levels and 
severity of macular edema in branch retinal vein 
occlusion. Eye. 2008;22:42–8.  

    37.    Noma H, Minamoto A, Funatsu H, Tsukamoto H, 
Nakano K, Yamashita H, Mishima HK. Intravitreal 
levels of vascular endothelial growth factor and inter-
leukin-6 are correlated with macular edema in branch 
retinal vein occlusion. Graefes Arch Clin Exp 
Ophthalmol. 2006;244:309–15.  

    38.    Ohashi H, Oh H, Nishiwaki H, Nonaka A, Takagi 
H. Delayed absorption of macular edema accompa-
nying serous retinal detachment after grid laser 
treatment in patients with branch retinal vein occlu-
sion. Ophthalmology. 2004;111:2050–6.  

    39.    Parodi MB, Saviano S, Ravalico G. Grid laser treat-
ment in macular branch retinal vein occlusion. Graefes 
Arch Clin Exp Ophthalmol. 1999;237:1024–7.  

    40.       Phillips BE, Antonetti DA. Blood-retinal barrier, reti-
nal vascular leakage and macular edema. In: 
Joussen A, editor. Retinal vascular disease. Berlin: 
Springer; 2007. p. 139–53.  

    41.    Priluck I, Robertson D, Hollenhorst R. Long-term 
follow-up of occlusion of the central retinal vein in 
young adults. Am J Ophthalmol. 1980;90:190–202.  

    42.    Quinlan P, Elman MJ, Bhatt AK, Mardesich P, 
Enger C. The natural course of central retinal vein 
occlusion. Am J Ophthalmol. 1990;110:118–23.  

    43.    Ramchandran RS, Fekrat S, Stinnett SS, Jaffe GJ. 
Fluocinolone acetonide sustained drug delivery device 
for chronic central retinal vein occlusion: 12-month 
results. Am J Ophthalmol. 2008;146:285–91.  

    44.    Rehak M, Hollborn M, Iandiev I, Pannicke T, Karl A, 
Wurm A, Kohen L, Reichenbach A, Wiedemann P, 
Bringmann A. Retinal gene expression and Mnller 
cell responses after branch retinal vein occlusion in 
the rat. Invest Ophthalmol Vis Sci. 2009;50:2359–67.  

    45.    Scott IU, VanVeldhuisen PC, Oden NL, Ip MS, Blodi 
BA, Jumper JM, Figueroa M. SCORE Study Report 
1: baseline associations between central retinal thick-
ness and visual acuity in patients with retinal vein 
occlusion. Ophthalmology. 2009;116:504–12.  

    46.    Shilling JS, Jones CA. Retinal branch vein occlusion. 
A study of argon laser photocoagulation in the treat-
ment of macular edema. Br J Ophthalmol. 1984;68: 
196–8.  

    47.    Shukla D, Rajendran A, Kim R. Macular hole forma-
tion and spontaneous closure after vitrectomy for cen-
tral retinal vein occlusion. Graefes Arch Clin Exp 
Ophthalmol. 2006;244:1350–2.  

    48.    Spoerri PE, Afzal A, Calzi SL, Shaw LC, Cai J, Pan 
H, Boulton M, Grant MB. Effects of VEGFR-1, 
VEGFR-2, and IGF-IR hammerhead ribozymes on 
glucose-mediated tight junction expression in cultured 
human retinal endothelial cells. Mol Vis. 2006;12: 
32–42.  

    49.    Suzuma K, Kita M, Yamana T, Ozaki S, Takagi H, 
Kiryu J, Ogura Y. Quantitative assessment of macular 
edema with retinal vein occlusion. Am J Ophthalmol. 
1998;126:409–16.  

    50.    The Central Vein Occlusion Study Group. Evaluation 
of grid pattern photocoagulation for macular edema in 
central vein occlusion, the central vein occlusion 
study group M report. Ophthalmology. 1995;102: 
1425–33.  

    51.    Williamson TH, O’Donnell A. Intravitreal triamcino-
lone acetonide for cystoid macular edema in nonisch-
emic central retinal vein occlusion. Am J Ophthalmol. 
2005;139:860–6.  

    52.    Yamaike N, Kita M, Tsujikawa A, Miyamoto K, 
Yoshimura N. Perimetric sensitivity with the micro 
perimeter 1 and retinal thickness in patients with 
branch retinal vein occlusion. Am J Ophthalmol. 
2007;143:342–4.     



279D.J. Browning, Retinal Vein Occlusions, DOI 10.1007/978-1-4614-3439-9_13,
© Springer Science+Business Media New York 2012

 This chapter covers treatments in current use for 
retinal vein occlusion (RVO). Over time, many 
proposed treatments (e.g., radial optic neurotomy 
for central retinal vein occlusion (CRVO)) have 
been tried and discarded as evidence accumulates 
of inef fi cacy or too many adverse events. These 
treatments are covered, mainly for historical pur-
poses, in Chap.   15    . On the other hand, some treat-
ments are not adopted because of impracticality 
or cost-bene fi t considerations, rather than because 
of inef fi cacy (e.g., hemodilution for RVO). These 
therapies are covered in this chapter and are 
clearly identi fi ed as unadopted, with the reason 
each is not used. Some recently introduced treat-
ments have not withstood the test for ef fi cacy – a 
prospective randomized controlled clinical trial – 
but have not been rejected either. These treat-
ments are also covered here and clearly identi fi ed 
as provisional. A table of abbreviations used in 
this chapter follows (Table  13.1 ). The abbrevia-
tions are spelled out at their  fi rst occurrence.  

 Treatments have been developed to reverse the 
underlying pathophysiology (e.g., intravenous 
injection of tissue plasminogen activator to lyse 
thrombus), to reduce the risk of occurrence of 
RVO (e.g., folate to reduce plasma homocysteine 
concentration, or systemic anticoagulation for 
patients with antiphospholipid antibodies 
(APLAs)), and to treat the effects of RVO (e.g., 
intravitreal triamcinolone acetonide injection 
(IVTI) for macular edema associated with 
RVO). 16  ,  32  ,  274  This chapter covers all three catego-
ries of treatments. 

 Studies vary in quality of design from uncon-
trolled case series to prospective randomized 
controlled clinical trials. In the discussion that 
follows, greater weight is given to studies with 
high-quality designs. Results from uncontrolled 
case series are useful for generating hypotheses 
worth testing in clinical trials and for guiding cli-
nicians facing clinical situations so rare that they 
do not merit the resources of a trial. A problem 
with uncontrolled case series is that they must 
compare their results to some reference group, 
and thus are forced to choose one from a natural 
history study or a different treatment study usu-
ally drawn from a patient population that differs 
in geographical origin, racial make-up, age and 
gender distribution, in fl uence of comorbidities, 
and other potentially confounding factors. These 
confounders make it impossible to draw valid 
conclusions about the ef fi cacy of the treatment. 
Such reports usually contain a statement similar 
to the following: “We believe our results are bet-
ter than the natural history data outlined in the 
Central Vein Occlusion Study” (CVOS). 176  The 
problem is that readers want valid comparisons, 
not beliefs, many of which are falsi fi ed once pro-
posed therapies are actually put to the test in a 
prospective randomized clinical trial. For exam-
ple, IVTI for branch retinal vein occlusion 
(BRVO) with macular edema (ME) was common 
based on the optimism of uncontrolled case series 
before a randomized clinical trial proved it to be 
no better than grid laser and with more complica-
tions. 281  Its use has since been abandoned. 

    Chapter  13 
   Treatment of Retinal Vein Occlusions       
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 Treatment studies prespecify primary and sec-
ondary outcomes. Sometimes the primary out-
come is not achieved, but a secondary outcome 
is. An example occurred in a clinical trial involv-
ing intravitreal pegaptanib injections (IVPI) for 
ME associated with CRVO. 303  The primary out-
come was the proportion of eyes gaining 15 Early 
Treatment Diabetic Retinopathy Study (ETDRS) 
or more letters at week 30. The study failed to 
show a bene fi t of IVPI at the 0.05 level of 
signi fi cance. However, secondary outcomes such 
as mean visual acuity, proportion losing 15 or 
more letters, and mean central retinal thickness 
did show evidence of bene fi t from the treatment. 
Although failure to achieve the primary outcome 
may prevent regulatory approval of the treatment 
for an indication, clinicians may  fi nd the treat-
ment useful in speci fi c situations, usually ones in 
which more effective therapies have failed. 

 An important component in the treatment of 
RVO is the interval of follow-up. This is a more 
pressing concern in CRVO and hemicentral reti-
nal vein occlusion (HCRVO) than in BRVO. If 
the follow-up interval is too long, the risk of 
missing anterior segment neovascularization 
(ASNV) rises. The CVOS recommended follow-
up intervals based on baseline visual acuity (VA). 
If the baseline VA is 20/40 or better, the CVOS 
recommended that the patient should return at 
least every 2 months for the  fi rst 6 months. If the 
baseline VA is 20/200 or worse, the patient should 

   Table 13.1    Abbreviations used in treatment of retinal 
vein occlusions   

 Abbreviation  Term 
 APLAs  Antiphospholipid antibodies 
 ASNV  Anterior segment 

neovascularization 
 AVS  Arteriovenous sheathotomy 
 BCVA  Best corrected visual acuity 
 BRAVO  Ranibizumab for the treatment of 

macular edema following 
branch retinal vein occlusion 
study 

 BRVO  Branch retinal vein occlusion 
 BVOS  Branch vein occlusion study 
 COPERNICUS  A study of a fl ibercept in the 

treatment of central retinal vein 
occlusion with macular edema 

 CRUISE  Central retinal vein occlusion 
study 

 CRVO  Central retinal vein occlusion 
 CSMT  Central sub fi eld mean thickness 
 CPT  Center point 
 CME  Cystoid macular edema 
 DD  Disc diameters 
 ERG  Electroretinogram 
 FAZ  Foveal avascular zone 
 GALILEO  A study of a fl ibercept in the 

treatment of central retinal vein 
occlusion with macular edema 

 GL  Grid laser 
 Hz  Hertz 
 ILMP  Internal limiting membrane 

peeling 
 IS/OS  Inner/outer segment 
 IOP  Intraocular pressure 
 IVB  Intravitreal bevacizumab 
 IVTI  Intravitreal triamcinolone injection 
 LCRVA  Laser chorioretinal venous 

anastomosis 
 ME  Macular edema 
 mfERG  Multifocal electroretinogram 
  m   Micron 
  m s  Microsecond 
 nm  Nanometer 
 NVA  Neovascularization of the angle 
 NVG  Neovascular glaucoma 
 NVI  Neovascularization of the iris 
 OCT  Optical coherence tomography 
 PRP  Panretinal photocoagulation 
 PEDF  Pigment epithelial derived growth 

factor 
 prn  Pro re nata (as the circumstances 

arise) 
 PSTI  Posterior subtenon’s triamcinolone 

injection 

Table 13.1 (continued)

 Abbreviation  Term 

 PVD  Posterior vitreous detachment 
 QALY  Quality-adjusted life year 
 RNA  Ribonucleic acid 
 RVO  Retinal vein occlusion 
 RON  Radial optic neurotomy 
 SCORE  Standard care versus corticosteroid 

for retinal vein occlusion 
 SD  Standard deviation 
 SGL  Subthreshold grid laser 
 TPA  Tissue plasminogen activator 
 VATR  Visual acuity to thinning ratio 
 VEGF  Vascular endothelial growth factor 
 VA  Visual acuity 
 VH  Vitreous hemorrhage 
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return monthly for the  fi rst 6 months for undi-
lated slit lamp examination and gonioscopy. 278  
Patients with baseline visual acuity of 20/50–
20/200 should be followed at intervals of 
1–2 months for 6 months depending on the clini-
cal  fi ndings. 278  The follow-up schedule for CRVO 
followed at the University of Iowa is a visit every 
3 months for three visits, then a visit every 
6 months for four visits, then annually, but this 
schedule may have been dictated as much by the 
desire to study the disease course in a standard-
ized manner as by clinical necessity. 105  Others 
have recommended schedules intermediate 
between the extremes of the CVOS recommenda-
tions and the University of Iowa template. 320  The 
follow-up interval in BRVO is less critical because 
the issue of ASNV rarely arises (see Chap.   11    ). 
In BRVO, follow-up will usually be dictated by 
the status of macular edema, which may require 
intravitreal injections as often as every month for 
extended periods. 

 When there are several therapies available for 
the same condition, clinicians need a way to 
 compare treatments and come to evidence-based 
decisions regarding relative ef fi cacies, costs, and 
adverse effects. The gold standard in such cases is 
the prospective randomized controlled clinical 
trial. There are always more questions, however, 
than there are trials to answer them, so an index to 
use in comparing studies in the absence of a head-
to-head trial would be helpful. Previous studies 
have struggled with methods of comparison of dif-
ferent treatments for RVO. 79  It is dif fi cult to com-
pare the results of a treatment across studies 
because of the confounding effects of different 
samples such as differences in duration of disease, 
differences in diagnostic criteria, and differences 
in duration and completeness of follow-up. Despite 
these hazards, the clinician wants to synthesize 
existing information to arrive at some judgment 
about the relative merits of treatment options in the 
absence of de fi nitive comparative trials. 

 With the advent of optical coherence tomogra-
phy (OCT), such an index for comparison of 
macular edema studies can be proposed. 
Treatments for macular edema (ME) associated 
with RVO produce two major effects – reduction 
in macular thickening and improvement in VA. 

OCT measurements are reproducible and objec-
tive. VA measurements are less so, but an assess-
ment of vision is usually the primary outcome, 
and, despite its drawbacks, VA is the most widely 
used index of visual performance yet devised. 
Not all reductions in macular edema produce 
equivalent improvements in VA. Some treatments 
produce greater improvement in VA for a given 
reduction in edema. Therefore, one could use an 
index termed “the VA per thinning ratio (VATR)” 
as a way to compare various treatments for the 
same disease when there are no comparative tri-
als to allow more judicious comparisons. The 
de fi nition of VATR follows:

   VATR =  D VA/ D CSMT at a given time  T  after a 
treatment, where  

  VA = visual acuity  
  CSMT = central sub fi eld mean thickness    

  D VA is given in number of ETDRS letters 
changed, recalling that 0.02 logMAR change = one 
ETDRS letter change.  D CSMT is the thinning of 
the macula from the intervention and is given 
in microns ( m ). The fact that treatment effects 
change over time highlights the importance of 
making comparisons of VATR across studies at 
the same time,  T . 

 As an example, for BRVO and ME, at 1 month 
after a single injection of bevacizumab, a VATR 
of 4.3 letters per 100  m  of thinning has been 
reported. 79  Although there are advantages to the 
use of CSMT as compared to central foveal thick-
ness, some studies report retinal thickness using 
the latter variable, and we have pooled data from 
reports using both variables. 64  Central foveal 
thickness and CSMT are highly correlated in dia-
betic macular edema, and it is reasonable to 
assume that the same is true in RVO with ME. 64  

 A common issue in treatment of RVO is when 
to intervene. There have been two schools of 
thought. In the older literature, cautious observa-
tion for 2–3 months to look for spontaneous clear-
ing of intraretinal hemorrhage and macular edema 
was recommended. 207  For BRVO, the fraction 
spontaneously improving is estimated to be 
20–40%. 70  ,  144  ,  277  ,  301  Excessive intraretinal hemor-
rhage may obscure details of retinal perfusion and 
prevent laser application. Once clearing occurs, 

http://dx.doi.org/10.1007/978-1-4614-3439-9_11
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these obstacles are removed. 277  More recently, the 
idea has been expressed that a window of oppor-
tunity exists during which intervention may sal-
vage more viable retinal cells. 60  ,  143  ,  151  ,  176  ,  179  ,  190  ,  206  ,  244  ,  
264  ,  272  ,  312  This approach is often favored for intrav-
itreal injection therapies in which presence of 
intraretinal hemorrhage is not an impediment to 
application of the therapy. It has also been 
expressed in discussions on timing of laser chori-
oretinal venous anastomosis (LCRVA) for CRVO 
and vitrectomy and arteriovenous sheathotomy 
(AVS) for BRVO. 141  ,  143  ,  151  ,  179  ,  184  ,  206  Even with injec-
tional therapies, there may be a bene fi t from a 
short period of observation. Rebound macular 
edema occurring after injectional therapy with 
bevacizumab may occur more often when injec-
tions are begun before 8 weeks after symptom 
onset. 313  Eyes with CRVO and ME tend to show 
spontaneous thinning, but rarely to normal macu-
lar thickness, and the natural history of CRVO, on 
average, is a decline in VA (see Chap.   7    ). Thus, a 
period of waiting may be more harmful in CRVO, 
in contrast to the situation in BRVO and ME, 
where the ME spontaneously decreases, on aver-
age, and the VA tends to improve. 50  ,  218  ,  238  ,  255  

 A recurrent theme in reports describing thera-
pies for RVO is that there are nonresponders for 
each one, and nonresponse to one therapy does 
not imply nonresponse to another. 14  ,  75  ,  144  For 
example, intravitreal injection of bevacizumab 
may improve macular edema after BRVO when 
grid laser (GL) fails, or AVS may improve ME in 
eyes that have failed to respond to IVTI or 
GL. 41  ,  259  As a result, it is helpful to have many 
ef fi cacious therapies for those patients who fail 
initial treatment. The goal of an evidence-based 
approach is to provide the knowledge of which 
therapy is most likely to work with greatest 
ef fi cacy and safety at the least cost. 

 Certain treatments have the side effect of mak-
ing others less effective after their application. For 
example, pars plana vitrectomy changes the phar-
macokinetics of intravitreally injected drugs. The 
intravitreal half-lives of injected drugs are short-
ened, so vitrectomy tends to be a treatment applied 
after intravitreal injectional therapy has failed. 

 Evidence is accumulating that certain cytokine 
pro fi les may correlate with response to various 

therapies. For example, eyes with BRVO and ME 
refractory to IVTI had higher aqueous concentra-
tions of vascular endothelial growth factor 
(VEGF) than eyes that responded. 214  Likewise, 
nonresponders had higher frequencies of macular 
ischemia. 214  

 In evaluating treatments for types of RVO, all 
of which have the potential for a chronic and 
relapsing course, it is important to prespecify 
de fi nitions of success, failure, and recurrence. 
Many studies lack them. Clear de fi nitions apply to 
speci fi c times after diagnosis, can be applied in 
routine practice, use reproducible measures that 
are objective, and involve an improvement in 
excess of the random variation in the measurement 
taken (see Chap.   8    ). For example, the random vari-
ation in a best corrected visual acuity (BCVA) is 
commonly considered to be ±  fi ve ETDRS letters 
(i.e., logarithm of the minimal angle of resolution 
(logMAR) 0.1). Thus, most de fi nitions of success 
include a cut point for VA improvement of at least 
ten ETDRS letters (logMAR 0.2). 144  An example 
of clearly de fi ned outcomes follows: 

 Success is de fi ned as any one of the following 
four criteria being met at 12 months after the  fi rst 
treatment:

    1.    Improvement of best corrected logMAR visual 
acuity of 0.2 or greater  

    2.    Best corrected visual acuity of 0.7 (20/29) or 
better  

    3.    Decrease in foveal thickness 30% or more  
    4.    Foveal thickness of 230  m  or less by Stratus 

OCT measurement 144  

 A speci fi c example of a clear de fi nition of 
recurrent disease is the following one for macular 
edema:     

 Recurrence means that either of the following 
criteria is met before 12 months after the  fi rst 
treatment:

    1.    Worsening of best corrected logMAR visual 
acuity of 0.2 or more after an initial 
improvement  

    2.    Increase in foveal thickness of 30% or more 
after an initial decrease in foveal thickness 144      

 These are not listed as the optimal outcome 
measures, but rather as clear ones.   

http://dx.doi.org/10.1007/978-1-4614-3439-9_7
http://dx.doi.org/10.1007/978-1-4614-3439-9_8
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   Visual Acuity Measurement in Treatment Studies 

 To understand treatment studies, it is necessary to be conversant with multiple forms of VA 
measurement and multiple forms of macular thickness measurement. Visual acuities are fre-
quently expressed as Snellen ratios (e.g., 20/32), as Snellen decimals (e.g., 0.625), as logMAR 
decimals (e.g., 0.2), and as number of letters read from the ETDRS chart (e.g., 61 letters). 
Several useful tips can make the interpretation of these publications easier. First, an ETDRS 
letter is equivalent to a logMAR increment of 0.02. Therefore, one line on the ETDRS chart 
equals a logMAR increment of 0.1, or  fi ve ETDRS letters. A conversion formula allowing a 
Snellen VA to be expressed in logMAR format is

   logMAR visual acuity = −log10 (Snellen ratio or Snellen decimal).    

 Conversely, a conversion formula allowing a logMAR visual acuity to be expressed in 
Snellen decimal format is

   Snellen decimal visual acuity = 1.0 −logMAR visual acuity .    

 A conversion formula allowing a Snellen visual acuity to be expressed in ETDRS letters is

   ETDRS letters = 85 + 50 × log (Snellen decimal visual acuity). 86     

 Here is a conversion table for these different formats (Table  13.2 ).  

 It is important to distinguish between what happens at the level of an individual patient and 
what happens at the level of a group of patients in a study. In a study comparing two groups of 

   Table 13.2    Table for converting visual acuity to various formats   

 Snellen notation  Decimal notation  logMAR  Visual acuity score (ETDRS letters) 

 20/20  1.0  0  100 
 20/25  0.8  0.1  95 
 20/30     0.67  0.176  91–92 
 20/32  0.63  0.2  90 
 20/40  0.50  0.3  85 
 20/50  0.40  0.4  80 
 20/60  0.33  0.477  76–77 
 20/63  0.32  0.5  75 
 20/70  0.286  0.544  72–73 
 20/80  0.25  0.6  70 
 20/100  0.20  0.7  65 
 20/125  0.16  0.8  60 
 20/160  0.125  0.9  55 
 20/200  0.1  1.0  50 
 20/250  0.08  1.1  45 
 20/300  0.067  1.176  38–39 
 20/320  0.063  1.2  40 
 20/400  0.05  1.3  35 
 20/500  0.04  1.398  30 
 20/630  0.032  1.491  25 
 20/800  0.025  1.602  20 

  Red font denotes visual acuity levels that are present on the Snellen chart but not on the ETDRS chart. The 
ETDRS letter score is shifted in some cases. For example, the ETDRS letter score for 20/20 is listed as 100 in 
some references and as 86 in others. In all cases, however, each letter on a line is equivalent to an increment of 
0.02 logMAR units such that one line on the ETDRS chart =  fi ve ETDRS letters  
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    13.1   Medical Treatment of Retinal 
Vein Occlusion 

 Treatments for RVO attempt to reverse the under-
lying thrombosis or manage the secondary conse-
quences. The  fi rst class of treatments applies to 
acute RVO. For example, these treatments are not 
relevant in a patient who presents with a picture 
of chronic BRVO or CRVO with collateral ves-
sels. Moreover, application of medical treatment 
to reverse thrombosis depends on severity of the 
clinical picture. In a young patient without vascu-
lar risk factors and with mild symptoms, excel-
lent VA, and mild signs of a nonischemic CRVO, 
it is often prudent to observe the patient because 
many CRVOs will resolve spontaneously. 

 For acute RVO of a severity warranting inter-
vention, many medical treatments have been 
advanced to address the suspected underlying 
physiology, but evidence of ef fi cacy is generally 

either lacking or so small that it is clinically 
unimportant. 253  However, not all evidence is 
negative. 162  ,  185  ,  231  

    13.1.1   Anticoagulation 

 The rationale for anticoagulation in the treatment 
of CRVO is to change the balance between the 
naturally opposing forces of thrombosis and 
thrombolysis. 69  Studies from the 1950s and 1960s 
took this approach, but because of drawbacks 
such as nonrandomized treatment allocation, 
nonstandardized and nonprospective data collec-
tion, and absence of statistical analysis, only 
vague conclusions could be drawn. 67  ,  69  ,  291  More 
recent studies of anticoagulation and thromboly-
sis are similarly intuitive that the approach should 
work and better designed, but have also not shown 
bene fi t. Treatment of CRVO with warfarin is not 

patients exposed to different treatments, a mean difference in VA change of  fi ve ETDRS letters 
could be highly signi fi cant, depending on the size of the groups and the standard deviation of 
the VA changes. Such a change could be clinically important and lead to a change in treatment 
paradigm. For example, in the Branch Vein Occlusion Study (BVOS), grid laser produced a 
mean change in VA of 1.3 Snellen lines over the group, roughly equivalent to eight ETDRS 
letters, a result that changed physicians’ treatment philosophy for 25 years. In a single patient 
followed longitudinally, however, this change barely exceeds the measurement noise.  

   OCT Measurement of Macular Thickness in Treatment Studies 

 It is important for investigators to prespecify what is considered to be a clinically important 
effect. In one study of BRVO, investigators prede fi ned that for a treatment to be effective, 
foveal thickness would need to decrease more than 30%. 313  In general, the thicker the macula, 
the higher the percentage that would be considered clinically important. For example, if the 
baseline macular thickness is 1,000  m , a 30% reduction implies that the macula is still 700  m  – 
still seriously edematous, and arguably a clinically unimportant change. On the other hand, if 
the baseline macular thickness is 300  m , a 30% reduction implies that the macula has returned 
to normal thickness, and such a reduction is clinically important. What is de fi ned to be clini-
cally important is somewhat arbitrary, and studies differ in thresholds. Whereas Yasusa and 
colleagues de fi ned clinically important as a decrease in macular edema of more than 30%, in 
the Standard Care Versus Corticosteroid for Retinal Vein Occlusion (SCORE) BRVO study, a 
clinically important decrease was de fi ned to be more than 20%. 281  ,  313   
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effective. 253  There are many cases of patients with 
CRVO who developed their condition while on 
therapeutic doses of warfarin. 31  ,  59  ,  108  ,  189  In some 
cases of thrombophilia, however, warfarin ther-
apy is indicated to reduce the probability of future 
systemic thrombosis. Whether this reduces the 
risk of subsequent same-eye or fellow-eye RVO 
is unknown. 

 Some have gone further and suggested that 
anticoagulation harms patients with RVO. 100  ,  101  ,  109  
In a retrospective study of 567 patients with 
CRVO and 119 patients with nonischemic 
HCRVO, patients were strati fi ed by baseline use 
of aspirin and warfarin. 104  Use of aspirin was 
associated with worse retinal hemorrhage at base-
line in nonischemic and ischemic CRVOs and 
nonischemic HCRVOs. 104  In the patients with 
nonischemic CRVO and BCVA of 20/60 or bet-
ter, baseline use of aspirin was associated with a 
higher rate of visual deterioration (adjusted OR 
2.24, 95% CI 1.14–4.41,  P  = 0.02). 104  Aspirin use 
was not associated with worse visual acuity out-
comes in ischemic CRVOs or nonischemic 
HCRVOs. 104  

 In a meta-analysis of three randomized clini-
cal trials comparing subcutaneous injections of 
low molecular weight heparin (LMWH) versus 
aspirin for acute RVOs that included 111 BRVOs, 
the group receiving LMWH had statistically 
signi fi cantly improved VA at 6 months and fewer 
adverse ocular outcomes. 162  Results were roughly 
the same for BRVO and CRVO, which led the 
authors to pool their cases. 162  A drawback is that 
no study has compared LMWH to placebo, thus 
part of the effect difference might be an adverse 
effect of aspirin. 100  ,  104  ,  108  ,  162  

 Antiplatelet drugs that have been used in RVO 
include aspirin, ticlopidine, and beraprost. Aspirin 
is an irreversible inhibitor of the cyclo oxygenase 
pathway. Ticlopidine increases intra cellular cyclic 
AMP, which inhibits platelet aggre gation. Bera-
prost, a stable prostacyclin analog, also increases 
intracellular cAMP. In one study, aspirin therapy 
failed to inhibit the formation of any size platelet 
aggregates in patients with pooled RVOs. 
Ticlopidine inhibited formation of small but not 
medium or large aggregates. Beraprost inhibited 
formation of aggregates of all sizes. 311  None of 

these drugs has been shown to be effective in 
CRVO or BRVO. 67  ,  253  ,  290  Aspirin with intravenous 
thrombolysis has not reversed CRVO either. 98  ,  231  
Ticlopidine was studied in a randomized trial of 
54 patients with BRVO seen within 3 weeks of 
symptom onset. Ticlopidine taken orally for 
6 months was associated with an improvement in 
VA in 69% of patients compared to 52% in the 
control group. 116  The effect was not impressive 
enough for the therapy to be adopted, especially 
as ticlopidine has an adverse pro fi le of potential 
side effects including neutropenia and thrombotic 
thrombocytopenic purpura. 180  ,  231  

 Troxerutin, an ingested drug that improves red 
cell deformability and reduces platelet aggrega-
tion, was tested in a placebo-controlled random-
ized trial of 26 patients with pooled BRVO and 
CRVO and ME. At 4 months follow-up, more 
patients receiving troxerutin had VA of 20/40 or 
better than the placebo group. 82  ,  231  The effect was 
not dramatic enough to stimulate a large-scale 
clinical trial, and this treatment has not been 
adopted. 

 In the rare instance when the antiphospho-
lipid syndrome is found in association with RVO, 
treatment does involve anticoagulation, because 
the problem is interference by the APLAs with 
the coagulation system. Systemic steroids are 
not  fi rst-line therapy in these cases. 54  Patients 
with APLAs need systemic anticoagulation with 
warfarin until the absence of antiphospholipids 
has been documented for at least 6 months. 
Treatment is nonstandardized and sometimes 
includes immunosuppression with corticoster-
oids and the addition of antiplatelet drugs such 
as aspirin. 54  ,  149  Treatment can last for years, or 
even for the remainder of life, and is a decision 
to be made by the patient and the internist. 138  ,  296  
This may consist of warfarin, subcutaneous 
injection of enoxaparin, or other low molecular 
weight heparin, of oral pentoxifylline. 1  ,  15  Some 
patients with APLAs but not meeting the com-
plete de fi nition of antiphospholipid syndrome 
have been treated with aspirin. 16  ,  96  Ef fi cacy of 
these anticoagulation regimens in preventing 
future RVO has not been shown, and the treat-
ments are based on hypotheses of ef fi cacy or 
systemic considerations.  
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    13.1.2   Systemic Thrombolytic 
Therapy 

 Systemic thrombolysis has been successfully 
used to treat acute myocardial infarction, pulmo-
nary embolism, ischemic stroke, deep vein throm-
bosis, and acute arterial occlusions of the lower 
limbs. Therefore, its attempted use in CRVO was 
expected. Unfortunately, it proved to be ineffec-
tive or too risky. 69  ,  74  ,  140  ,  253  ,  318  

 Kohner and colleagues performed a prospec-
tive randomized study in 41 patients with CRVO 
with symptoms for less than 7 days. Patients were 
randomized to receive 3 days of intravenous 
streptokinase followed by anticoagulation for 
6 months or observation. Final VA was better in 
the treatment group, but severe intraocular hem-
orrhage in three patients was responsible for its 
poor reception and absence of follow-up study of 
this approach. 140  

 Elman reported a prospective study of 96 
patients with CRVO who received a regimen that 
changed intrastudy, but was based around an 
intravenous infusion of tissue plasminogen acti-
vator for 3–8 h followed by anticoagulation with 
heparin, warfarin, and aspirin. 69  In his study, 
patients received systemic intravenous infusion 
of tissue plasminogen activator 100 mg at an 
average of 21 days after onset of CRVO. At 
6 months follow-up, 42% of patients had recov-
ered at least three lines of vision, but one patient 
died of a hemorrhagic stroke associated with the 
treatment. 69  Because of this catastrophe, the ther-
apy was not adopted. 

 To avoid the systemic side effects, superselec-
tive ophthalmic artery  fi brinolytic therapy with 
urokinase 300,000 IU infused over 1 h was used 
in 26 patients. 213  Six eyes were reported to 
signi fi cantly improve, but it is not possible to 
determine the meaning of the result in the absence 
of a control group. Two patients developed vitre-
ous hemorrhage requiring vitrectomy. 213  Use of 
systemic thrombolytic drugs for CRVO has been 
abandoned because of the risk of life-threatening 
complications such as intracerebral and gastroin-
testinal hemorrhage associated with treatment for 
a nonfatal malady. 74  ,  318  

 Another randomized trial studied patients with 
CRVO and ME reducing VA to 20/50 or less and 
with onset of symptoms within 11 days of pre-
sentation. It randomized 41 patients to intrave-
nous tissue plasminogen activator (TPA) (50 mg) 
or isovolumic hemodilution (IH). At 1 year, there 
was an improved visual outcome in the TPA 
group. 98  Patients under the age of 70 were 
excluded to reduce the risk of systemic hemor-
rhagic events. The proportion of patients improv-
ing three lines of more was 45% in the TPA group 
compared to 21% for the IH group. 98  Median 
1 year VA was 20/60 in the TPA group compared 
to 20/400 in the IH group. 98  The regimen was 
expensive with 8 days of hospitalization. The  fi rst 
day the patients receiving TPA were given 50 mg 
of recombinant TPA intravenously over 60 min 
with concomitant heparinization that continued 
for the 8 days in the hospital. Patients also were 
treated with aspirin 100 mg/day for 12 weeks. No 
systemic adverse events occurred, but one sub-
retinal hemorrhage did. Perhaps because of the 
inpatient nature and aggressiveness of the inter-
vention, this treatment approach has not been 
adopted. 98   

    13.1.3   Isovolumic Hemodilution 

 The  fi nding that some patients with CRVO have 
increased blood viscosity from several possible 
causes, such as elevated hematocrit, elevated 
 fi brinogen, and abnormal erythrocyte aggrega-
tion, led to trials of isovolumic hemodilution (IH) 
with replacement of blood by plasma expanders. 
By decreasing blood viscosity, IH is thought to 
improve retinal circulation and oxygen-
ation. 94  ,  235  ,  286  The general aim of this treatment is 
to increase the  fl uidity of the blood, thus improv-
ing the microcirculation and oxygen delivery to 
the retina. 84  ,  94  The targeted level of hematocrit 
varies from 30% to 38% rather than the normal 
38–42%, and it is important to maintain the low-
ered hematocrit for 6 weeks rather than 
2–3 weeks. 94  It appears that intervention within 
the  fi rst 2 weeks is more effective than later inter-
vention. 84  Treated eyes have had mean changes in 
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VA ranging from a mean loss of 1.3 lines to a 
mean gain of 1.5 lines. 84  ,  300  In addition, some evi-
dence suggests that the rate of conversion from 
nonischemic to ischemic CRVO is reduced, 
although the comparisons were made with his-
torical and not concurrent controls. 84  Hemodilution 
for CRVO reduces the resistive index of the cen-
tral retinal artery, but does not change central 
venous blood  fl ow velocity as determined by 
color Doppler imaging. 285  Many patients undergo 
the treatment and do not bene fi t, requiring that 
other treatments be tried. 74  The  fl uid used for 
replacement of the removed blood matters. In a 
study using normal saline rather than dextran 
replacement  fl uid, the IH group had worse out-
comes than the control group. 168  In some studies, 
IH has been combined with laser panretinal 
 photocoagulation because IH alone did not 
 prevent some cases of subsequent neovascular 
glaucoma. 94  

 Despite level 1 evidence of the ef fi cacy of IH, 
and bene fi cial effects documented regarding VA, 

retinal circulation time, and rheological variables, 
isovolumic hemodilution has never been used in 
the United States to an appreciable extent and 
appears to be used primarily in a few European 
centers (Table  13.3 ). Even in Europe, its use is in 
decline since the advent of intravitreal injection 
of anti-VEGF drugs. 318  Reasons for its nonadop-
tion are speculative, but may include evidence 
based on studies of small sample size; reluctance 
of ophthalmologists to engage in systemic treat-
ments requiring phlebotomies, infusions, and 
systemic hazards; the chronic nature of the dis-
ease for which recurrent use of hemodilution is 
impractical; the con fl icting evidence that patients 
with CRVO have hyperviscosity; logistical prob-
lems in arranging for internists and family doc-
tors to administer these systemic treatments; and 
reimbursement issues. Not all patients with 
CRVO are eligible. In published studies, 28% of 
patients with CRVO were not eligible for reasons 
including anemia, congestive heart failure, renal 
disease, and pulmonary disease. 94  ,  108  ,  161  ,  231  ,  253   

   Table 13.3    Table of randomized clinical trials of isovolumic hemodilution   

 Study   N , type of CRVO 
 Visual outcome of treated 
group 

 Visual outcome of 
control group   P  

 Hansen et al. 94   38, mixed  5/17 eyes with  ³ 2 Snellen 
lines improvement 

 0/17 eyes with  ³ 2 Snellen 
lines improvement 

 <0.05 (IH better) 

 Hansen et al. 95   25, nonischemic  8/14 with  ³ 2 Snellen lines 
improvement at 1 year 

 0/11 with  ³ 2 Snellen lines 
improvement at 1 year 

 <0.01 (IH better) 

 Luckie et al. 168   59, mixed  15/30 eyes deteriorated 
 ³ 2 lines at 6 months 

 6/29 eyes deteriorated  ³ 2 lines 
at 6 months 

 0.029 (IH worse) 

 Wolf et al. 300   40, mixed  Mean change in VA 1.5 lines a   Mean change in VA −1.5 lines a   <0.01 (IH better) 

   CRVO  central retinal vein occlusion,  IH  isovolumic hemodilution,  VA  visual acuity 
  a No standard deviation reported, but standard error of mean shown in a  fi gure  

   Recipe    for Isovolumic Hemodilution 

 Although there are variations in details, the general idea in IH regimens is similar. In one scheme, 
patients undergo withdrawal of 10 ml/kg/day of whole blood with the simultaneous infusion of 
hydroxyethylamidon 200,000. This is repeated daily until the hematocrit falls to 35%. After the 
goal has been reached, further blood is withdrawn to maintain hematocrit at or below 37% for 
6 weeks. In the elderly or fragile patient, the hematocrit target is relaxed to 38%. 84  In another regi-
men, 500 ml of whole blood is withdrawn when the hematocrit is 45% or greater, but only 250 ml 
if hematocrit lies between 40% and 45%, and none withdrawn when hematocrit drops below 40%. 
In both cases, 250 ml of low molecular weight hydroxyethyl starch is given as a plasma expander. 98  
In some versions, intravenous and oral pentoxifylline is given adjunctively for 12 weeks. 98   
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 With the same rationale as in CRVO, IH has 
also been used in the treatment of BRVO. The 
hematocrit is reduced to a target of 35% based on 
work demonstrating this hematocrit to be the opti-
mum for oxygen delivery. 45  In a randomized con-
trolled clinical trial of 34 patients with BRVO, the 
IH group obtained statistically signi fi cantly better 
VA on average at the 1 year outcome than the con-
trol group (logMAR VA improvement of 0.43 vs. 
0.17,  P  = 0.03). 45  Of the IH group, 28% required 
GL for persistent macular edema compared to 
44% for the control group ( P  > 0.05). 45  In a case 
series of 30 patients, IH for 10 days achieved the 
intended goals of reduced hematocrit, plasma vis-
cosity, and erythrocyte aggregation. The arterio-
venous passage time of the affected sector of the 
retina on  fl uorescein angiography on average fell 
20%, whereas that of the unaffected sector did not 
change. 232  On color Doppler imaging, the resistive 
index of the central retinal artery was decreased 
after hemodilution. 285  As for CRVO and for the 
same reasons, IH has not been adopted for treat-
ment of BRVO. 161  ,  231  ,  253  The treatment has evolved, 
making it dif fi cult to assess which parts have a 
bene fi cial effect – the hemodilution, the associ-
ated use of heparin, anti-vitamin K drugs, GL, or 
sector panretinal photocoagulation. 231    

    13.1.4   Plasmapheresis 

 In certain cases of CRVO, serum immunoglobu-
lin levels may be elevated, producing a hypervis-
cosity syndrome. Such cases may arise in the 
setting of connective tissue diseases such as sys-
temic lupus erythematosus. In these instances, 
plasmapheresis has occasionally been used with 
anecdotal effectiveness. 65   

    13.1.5   Treatment 
of Hyperhomocysteinemia 
in Patients with Retinal 
Vein Occlusions 

 Hyperhomocysteinemia and low plasma folate 
concentration have been associated with BRVO. 295  

A 1 ng/ml increase in plasma folate concentration 
is associated with an odds ratio for CRVO of 0.63 
(protective effect), presumably through the inter-
mediation of lowered plasma homocysteine. 294  
Plasma homocysteine is in fl uenced by intake of 
folate and vitamins B6 and B12. 40  In adults, sup-
plementing folate intake by 0.5–5 mg/day reduces 
plasma homocysteine concentration approxi-
mately 25%. Supplementing vitamin B12 intake 
by 0.5 mg/day further reduces plasma homo-
cysteine concentration approximately 7%. 25  ,  40  
Therefore, the issue of reduction of plasma homo-
cysteine by folate and B vitamin supplementation 
has been raised. There have been no randomized 
clinical trials that substantiate the ef fi cacy of sup-
plementing these vitamins on incidence of RVO, 
and the issue is controversial. 40  ,  284  Prospective 
studies would be worthwhile to guide clinical 
decision making. 294  ,  295    

    13.2   Treatment of Previously 
Unsuspected Risk Factors 
for Retinal Vein Occlusion 

 Aside from attempting to reverse thrombosis in 
acute RVO, one aim of medical intervention is to 
determine if there are undetected systemic or 
ocular risk factors. If there are, such as hyperten-
sion or primary open-angle glaucoma, then ame-
liorating these risk factors may prevent subsequent 
RVO in the same or fellow eye (see Chap.   6    ). 253  

 A common clinical scenario is for a patient 
with an RVO to have an elevated blood pressure 
in the ophthalmologist’s of fi ce. It may be deduced 
that the patient has undetected hypertension. 
However, the deduction may be erroneous. The 
elevated blood pressure may be a response to 
emotional stress associated with the visual loss. 
If antihypertensive medication is prescribed and 
the patient is not hypertensive, the risk of iatro-
genic arterial hypotension could aggravate the 
visual loss by exacerbating retinal hypoperfu-
sion. This could be especially noteworthy in cases 
with concomitant cilioretinal arteriolar 
insuf fi ciency. 102  It is probably wiser to refer the 

http://dx.doi.org/10.1007/978-1-4614-3439-9_6
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patient to the patient’s internist or family practi-
tioner to determine if arterial hypertension is 
truly present, as determined by multiple blood 
pressure recordings under less stressful condi-
tions, than to make a potentially spurious diagno-
sis of arterial hypertension based on a single 
reading in the ophthalmologist’s of fi ce on the day 
of diagnosis of an RVO.  

    13.3   Mechanism of Action 
of Speci fi c Ophthalmic 
Treatments 

    13.3.1   Treatments for Macular 
Edema 

 Treatments for ME associated with RVO include 
intravitreal injections and implants of corticoster-
oids, intravitreal injections of anti-VEGF drugs, 
hyperbaric oxygenation, pars plana vitrectomy, 
arteriovenous sheathotomy, chorioretinal anasto-
mosis, thrombolysis, intravitreal injections of 
plasmin, and grid laser photocoagulation 
(Fig.  13.1 ). Treatments for ME from RVO can 
potentially work by multiple mechanisms, 
although the proportion of bene fi t from each 
mechanism may differ across treatments. Apart 
from their bene fi cial effects in reducing ME, in 
some cases these treatments improve oxygen-
ation of the retina and reduce the commonly 
associated serous detachment of the macula, both 
of which may also bene fi cially affect VA. 260  
These ancillary bene fi ts may explain some of the 
differences in VATR across treatments.  

 Grid laser for macular edema would be 
expected to improve inner retinal oxygenation 
and the balance of VEGF and pigment epithelial 
derived growth factor (PEDF) (Fig.  13.2 ). 172  ,  201  ,  265  
Increased retinal oxygenation would be predicted 
to have a vasoconstrictive effect, which should 
bene fi cially affect ME. 266  The effect of GL to 
constrict macular arterioles and veins has been 
found in two studies, but not in another. 7  ,  169  ,  172  In 
an experimental model using cynomolgus mon-
keys, GL reduced retinal capillary area in the 

region treated. 299  The photoreceptors and retinal 
pigment epithelial cells between burns were not 
altered beyond a few days. 299  Although laser 
photocoagulation transiently increases the expres-
sion of VEGF and intercellular adhesion mole-
cule-1 (ICAM-1) in animal models, the persistent 
effect of increased oxygenation of the retina pre-
dominates in the long term and reduces vascular 
permeability. 199   

 Vitrectomy for ME associated with RVO may 
work by:

   Removing vitreomacular traction  • 
  Removing the scaffold for growth of new • 
vessels  
  Removing cytokines that increase retinal vas-• 
cular permeability  
  Improving retinal oxygenation via convection • 
currents of aqueous bringing posteriorly more 
oxygenated  fl uid from the ciliary body or in 
the case of BRVO from other regions of the 
retina not drained by occluded veins  
  Facilitating egress of blood and extracellular • 
 fl uid out of the retina (possibly ampli fi ed by 
ILMP)  
  Improving perifoveal capillary blood  fl ow • 
(Fig.  13.3 ) 60  ,  171  ,  176  ,  177  ,  200  ,  205  ,  253  ,  265  ,  269  ,  282  ,  287  ,  288  ,  310  ,  312      

 In particular, vitrectomy may reduce the intra-
vitreal concentration of VEGF. A greater effect 
of this intervention has been seen in eyes with 
higher preoperative concentrations of VEGF. 312  
Peeling of the internal limiting membrane may 
amplify its effects (Fig.  13.4 ). 176  It has been sug-
gested that vitrectomy accelerates the maturation 
of collateral vessels after BRVO, but no evidence 
exists one way or the other. 311   

 Arteriovenous sheathotomy (AVS) for BRVO 
is usually accompanied by vitrectomy, which 
itself reduces ME. 310  The sheathotomy may also 
work by improving perfusion to the retina drained 
by the occluded vein, reducing intravascular 
venous pressure, and therefore decreasing the 
driving force for ME. 265  In most eyes with RVO 
examined by timed  fl uorescein angiography after 
AVS, the circulation time to the involved retina 
decreases. However, it is unknown whether this 
represents an improvement over the natural his-
tory, since controls have not been studied. 309  
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 Systemic, periocular, and intravitreal corti-
costeroids work in treating macular edema asso-
ciated with RVO presumably by downregulating 
the expression of cytokines and chemokines 
inclu ding VEGF, tumor necrosis factor- a  

(TNF- a ), ICAM-1, macrophage inhibitory pro-
tein-1 b , and interleukin-1 b  (IL-1 b ). 183  ,  193  ,  198  ,  222  
In a pig model of BRVO, IVTI downregulated 
VEGF and prevented a decrease in occludin. 183  
These eff ects lead to reestablishment of the 
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  Fig. 13.1    Diagram summarizing the mechanism of action of the various treatments for macular edema in retinal vein 
occlusion       
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blood–retina barrier and less expression of 
in fl ammatory markers and secondary leukosta-
sis. 183  ,  198  ,  222  Cortico steroids may also have a 
neuroprotective effect. 152  ,  319  After intravitreal 
injection of corticosteroids, a fraction of eyes 
develop elevated intraocular pressure, which by 
itself tends to reduce macular edema through 
the action of Starling’s law (see Chap.   2    ). 124  The 
intraocular pressure-raising side effect of ste-
roids seems to derive from alterations in the 
extracellular matrix of the trabecular meshwork 
with decreased intertrabecular spaces. 152  

 Intravitreal anti-VEGF drugs block the 
angiogenic and vasopermeability effects of 
VEGF. 265  VEGF stimulates endothelial produc-
tion of nitric oxide, a vasodilator. Anti-VEGF 
drugs, thus, theoretically reduce nitric oxide 
leading to vaso constriction, a common effect 
observed in the fun dus after intravitreal injec-
tion of these drugs. Vasoconstriction reduces 
macular edema independent of the effect on 
vascular permeability. 115  ,  317  

Occluded
blood vessels

O2

O2

Vitreous

Retina

PE

Choroid

  Fig. 13.2    Effect of laser 
photocoagulation on retinal 
oxygenation. After laser 
photocoagulation, choroidal 
oxygen passes more readily 
through the photocoagulation 
scars to the inner retina, thus 
raising tissue oxygen 
concentration (Redrawn from 
Stefansson et al. 269  )        

  Fig. 13.3    Effect of vitrectomy on retinal oxygenation. After 
vitrectomy, oxygen from the ciliary body and from nonisch-
emic zones of the retina circulates in the  fl uid of the vitrecto-
mized eye and carries oxygen to the ischemic zone of retina 
( shaded region  on the right side), thereby raising the oxygen 
tension of the tissue (Redrawn from Stefansson et al. 269  )        
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  Fig. 13.4    Hypothesized 
mechanism of action of 
internal limiting membrane 
peeling to reduce macular 
edema associated with CRVO. 
( a ) In the normal retinal 
capillary, there is no excess 
leakage of the plasmatic 
component of the blood from 
the vascular space into the 
interstitium. ( b ) In CRVO, the 
vessel is hyperpermeable 
from the effects of cytokines 
such as VEGF. ( c ) A 
thickened and contracted 
internal limiting membrane 
exerts traction and increases 
vessel permeability more 
(Redrawn from Kuhn et al. 153  )        

   Relative Corticosteroid Potencies 

 Many corticosteroids have been used in treating the effects of RVOs including dexamethasone, 
triamcinolone, and  fl uoci nolone. These drugs vary in potency, which has implications regard-
ing the volume of drug that must be given to achieve desired effects, especially in sustained 
release forms. Dexamethasone and  fl uoci nolone are each  fi ve times as potent on a weight basis 
as triamcinolone; hence, it is not surprising that sustained release devices for intraocular inser-
tion have been formulated from dexamethasone and  fl uocinolone, but not triamcinolone.  
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 Isovolumic hemodilution is thought to work by 
decreasing blood viscosity, which has been asso-
ciated with both CRVO and BRVO. 286  Decreased 
viscosity of the blood is thought to improve reti-
nal blood  fl ow and retinal oxygenation. 

 Plasmin is a serine protease involved in the 
 fi brinolysis biochemical pathway. It leads to prote-
olysis of  fi brin, laminin, and  fi bronectin, and when 
injected into the vitreous produces a posterior vit-
reous detachment (PVD). 245  This action may pro-
vide the bene fi ts of vitrectomy for ME associated 
with RVO but without the risks of surgery. 245  

 Tissue plasminogen activator (TPA) is a throm-
bolytic agent with a high af fi nity for  fi brin. It splits 
plasminogen to plasmin almost exclusively in 
 fi brin clots. Its advantages over the older  fi brinolytic 
agents streptokinase and urokinase include lack of 
antigenicity and higher ef fi cacy in lysing older 
thrombi. 83  Intravitreal injection of TPA may work 
by a thrombolytic mechanism, by inducing a pos-
terior vitreous detachment, thus improving intrav-
itreal oxygen concentration, or by a combination 
of both mechanisms. If it does work by a throm-
bolytic mechanism, it must diffuse through the vit-
reous, the intervascular retina, and the retinal 
venous wall, a phenomenon that has not been 
demonstrated. In fact, experimental evidence in 
rabbits suggests that does not occur. 83  ,  131  ,  245  

 A fraction of patients with macular edema do 
not respond to treatments designed to reduce the 
edema, hence the frequent reports of patients who 
have undergone a series of methods of treatments. 209  
Therefore, futility of treatment applies to a small 
but unfortunate fraction of patients with RVO. The 
de fi nition of futility varies across physicians, 
patients, and over time in any particular patient.   

    13.3.2   Treatments for Intraocular 
Neovascularization 

 Panretinal photocoagulation (PRP) for proliferative 
retinopathy after RVO presumably works by rais-
ing the oxygen concentration of the inner retina and 
lowering the intraocular level of VEGF in analogy 
to what occurs after PRP for proliferative diabetic 
retinopathy. 5  Aqueous levels of VEGF drop after 

PRP for ASNV in RVO. 23  ,  166  Oxygen diffuses from 
the choroid through the photocoagulation scar to 
the hypoxic inner retina, thereby raising its oxygen 
concentration (Fig.  13.2 ). 7  ,  265  ,  267  ,  269  Sector PRP con-
stricts retinal veins and collateral veins in the 
treated sector of the retina. 81  ,  172  Laser photocoagu-
lation can downregulate VEGF and upregulate the 
expression of PEDF, which can antagonize the 
effects of VEGF and stabilize the blood–retina bar-
rier. 172  ,  201  Sector PRP has also been described as an 
effective treatment for serous macular detachment 
from BRVO involving the midperipheral retina and 
not the macula. In this case, presumably the PRP 
impro ves outward pumping of subretinal  fl uid by 
the retinal pigment epithelial pump. 273  

 Intravitreal injections of anti-VEGF drugs cause 
regression of intraocular neovascularization by 
blocking the angiogenic actions of VEGF. 6  ,  17  ,  173  

 Vitrectomy causes regression of posterior seg-
ment neovascularization after RVO by removing 
the vitreous scaffold. 242  ,  315  In the absence of some 
other interventions such as PRP or intravitreal 
injection of an anti-VEGF drug, the tendency of 
eyes with signi fi cant retinal ischemia to develop 
anterior segment neovascularization (ASNV) per-
sists despite vitrectomy.   

    13.4   Results of Clinical Studies 
of Treatments for Macular 
Edema Secondary to Retinal 
Vein Occlusions 

    13.4.1   Branch Retinal Vein Occlusion 

    13.4.1.1   Grid Laser 

 Grid laser for ME after BRVO has been done 
mostly with the argon green laser (514 nm), but 
similar techniques with similar results have been 
reported with the diode laser (810 nm) and the 
krypton laser (647 nm). 70  ,  219  Many early uncon-
trolled series suggested a bene fi cial treatment 
effect of GL. 22  ,  35  ,  123  ,  148  A small randomized clini-
cal trial, however, showed no bene fi cial effect of 
argon-laser grid photocoagulation. 255  
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 To settle the issue of ef fi cacy, a randomized 
controlled clinical trial known as the Branch Vein 
Occlusion Study (BVOS) was done. In the BVOS, 
GL photocoagulation was withheld for at least 
3 months after onset of symptoms because sponta-
neous improvement of macular edema and VA can 
occur in 20–40% of cases. 70  ,  107  ,  144  ,  277  The delay was 
frequently longer because of the need for suf fi cient 
clearing of hemorrhage to allow  fl uorescein 
angiography (FA) for assessment of capillary per-
fusion and application of GL. In one study, the 
average time between BRVO diagnosis and GL 
was 5.8 months. 71  In the BVOS, eyes with macular 
capillary nonperfusion, progressive decrease in 

BCVA, and eyes with marked CME were speci fi -
cally excluded. 78  ,  277  No eye was treated until the 
macular hemorrhage had cleared suf fi cient to 
grade an FA for ischemia. 277  

 In the BVOS, GL burns were prescribed to be 
100  m  in diameter. 277  Burns were speci fi ed to 
involve the entire area of ME but to extend no 
closer to the center of the macula than the border 
of the foveal avascular zone (FAZ) and were not 
to extend further from the macula than the associ-
ated major temporal vascular arcade (Figs.  13.5  
and  13.6 ). Burns were spaced one burn width 
apart over the area of the grid. The number of 
burns needed for a treatment depends on the size 

  Fig. 13.5    A    56-year-old man with macular BRVO and 
best corrected visual acuity of 20/30 had macular edema. 
( a ) A few microaneurysms are seen superotemporal to the 
macula of the right eye. ( b ) A frame from the mid-phase 
 fl uorescein angiogram shows hyper fl uorescent microan-
eurysms and some dilated capillaries superotemporal to 
the foveal avascular zone. ( c ) A frame from the late-phase 
 fl uorescein angiogram shows petalloid hyper fl uorescence 
in the area of the microaneurysms. ( d ) A red-free, 
magni fi ed view of the macula before the application of 
grid laser on 11/18/2010 is useful as a comparison with 

posttreatment photographs in ( e ,  f ). ( e ) A posttreatment, 
red-free photograph of the macula taken on 3/24/2011 
shows faint laser scars and some shrinkage of some 
microaneurysms and enlargement of others. ( f ) A post-
treatment color photograph shows faint laser scars (the 
 arrows ). Bevacizumab on 3/24/2011 did reduce edema, 
and vision improved to 20/20. ( g ) A baseline line-scan 
OCT shows macular thickening. ( h ) A line-scan OCT 4 
months after grid laser shows persistent macular thicken-
ing. ( i ) A line-scan OCT one month after bevacizumab 
shows incomplete resolution of the macular thickening         
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of the edematous area, but one study in which 19 
patients received grid laser reported that 65 ± SD8 
burns were necessary to cover the area. 219    

 In the BVOS at the end of 3 years of follow-
up, 65% of treated eyes gained two or more 
Snellen lines of VA, and 60% attained 20/40 or 
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Fig. 13.5 (continued)

  Fig. 13.6    Appearance of argon green grid laser 
photocoagulation treatment immediately after the 
procedure. Burns are recommended to be made with the 
100- m  spot diameter setting, to be 0.1 s in duration, and 
of power suf fi cient to give a medium white burn. Grid 
laser covers the area of thickening from the edge of the 
foveal avascular zone to as far peripheral as the major 
vascular arcade 186        
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better VA. In the untreated control group, the 
comparable percentages were 37% and 34%, 
respectively. The mean change in VA in the treat-
ment group was 1.3 lines of VA. The treatment 
effect was smaller for eyes with poorer baseline 
VA. Hypertension had a suggested negative 
in fl uence on the effect of grid laser. Patients had 
a larger treatment effect if they were treated 
within 1 year of onset of the occlusion, but treat-
ment was bene fi cial when given past 1 year. 277  

 The consensus of the BVOS was that GL should 
be performed in eyes with ME of at least 3 months 
duration and a VA of 20/40 or worse with an FA 
showing capillary perfusion and absence of blood 
involving the fovea. 277  The BVOS provided the 
basis for GLs serving as the standard treatment of 
ME associated with BRVO from 1984 to 2010, 
when the better results of intravitreal ranibizumab 
injections (IVRI) compared to placebo in the 
BRAVO study led to a shift away from GL, despite 
no head-to-head trial of IVRI versus GL. 

 The time course for thinning of the macula 
after GL is generally 3–6 months. 219  If measure-
ments are made in the  fi rst 3 months, there may 
be early paradoxical increased thickening of the 
macula. 58  Sometimes treatment must be repeated 
because of persistence of ME. In the BVOS, the 
mean number of treatments given over 3 years 
was 1.4, and the range of number of lasers given 
was 1–5. 71  ,  277  Some cases of macular edema 
resolve more slowly after grid laser and may take 
12 months. 195  ,  277  It is controversial whether to 
persist with further grid laser treatment or switch 
to an alternative therapy. The argument against 
waiting longer is that long persistence of macular 
edema could lead to a poorer prognosis. 195  

 It is probable that the execution of GL has 
changed over the past 25 years with smaller, 
lighter spots in analogy to the treatment of dia-
betic macular edema. 62  GL for BRVO with ME is 
also probably given more frequently now than at 
the time of the BVOS. For example, in the 
Standard Care Versus Corticosteroid for Retinal 
Vein Occlusion (SCORE) BRVO study, the 
median number of GL treatments for the  fi rst 
12 months was 1.5, a higher number than in the 
BVOS. This was so, even though in the SCORE 
study 28% of eyes had dense macular hemor-
rhage and could not receive grid laser at baseline, 

but had to wait for clearing of the hemorrhage to 
allow application of laser. 281  

 Re-treatment criteria for GL have changed over 
time. There were no OCT criteria at the time of the 
BVOS, but in the SCORE study, eyes were reeval-
uated at 4-month intervals and retreated unless the 
OCT CPT was less than 225  m , the VA was 20/25 
or better, maximal GL had been given, or there had 
been two consecutive GL treatments with a macu-
lar thinning response less than 50  m  and less than 
20% of the macular thickening present at the start 
of the interval considered. 281  In eyes not retreated 
by these criteria, GL was deemed futile. 281  

 The SCORE BRVO study provides outcome 
information for eyes with BRVO treated with 
contemporary-style GL. The mean changes in 
VA at 1, 2, and 3 years were 4.2, 11.3, and 12.9 
ETDRS letters. 281  The percentages of eyes with 
complete resolution of OCT-measured macular 
edema as assessed by center point (CPT) thick-
ness (i.e., CPT < 250  m ) at 1, 2, and 3 years were 
53%, 67%, and 73%, respectively. Median CPT 
at 1, 2, and 3 years was 354, 233, and 171  m , 
respectively, from a baseline median of 501  m . 281  
In another study using a contemporary version of 
the BVOS regimen, 82% of the eyes had resolu-
tion of macular edema by clinical examination 
after an average follow-up of 17.5 months. 71  

 The chance of improvement with more than one 
GL treatment when eyes have persistent ME is pre-
dicted by the response to the  fi rst GL treatment. 71  In 
one study, if the response to the  fi rst laser treatment 
was improvement or stable VA, then a positive VA 
response to additional GL treatments was pre-
dicted. 71  Conversely, if a patient demonstrated 
worsening of VA of two or more Snellen lines, only 
one-third improved by two or more Snellen lines 
from the baseline VA if further GL was given. 71  

 Although the BVOS proved the ef fi cacy of 
grid laser for BRVO with macular edema, this 
result was not replicated in a single-center ran-
domized controlled trial con fi ned to macular 
BRVO in which the treatment produced out-
comes no better than controls. 218  In another study 
of GL for macular BRVO with ME by the same 
group, the issue of treatment timing in patients 
with macular BRVO and macular edema was 
addressed. One hundred thirty-seven eyes were 
randomized to observation, early GL (3 months 
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after diagnosis), or delayed GL (6–18 months 
after diagnosis). After 2-year follow-up, the 
visual outcomes were not different among 
the three groups. 18  It is therefore possible that the 
conclusions of the BVOS apply more to eyes with 
major BRVO with ME than to macular BRVO 
with ME. 

 One possible reason for the modest ef fi cacy of 
GL for ME in BRVO is the unsuspected presence 
of subretinal  fl uid present in 29–71% of cases 
(see Chap.   7    ). 142  ,  196  Subretinal  fl uid may prevent 
laser treatment from achieving the desired visual 
end point of a light gray burn. The operator may 
treat more heavily to obtain an end point and may 
impair the outcome. 142  Combining GL with phar-
macologic pretreatment to dry up the subretinal 
 fl uid may address this obstacle, but has not been 
tested in clinical trials. 142  

 The BVOS speci fi cally excluded eyes with 
macular ischemia. However, in a different study, 
GL was applied to such eyes. In eyes with macu-
lar BRVO and ME that had disruption of 25–50% 
of the FAZ border in 88–90% of cases, VA or 
resolution of edema was no better in the treat-
ment group than in the control group. 218  An ear-
lier study with a less precise de fi nition of macular 
ischemia and broader inclusion criteria that 
allowed major BRVO with ME also reported that 
GL for ME in the presence of macular ischemia 
was ineffective in improving VA, although ME 
reduction was achieved. 255  Together with evi-
dence that ischemic macular BRVO with ME 
often shows spontaneous resolution of edema and 
improvement in VA, there is little rationale to 
apply GL to such eyes. 78  

 Grid laser treatment has been combined with 
laser treatment to the arteriole feeding the 
involved sector of retina, so-called arterial crimp-
ing, with a suggestion of greater ef fi cacy than 
grid laser alone. 70  ,  123  The underlying idea is to 
reduce arterial in fl ow, thereby reducing the 
intraluminal pressure in the damaged capillaries 
of the involved sector. To accomplish this, laser 
spots are applied to the arteriole feeding the 
occluded area at one-half disc diameter intervals 
using a spot diameter greater than the arteriolar 
width and suf fi ciently intense to constrict the 
arteriole. In a randomized trial of 72 eyes, there 
was a suggestion of improved resolution of ME 

with grid laser together with arterial crimping. 
Statistical signi fi cance was not achieved. 61  

 In addition to its use in ME, GL has been pro-
posed as a treatment for serous retinal  detachment 
of the macula and extramacular retina in cases of 
ischemic BRVO. 220  In a prospective randomized 
clinical trial of 31 patients with this condition 
treated followed for 24 months, GL was associated 
with improved visual and anatomic outcomes. In 
the GL group, 40% of eyes gained three or more 
Snellen lines of VA compared to none in the con-
trol group. The mean difference in subretinal  fl uid 
resorption time was 9.1 months for the GL group 
compared to 15.8 months in the control group. 220  

 A disadvantage of GL is that it must be with-
held until hemorrhage has cleared enough to assess 
 fl uorescein angiography and apply the treatment. 
During this time, there may be damage to the  retina 
from the edema. In contrast, intravitreal injection 
therapy, vitrectomy, or AVS can be admini stered 
during the acute phase when there may be a greater 
chance of salvaging viable retinal tissue. 53  Another 
disadvantage is that the treatment is inherently 
destructive and can induce paracentral scotomata, 
enlarging scars, secondary choroidal neovascular-
ization, diffuse subretinal  fi brosis, and worsening 
visual  fi eld sensitivity. 30  ,  80  ,  122  ,  163  ,  247  ,  270  Finally, GL 
has a modest treatment effect to reduce ME, and 
many patients fail to respond and must be treated 
with other techniques. 210  

 Although the BVOS demonstrated better 
results than observation for a regimen with at 
least 3 months of observation after the acute 
BRVO, others have advocated and reported case 
series with grid laser applied within a week of 
presentation. 188  In the absence of a control group, 
the interpretation of the results is dif fi cult, and 
early intervention with GL has not been adopted 
or tested in a clinical trial. 

 Some patients receiving intravitreal injections 
of anti-VEGF drugs for BRVO with ME desire 
less frequent injections, and for such patients, the 
application of grid laser has been offered for the 
purpose, although whether this alternative treat-
ment truly reduces the need for further anti-VEGF 
drug injections has not been demonstrated. 89  

 A cost-effectiveness study for treatment of 
macular edema associated with BRVO showed 
that treatment was worthwhile. The study found 

http://dx.doi.org/10.1007/978-1-4614-3439-9_7
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that $6,118 were expended per quality-adjusted 
life year (QALY) gained, a justi fi able value based 
on guidelines by which treatments costing less 
than the per capita gross domestic product per 
QALY are deemed very cost-effective. 246  

 Hypertension has a suggestive negative 
in fl uence on response to grid laser for ME asso-
ciated with BRVO. 277   

    13.4.1.2   Subthreshold Grid Laser 
Treatment 

 Conventional GL treatment produces visible burns 
and chorioretinal scars. Subthreshold grid laser 
(SGL) is a modi fi cation of this approach using a 
diode laser with wavelength 810 nm. 219  In SGL, 
micropulses of laser energy are applied rather than 
continuous laser burns. This technique limits the 
spread of laser energy and causes less collateral 
damage to the surrounding tissue. Different studies 
have employed different laser settings. Laser expo-
sures have varied from 0.2 to 0.3 s, duty cycles from 
10–15%, patterns used from noncontiguous spots to 
contiguous spots, and treatment number from one 
to several. 219  ,  221  Laser power is determined by adjust-
ing the setting in the continuous mode until a 
medium-white burn is achieved in an area of macu-
lar edema, then converting to the micropulse mode. 
With this approach, the laser burns are invisible. 219  

 In general, results with SGL are similar to those 
obtained with conventional GL without the retinal 
scarring but with somewhat slower onset of macular 
thinning. Whereas a single threshold GL treatment 
produces a macular thinning response complete by 
6 months, with SGL the response is not complete 
for 12 months, although the amplitude of response 
is as large as with threshold laser treatment. 219  

 Combining SGL with IVTI has improved 
visual outcomes and sped reduction in edema, 
but only pilot studies have been done. 221  A similar 
approach using a Nd:YLF laser (   wavelength 
527 nm, 1.7  m s pulse,100 Hz train) is undergoing 
a clinical trial in BRVO with ME. 26   

    13.4.1.3   Sector Panretinal Laser 
Photocoagulation 

 Sector panretinal laser photocoagulation (PRP) for 
macular edema associated with BRVO has been 

described in case reports and small case series. 119  In 
one series of  fi ve patients, ME regressed in all 
patients. In the absence of a  control group, it is not 
possible to know if this outcome is an improvement 
over the natural history. 148  Sector PRP was a part of 
the treatment regime in a study of intravitreal beva-
cizumab injections for ME associated with 
BRVO. 144  It was used in the eyes with ten or more 
disc diameters (DD) of ischemia as a prophylaxis 
against retinal neovascularization, but it may have 
contributed to the effect of the injectional therapy 
on the ME too. 144  The rationale is to eliminate 
regions of ischemic retina that may be a source of 
VEGF contributing to macular edema. 119  

 Sector PRP has also been described in a case 
of ischemic BRVO with vitreomacular traction 
and ME with the intent of surgery being to induce 
PVD. The intended change occurred, but whether 
the treatment was responsible for the favorable 
outcome is not possible to say. 120   

    13.4.1.4   Intravitreal Injection 
of  Anti-vascular Endothelial 
Growth Factor Drugs 

 Treatment with anti-VEGF drugs is rational 
because VEGF levels are elevated in eyes with 
BRVO and ME and VEGF levels correlate with 
area of capillary nonperfusion and severity of 
ME. 197  ,  216  VEGF theoretically could exacerbate 
microangiopathy and ischemia, which could be 
prevented with anti-VEGF drugs. 3  ,  283  

 Ranibizumab and bevacizumab are directed 
against an epitope common to all VEGF iso-
forms. 3  Bevacizumab is a full-length monoclonal 
antibody derived from a mouse that has been 
humanized. It was designed for intravenous treat-
ment of metastatic colorectal cancer, but is used 
extensively and ef fi caciously in off-label treat-
ment of retinal diseases in which elevated VEGF 
plays a role. Bevacizumab penetrates all layers of 
the retina after intravitreal injection in animal 
models. With a molecular weight of 149 kDa, its 
aqueous half-life after intravitreal injection is 
9.8 days. 150  Ranibizumab is a monoclonal anti-
body fragment from a mouse that has been 
humanized and af fi nity-matured for tighter bind-
ing to VEGF. It has a molecular weight of 48 kDa 
and a half-life after intravitreal injection of 
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between 3 and 9 days. Pegaptanib is a ribonucleic 
acid aptamer directed against an epitope found 
only in VEGF 

165
  304  It blocks VEGF 

165
  selec-

tively. 304  The clinical usefulness of all three anti-
VEGF drugs in macular edema associated with 
BRVO has been established in case reports, 
series, and clinical trials. 14  ,  91  ,  243  ,  261  ,  304  

 The published treatments vary by drug and by 
injection regimen. The experience is greatest with 
bevacizumab and ranibizumab. Less information 

has been published for pegaptanib. Various rein-
jection regimens have been used including a series 
of 2–6 monthly injections followed by pro re nata 
(prn) injections, a regimen of monthly injections 
until edema resolves or futility is reached fol-
lowed by prn injections that depend on VA and 
OCT central sub fi eld mean thickness (CSMT), a 
prn regimen from the beginning, injections given 
according to complicated schedules or based on 
OCT thresholds (Table  13.4 ), and a regimen based 

   Table 13.4    Rules guiding reinjections of anti-VEGF drugs   

 Study/drug/type of RVO  Reinjection rules 
 Number of injections 
in  fi rst year 

 Jaissle et al. 122 /B/BRVO  1. Exam every 6 weeks  3.4 
 2. Reinject if CSMT thickened and VA  £ 20/32 

 Campochiaro et al. 37 /R/both  1. Exam every 4 weeks for 6 months, then at months 
9 and 12; exam every 8 weeks during year 2 

 9 

 2. Reinject if OCT showed foveal edema (threshold not 
de fi ned) with no visual acuity criterion 

 Hoeh et al. 112 /B/both  1. Reexamine every 6–8 weeks  4.1–4.9 over 
59–61 weeks  2. Reinject if any morphologic evidence of edema 

regardless of CSMT 
 Wroblewski et al. 304 /P/BRVO  1. Three injections at 6- week intervals regardless of 

 fi ndings 
 7.2 

 2. Reinject every 6 weeks per clinician discretion 
 Priglinger et al. 226 /B/CRVO  1. Two injections a month apart for all  Median 3 in 6 months 

 2. If CSMT  £ 225  m  and vision  ³ 20/30, observe (success) 
 3. Monthly follow-up; if successful, but CSMT increases 

 ³ 50  m  and vision drops by  ³ 5 ETDRS letters, reinject 
 Wu et al. 305 /B/BRVO  Reinject if persistent or recurrent macular edema  1.5–2 over mean 

35.2 weeks 
 BRAVO 36 /R/BRVO  Six monthly injections from month 6 to 12, then monthly 

reinjection if VA  £ 20/40 or stratus OCT CSMT  ³ 250  m  
 NYR 

 Kondo et al. 144 /B/BRVO  Reinject if recurrent macular edema (unde fi ned)  2.0 
 Russo et al. 243 /B/BRVO  Reinject at follow-up if edema present (unde fi ned)  1.9 
 Puche et al. 191 /R/both  Reinject if visual acuity drops  ³ 5 ETDRS letters and 

CSMT  ³ 300  m  
 2.1/7 months a  

 Gutierrez et al. 91 /B/both  Reinject every 4 weeks if CSMT  ³ 250  m   1.5/6 months 
 Prager et al. 225 /B/CRVO  Monthly injections ×3, then monthly prn if OCT showed 

intraretinal or subretinal  fl uid or CSMT  ³ 250  m  
 8 

 Risard et al. 236 /R/CRVO  Monthly injections of ×3, then quarterly prn if OCT 
showed CSMT  ³ 250  m  

 5.7 

 Costa et al. 55 /B/CRVO 
and HCRVO 

 Injection q 3 months  5 

 Gregori et al. 87 /B/CRVO  Follow-up q 4–8 weeks with reinjection for persistent or 
recurrent ME as deemed necessary by physician 

 Mean 3.2 over 
12 months 

 VA not a re-treatment criteria 
 Hsu et al. 117 /B/CRVO  Clinical or OCT evidence of persistent macular edema, OR  Mean 2.4 over mean 

18.1 weeks  Failure to improve vision 
 CRUISE 29 /R/CRVO  Six monthly injections from month 6 to 12, then monthly 

reinjection if VA  £ 20/40 or stratus OCT CSMT  ³ 250  m  
 NG a  

   NYR  not yet reported (as of 2011),  CSMT  central sub fi eld mean thickness,  NG  not given 
  a Mean follow-up  
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entirely on physician discretion. 36  ,  89  ,  91  ,  144  ,  241  ,  243  ,  304  ,  305  
In clinical practice, it is dif fi cult to be rigid in a 
treatment regimen.  

 The ef fi cacy of ranibizumab in the treatment of 
BRVO with ME was proven in the BRAVO study 
in which 397 patients were randomized 1:1:1 to 
receive baseline and then monthly intravitreal 
ranibizumab injections (IVRI) of 0.3, 0.5 mg, or 
sham injections, respectively, through 6 months. 
With seven initial injections and then continued, 
but fewer, injections through 2 years, sustained 
reductions in ME and improvement in BCVA 
through 2 years were possible. The mean change 
from baseline in BCVA letter score at month 6 was 
16.6 (95% CI 14.7–18.5) and 18.3 (95% CI 16.0–
20.6) for the 0.3- and 0.5-mg ranibizumab groups, 
respectively, compared to 7.3 (95% CI 5.1–9.5) in 
the sham group (Fig.  13.7 ). The percentage of 
patients who gained 15 letters or more in BCVA 
letter score at month 6 was 55.2% and 61.1% for 
the 0.3- and 0.5-mg groups, respectively, com-
pared to 28.8% of the sham group. The OCT cen-
ter point (CPT) thickness decreased by a mean of 
337  m  (95% CI 376–299) and 345  m  (95% CI 386–
304) in the 0.3- and 0.5-mg groups, respectively, 
compared to 158  m  (95% CI 196–119) in the sham 
group (Fig.  13.8 ). These changes were statistically 
signi fi cant for both dosage groups compared to the 
sham group. The effects were rapid with statisti-
cally signi fi cant effects on VA noted by day 7. 36    

 From months 6–12, patients in the BRAVO 
study were evaluated monthly both clinically and 
with OCT. 28  In the 0.3- and 0.5-mg ranibizumab 
groups, reinjection was given if BCVA was 20/40 
or less or CSMT was 250  m  or greater (termed prn 
treatment). Those patients randomized to sham 
injection were given 0.5 mg ranibizumab based 
on the same criteria. At 12 months in the 0.3- and 
0.5-mg groups, the VA and macular thinning 
responses observed with monthly dosing through 
6 months were maintained. In the sham group 
treated with prn 0.5 mg ranibizumab, the VA and 
macular thickness had improved compared to 
6 months, but not to the level of improvement of 
the 0.3- and 0.5-mg groups. 28  Speci fi cally, in the 
sham group, the mean change in letters read from 
baseline increased from +7.3 at 6 months to +12.1 
at 12 months, which was lower than the +16.4 let-
ters for the 0.3-mg group and the +18.3 mg for the 
0.5-mg group at month 12. 28  

 A smaller single-center study of 17 patients 
with BRVO and ME showed that monthly IVRI 
for 3 months followed by variable treatment the 
 fi rst year and a mean of two IVRIs in the second 
year produced a mean improvement in BCVA 
from baseline to 2 years of 17.8 letters and a 
mean foveal thickness of 245.8  m  at the end of 
year 2. 36  

 The ef fi cacy of intravitreal bevacizumab injec-
tion (IVBI) over 6 months of follow-up has been 
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  Fig. 13.7    Mean change in 
best corrected visual acuity 
letter score in the BRAVO 
clinical trial for the two 
treatment groups (ranibi-
zumab 0.3 and 0.5 mg) and 
the sham group at monthly 
intervals through month 
6.* P  < 0.0001 versus sham. 
 Vertical bars  are ±1SEM. 
 BCVA  best corrected visual 
acuity,  ETDRS  Early 
Treatment Diabetic 
Retinopathy Study 
(Reproduced with permission 
from Campochiaro et al. 36  )        

 



30113.4 Results of Clinical Studies of Treatments for Macular Edema Secondary to Retinal Vein Occlusions

demonstrated both in treatment naïve eyes and in 
eyes with a variety of previously failed treatments 
including intravitreal and periocular steroids, 
grid laser, and vitrectomy with or without AVS 
(Figs.  13.6  and  13.7 ). 14  ,  144  ,  243  ,  305  The evidence for 
ef fi cacy of IVBI comes from the weight of mul-
tiple investigator-initiated studies of lower- quality 
design, compared to the level I BRAVO study for 
ranibizumab. There is no drug company nor any 
government health body championing the use of 
IVBI for RVO and providing funds for phase III 
randomized clinical trials involving bevacizumab 
(Table  13.5 ).  

 In four retrospective and three prospective case 
series including a combined total of 166 patients 
receiving intravitreal bevacizumab injections for 
BRVO with ME and having 6 months follow-up 
data, the numbers of injections used ranged from 1 

to 3.7. The weighted initial logMAR visual acuity 
in these series was 1.00 (Snellen 20/200) com-
pared to 0.66 (Snellen 20/91) at 6 months. The 
weighted initial CSMT in these series was 495  m  
compared to 299  m  at 6 months. The weighted 
VATR for these seven case series was 8.7 let-
ters/100  m  thinning, which is comparable to the 5.3 
letters/100  m  thinning found in the BRAVO study. 

 Intravitreal pegaptanib injection (IVPI) has 
also been suggested to be effective as serial 
monotherapy for BRVO with ME. At the 0.3-mg 
dose in an uncontrolled case series of 15 patients, 
IVPI reduced ME and improved VA in patients 
over a follow-up period of 54 weeks. 304  

 In the short term, intravitreal injection of bev-
acizumab, ranibizumab, and pegaptanib reduces 
CSMT and improves VA, but the effects wear off 
and reinjections are usually necessary to main-
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  Fig. 13.8    Mean change in 
the OCT center point 
thickness in the BRAVO 
clinical trial for the two 
treatment groups (ranibi-
zumab 0.3 and 0.5 mg) and 
the sham group at monthly 
intervals through month 6. 
* P  < 0.0001 versus sham. 
 Vertical bars  are ±1SEM 
(Reproduced with permission 
from Campochiaro 
Ophthalmology 36  )        

   Table 13.5    Evidence of 
ef fi cacy of bevacizumab in 
branch retinal vein occlusion 
with macular edema   

 Study   N   VA Ini  VA 6 M  CSMT Ini  CSMT 6 M  VATR 

 Russo et al. 243   15  0.87  0.57  690  276  3.6 
 Gregori et al. 88   42  1.00*  0.74  492  320  7.6 
 Figueroa et al. 76   28  0.80  0.44  487  268  8.2 
 Chen et al. 44   24  0.96  0.83  457  323  4.7 
 Wu et al. 308   24  1.10  0.59  461  277  13.9 
 Gutierrez et al. 91   12  1.32  0.80  616  420  13.3 
 Wu et al. 308   21  1.1  0.62  385  240  16.6 

  All visual acuities are mean logMAR visual acuities except for * median initial visual 
acuity 
  N  number of subjects,  VA  visual acuity,  Ini  initial,  M  months,  logMAR  logarithm of the 
minimum angle of resolution,  CSMT  central sub fi eld mean thickness,  VATR  visual 
acuity to thinning ratio in ETDRS letters per 100  m  of macular thinning. Because vari-
ous doses of bevacizumab have not shown clinically important differences, Table  13.5  
pools studies using bevacizumab at different doses  
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tain improvements (Fig.  13.9 ). 10  ,  14  ,  36  ,  90  ,  112  ,  212  ,  225  ,  243  ,  2
64  ,  304  ,  305  The maximal effect of bevacizumab injec-
tion is seen by the second week and is sustained 
through 4–8 weeks. For bevacizumab, the maxi-
mal effect was reduction, but not elimination of 
ME after a single injection. In a series of 12 
patients with BRVO and ME, the baseline central 
retinal thickness decreased from 673 ± SD 375 to 
342 ± SD 149 at 1 month. 212  The duration of 
action of an IVPI in BRVO appears to be at most 
6 weeks and of IVBI in BRVO appears to be at 
most 8 weeks. 10  ,  112  ,  212  ,  264   

 Reinjections were required in 37–87% of 
cases treated with bevacizumab in the  fi rst year in 
various studies (Fig.  13.10 ). 91  ,  122  ,  243  Due to differ-
ent reinjection rules and variations in patient 
samples studied, the mean number of injections 
required by different regimens varies. For exam-
ple, in the case of bevacizumab, 1.5–8 injections 
were given in the  fi rst 6–12 months (Table  13.4 ) 
to maintain resolution of ME associated with 
BRVO. 14  ,  52  ,  90  ,  91  ,  112  ,  122  ,  144  ,  146  ,  147  ,  225  ,  243  ,  305  In a study of 
pegaptanib, the mean number of injections 
required over 54 weeks of follow-up was 7.2. 304  
Over time, the frequency of injections required to 
maintain macular deturgescence typically 
decreases. 122  Although recurrence of edema and 
the need to reinject bevacizumab is the rule, in 
one study, one-quarter of patients with BRVO 
and ME were successfully treated with a single 
injection without recurrence of edema. 144   

 For bevacizumab, 1.25-, 2.0-, and 2.5-mg dos-
ages have been used. 14  ,  243  ,  305  No differences in 
effectiveness based on VA, macular thickness, or 
required frequency of reinjection outcomes have 
been detected with various dosages. 14  ,  243  ,  305  

 Some eyes with BRVO and ME fail to 
respond to bevacizumab or ranibizumab at all 
or respond only partially. 112  ,  144  ,  212  The percent-
age of eyes in this category ranges from 24% to 
35% and will depend on the regimen adopted 
for repeat injection. 112  ,  144  ,  212  Reasons may include 
foveal hemorrhage, macular ischemia, macular 
cell death, or refractory edema. 212  A de fi nition 
of futility of therapy is therefore important to 
consider (Table  13.6 ).  

 Some eyes that fail to respond to bevacizumab 
injections may respond to ranibizumab or 

triamcinolone injections. 89  Some eyes respond to 
bevacizumab but respond with a greater decrease 
in edema to triamcinolone. 89  

 The rationale for use of anti-VEGF drugs is to 
reduce macular edema, although the clinically 
important outcome is improvement in VA. The 
correlation of the two outcomes is imperfect, 
with a correlation coef fi cient between change in 
OCT-measured macular thickness and change in 
VA at 6 months ranging from 0.40 to 0.54 in the 
case of bevacizumab. 89  ,  112  Macular ischemia, 

  Fig. 13.9    A    60-year-old hypertensive man was seen with 
the complaint of acute onset of blurred vision of the left 
eye 4 weeks before. The visual acuity of the left eye was 
counting  fi ngers. ( a ) Monochromatic fundus photograph 
of the left eye shows an inferotemporal branch vein occlu-
sion with macular edema. ( b ) A frame from the mid-phase 
 fl uorescein angiogram shows that there are areas of capil-
lary nonperfusion (the  yellow arrow ), but some areas are 
dif fi cult to evaluate because of obscuring intraretinal 
hemorrhage (the  red oval ). ( c ) A frame from the late-
phase  fl uorescein angiogram shows that the clearly isch-
emic area lacks leakage ( yellow arrow ). The indeterminate 
area has considerable  fl uorescein leakage (the  red oval ), a 
sign that the capillaries in this perifoveal area are per-
fused. ( d ) False-color map OCT shows marked thickening 
in the inferotemporal macula with the mean thickness of 
the central macula 951  m . ( e ) Horizontal OCT line scan 
shows marked edema of the outer nuclear layer and lesser 
cystoid edema of the inner nuclear layer. The inner seg-
ment/outer segment (IS/OS) junction cannot be seen (the 
 yellow arrows ) in the edematous area. ( f ) One month after 
a single injection of bevacizumab 1.25 mg, most of the 
edema has resolved, visual acuity has returned to 20/32, 
and the horizontal OCT line scan shows a preserved inner 
segment/outer segment junction (the  red arrows )         
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atrophy, and hemorrhage may be confounders 
that reduce the correlation. 89  ,  264  

 Concerns that pan-VEGF blockade might 
stunt collateral vessel growth and increase retinal 
ischemia have been addressed by examining 
 fl uorescein angiography before and after anti-
VEGF treatment. No evidence to suggest 
increased ischemia has been found. 10  ,  14  ,  55  ,  178  ,  194  ,  212  ,  2
25  ,  227  ,  243  ,  276  ,  305  In fact, retinal collaterals have been 

witnessed to develop in the face of repeated intra-
vitreal injections of bevacizumab and sometimes 
areas of nonperfusion decreased. 225  ,  227  

 Because intravitreal injections have rare but 
serious risks, incur expense, and sometimes do not 
work, the ability to predict response to treatment is 
important. Therefore, studies seeking baseline fac-
tors predictive of outcome with anti-VEGF therapy 
have been done. In a study of 40 patients with 
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BRVO, failure to reduce macular thickness by at 
least 20% after intravitreal bevacizumab injection 
was associated with higher aqueous levels of 
VEGF and PEDF. 215  OCT variables have also been 
explored for predictive power regarding outcome. 
In a study of 32 patients with BRVO and ME, 
baseline CSMT and presence or absence of sub-
retinal  fl uid were not predictive. 113  One study 
found that good baseline VA was a predictor of 
1 year VA after IVBI. 144  Two studies reported that 
eyes with poor baseline VA had on average the 
largest VA improvements after IVBI or IVRI. 144  ,  241  
One study of 38 patients with BRVO and ME 
treated with serial IVBI found no prognostic 
 factors. 2  A positive correlation between duration 

of symptoms and  fi nal BCVA with a regimen of 
IVRI was reported. 241  In another study of IVRI, the 
median  fi nal BCVA was eight letters better in eyes 
with BRVO of duration less than 1 year than eyes 
with duration of one or more. 36  Baseline OCT 
CSMT and subretinal  fl uid status were not predic-
tive of VA outcome in one retrospective study of 
32 patients with BRVO and ME. 113  

 Studies are inconsistent about whether isch-
emia predicts response to anti-VEGF injec-
tions. 52  ,  143  The visual prognosis in cases of BRVO 
and ME treated with IVBI was worse in cases 
with macular ischemia than in well-perfused 
cases in one study. 52  ,  143  However, in another study, 
36% of nonresponders to bevacizumab were 

  Fig. 13.10    Images from a 74-year-old male with hyper-
tension and open-angle glaucoma who developed a super-
otemporal branch retinal vein occlusion of the right eye. 
( a ) Subfoveal hemorrhage is present ( orange arrow ). ( b ) 
Frame from the mid-phase  fl uorescein angiogram shows 
perifoveal capillary disruption of approximately 90° 
extent ( yellow arrow ); this occlusion occurs at the second-
order crossing of a branch retinal artery over a branch reti-
nal vein ( green arrow ); the  fi rst-order crossing is denoted 
by the  purple arrow . ( c ) Late phase of the  fl uorescein 
angiogram shows extensive  fl uorescein leakage from 
the microvasculature of the involved sector of retina. 

( d ) SD-OCT line scan shows macular cystoid edema and 
a hyperre fl ective subretinal collection of blood ( orange 
arrow ). ( e ) Four consecutive images taken during and 
after a course of 3 monthly injections of bevacizumab. 
The macular edema resolves within a month of the  fi rst 
injection. The dark zone in the SLO fundus images re fl ects 
the severity of the edema which improves most after a 
single injection with minor further improvement by the 
third study (6/23/2010). The study of 10/6/2010 shows 
recurrence of macular edema 14 weeks after the third 
bevacizumab injection         

a c

b d
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nonischemic by FA. 52  ,  143  Reduction in ME seems 
to occur without regard to ischemia. 52  For ranibi-
zumab, whether the FAZ-border is disrupted 180° 
or more in fl uences the VA  fi nal outcome. The 
median  fi nal BCVA was ten letters better in eyes 
with FAZ-border disruption of less than 180° 
than in eyes with 180° or more of FAZ-border 
disruption. 36  

 A theoretical concern has been raised that 
anti-VEGF drugs might cause upregulation of 
VEGF receptors that could amplify macular 
edema when the drug level wanes. 161  ,  223  Rebound 
macular edema in excess of that observed at base-
line has been reported, providing some evidence 
to support this mechanism. 181  

 Patients may respond well to IVBI by OCT 
and VA measures and yet elect to discontinue 
treatment, presumably because the discomfort, 

   Table 13.6    Proposed rules for futility of intravitreal 
anti-VEGF therapy   

 Study  Futility rules 

 Jaissle et al. 122   1. At least three consecutive 
bevacizumab injections 

 2. VA did not increase by at least 
two lines, or ME did not 
decrease by at least 30% 

 Priglinger et al. 226   At least two consecutive 
monthly injections and yet 
CSMT does not decrease 
at least 50  m  or 20% of the 
baseline CSMT and vision 
does not improve by at least 
 fi ve ETDRS letters 

 Prager et al. 225   Macular edema persists after 
6 monthly injections of 
bevacizumab 1.25 mg 

   VA  visual acuity,  ME  macular edema,  CSMT  central 
sub fi eld mean thickness,  ETDRS  Early Treatment Diabetic 
Retinopathy Study  

Dates of
bevacizumab

Bevacizumab 4/6/2010

Bevacizumab 5/5/2010

Bevacizumab 6/23/2010

5/1/2010

6/23/2010

10/6/2010

3/31/2010

Dates of OCT SLO fundus image SD-OCR line scane

Fig. 13.10 (continued)
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inconvenience, or cost of treatment outweighed 
the perceived bene fi t. 89  ,  144  

 Adjuncts to IVBI have been tested to see if 
they increase ef fi cacy. In a comparative case 
series of 17 patients treated with IVTI 4 mg, 14 
patients treated with IVBI 1.25 mg, and 21 
patients treated with IVTI 2 mg plus IVBI 
1.25 mg, similar reductions in ME and improve-
ments in VA were achieved in all groups at 
1 month, but the IVBI monotherapy group had 
superior VA outcomes at 6 months. 39  

 The local risks of intravitreal injections are 
endophthalmitis, sterile uveitis, retinal detach-
ment, cataract, and vitreous hemorrhage. The 
rates of these complications are not higher with 
anti-VEGF drugs than with other intravitreal 
injections. 144  ,  243  Some case reports have suggested 
that intravitreal anti-VEGF injections may be 
associated with central and branch retinal artery 
occlusions. 178  ,  293  The concerns that bevacizumab, 
a drug not speci fi cally designed for use intraocu-
larly, might be associated with an increased inci-
dence of iritis seem unfounded after extensive 
use. 314  Based on mfERG, full- fi eld ERG, and pat-
tern VEP measurements before and after a single 
dose of bevacizumab for BRVO with ME, there 
was no electrophysiologic evidence of retinal or 
optic nerve toxicity. 212  The systemic absorption 
of intravitreal anti-VEGF injections is low, but 
not zero, and systemic risk of increased throm-
boembolism is low. 

 A case report describes a patient with BRVO 
and macular edema in one eye and neovascular 
macular degeneration in the fellow eye. Treatment 
of the fellow eye with either bevacizumab or 
ranibizumab caused transient reductions in mac-
ular edema in the eye with the BRVO, suggesting 
some systemic absorption to account for the con-
tralateral eye effect. 307  

 While there are theoretical concerns of differ-
ential systemic risks with ranibizumab and beva-
cizumab based on molecular weight and dosage 
injected, in actual clinical experience, no clear 
signal for a difference in risk has been detected. 
A suggestion has been made in a case report that 
intravitreal bevacizumab may be associated with 
erectile dysfunction, but the quality of the evi-
dence is weak. 316  

 Although both GL and anti-VEGF injections 
are effective in treating BRVO with ME, few 
studies have compared GL and anti-VEGF injec-
tion therapy. One small trial comparing IVBI and 
GL found that IVBI was superior. 243  Despite the 
paucity of head-to-head trials, based on the effect 
sizes of the two treatments, the consensus is that 
anti-VEGF therapy with either bevacizumab or 
ranibizumab is superior to GL for ME associated 
with BRVO. 36  ,  243  In age-related macular degener-
ation, a disease in which intraocular VEGF con-
centrations are generally lower than in RVO, 
treatment of subretinal neovascularization with 
the IVBI and IVRI using identical injection 
schedules had equivalent ef fi cacy. 38  Given the 
high cost differential between the two drugs, a 
head-to-head trial in BRVO will be important in 
the future, given scarce economic resources. 

 The high recurrence rate, short-term effective-
ness, and high cost are the main drawbacks of 
intravitreal injections of anti-VEGF drugs. 205  
Intravitreal anti-VEGF therapy may have some 
ancillary bene fi ts such as prevention of second-
ary retinal and disc neovascularization, but a 
study to test this hypothesis has not been done. 243  
The use of intravitreal injections for BRVO and 
ME has been increasing. In a study of a random 
sample from Medicare claims, intravitreal injec-
tions were used in less than 1% of BRVOs in 
2001 compared to more than 13% in 2006. 73  This 
trend has increased in subsequent years.  

    13.4.1.5   Posterior Subtenon’s 
Triamcinolone 

 Posterior subtenon’s triamcinolone injection 
(PSTI) of 20–40 mg has been used to treat BRVO 
with macular edema. 99  ,  134  ,  135  PSTI, 20 mg, was 
used in a case series of 50 patients with BRVO 
and ME but no foveal ischemia. 135  With mean 
follow-up of 17 months, improvement in log-
MAR visual acuity of 0.2 log units or greater was 
found in 44%. Mean baseline OCT-measured 
macular thickness of 607 ± SD 193  m  improved at 
3 months follow-up to 301 ± 140  m . Of the 50 
eyes, 74% required more than one injection due 
to recurrence of macular edema, and 24% were 
eventually treated with pars plana vitrectomy 
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because of recurrent macular edema. 135  Another 
study used a regimen of three PSTIs separated by 
2 weeks and starting 1 week after grid laser pho-
tocoagulation. For the 25 eyes so treated and fol-
lowed for 3 months, VA did not change 
signi fi cantly (0.433 ± S0.285 vs. 0.341 ± 0.186, 
 P  = 0.6290), and foveal thickness did not 
change signi fi cantly (388 ± 178 vs. 316 ± 158  m , 
 P  = 0.2139). 99  The results of this treatment regi-
men were also less effective than a single IVTI 
4 mg at 3 months follow-up both with respect to 
VA improvement and reduction in macular thick-
ening as determined in a randomized controlled 
clinical trial of 52 patients. 99  After 3 months, 76% 
of the patients receiving PSTI required repeat 
posterior subtenons or intravitreal triamcinolone 
injection because of recurrence of macular 
edema. 99  

 A particularly useful application of this tech-
nique is the patient with a BRVO and ME who 
has previously undergone vitrectomy surgery. 
Kawaji and colleagues described 20 such cases 
treated with 20 mg of posterior subtenon’s triam-
cinolone. Seventy percent of the cases gained 0.2 
logMAR units or more of VA at 6 months follow-
up. Mean foveal thickness improved from 
499 ± 209  m  at baseline to 197 ± 92  m  at 6 months 
follow-up ( P  < 0.0001). The technique circum-
vents the problems of invitreal injections in a vit-
rectomized eye in which drug elution is 
accelerated. 134  

 PSTI is associated with intraocular pressure 
elevation, ptosis, and herpetic epithelial kerati-
tis. 57  ,  63  ,  97  ,  187  Elevated intraocular pressure has been 
reported in 7–23% of the patients receiving PSTIs 
with 4% requiring trabeculectomy to control 
pressure. 99  The frequency of IOP of 30 mmHg or 
more is lower after PSTI than IVTI, and fewer 
glaucoma medications are required typically to 
control elevated IOP after PSTI. 110   

    13.4.1.6   Intravitreal Corticosteroids 

 Several uncontrolled studies have shown that intra-
vitreal triamcinolone injection in doses from 1 to 
25 mg temporarily reduces macular thickening 
and improves VA in BRVO with ME at the price of 
an increased risk of elevated IOP (20–40%), a 

1–2% risk of requiring incisional glaucoma sur-
gery, a 15–20% risk in phakic patients of requir-
ing cataract surgery within 1 year, and the need 
for repetitive injections when the initial effect 
wears off. 20  ,  34  ,  42  ,  46  ,  61  ,  99  ,  124  ,  125  ,  127  ,  132  ,  145  ,  210  ,  211  ,  292  Similar 
results have been obtained whether there is foveal 
capillary border irregularity or not. 42  

 The Standard Care Versus Corticosteroid for 
Retinal Vein Occlusion (SCORE) BRVO study 
compared grid laser and serial 1 and 4 mg IVTIs 
based on re-treatment criteria for ME associated 
with BRVO. 281  The primary outcome measure 
was the proportion of eyes gaining 15 or more let-
ters at 1 year. Twenty-nine percent, 26%, and 27% 
of eyes achieved this outcome in the grid laser, 
1- and 4-mg groups, respectively. A secondary 
outcome was mean ETDRS letter change at 
12 months. The change was 4.2, 8.0, and 5.0 let-
ters for the grid laser, 1- and 4-mg groups, respec-
tively ( P  = 0.70). Without any improvement in 
visual outcome, and with the adverse side effect 
of inducing intraocular pressure rises (7% and 
41% of eyes in the 1 and 4 mg triamcinolone 
groups, respectively, compared to 2% in the grid 
laser group), the study showed that GL remains 
the standard of care and the benchmark therapy 
against which new contending improved therapies 
must be compared. 281  An additional negative 
effect of triamcinolone therapy was progression 
of cataract found in 25% and 35% of the 1- and 
4-mg groups, respectively, compared to 13% in 
the GL group over the course of 1 year follow-
up. 281  The mean numbers of intravitreal triamci-
nolone injections given in 12 months in the 
SCORE study were 2.2 and 2.1 for the 1- and 
4-mg groups, respectively. 281  In some cases, espe-
cially in postvitrectomy eyes, a syndrome of pseu-
doendophthalmitis may be seen characterized by 
a layer of triamcinolone crystals that pool in the 
anterior chamber angle that may simulate a 
hypopyon. 43  Patients generally have no pain, and 
if treated as though they have endophthalmitis 
with vitreous culture and intravitreal antibiotic 
injections, the cultures are negative. Estimates for 
the frequency of this complication are lacking. 240  

 Although the average patient fares better with 
GL than with IVTI, there may be a role for IVTI 
in cases unhelped by GL or with clearly ischemic 
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macular edema, for which GL has not been 
proven effective in a randomized clinical trial. 42  ,  210  
No randomized clinical trials have demonstrated 
ef fi cacy of these injections compared to a control 
group, but uncontrolled studies suggest that a 
treatment effect, if short lived, does exist. In an 
uncontrolled case series, suggestive evidence was 
given that visual outcomes were superior if treat-
ment was given before 3 months after onset of 
symptoms than after 3 months. 203  

 Various dosages of intravitreal triamcinolone 
have been used for BRVO with ME ranging from 
1 to 25 mg. Generally, the duration of action of 
drug increases with increasing dosage. A single 
dose of 4 mg frequently lasts 2.75 months and 
can last 6 months. A dose of 25 mg can last 
9 months. 124  ,  127  The half-life decreases in a vitrecto-
mized eye and is lengthened in eyes of younger 
patients with more formed vitreous gels and in eyes 
with silicone oil  fi lling the vitreous cavity. 124  ,  139  

 Risk factors for elevated pressure after IVTI 
include diagnosis of glaucoma and higher base-
line IOP. A history of previous vitrectomy is 
associated with a lower IOP after IVTI. 292  

 A retrospective nonrandomized comparative 
trial of serial IVTI ( n  = 16) versus IVBI ( n  = 13) 
with follow-up of at least 6 months suggested 
roughly equal ef fi cacy in reducing macular thick-
ening and improving VA, but more adverse effects 
were found with IVTI and higher cost with IVBI. 47  
With triamcinolone therapy, mean VA improved 
from 0.77 ± .45 to 0.39 ± .32 and CSMT from 
534 ± 164 to 254 ± 80  m . With bevacizumab ther-
apy, mean VA improved from logMAR 0.99 ± 0.48 
to 0.35 ± .32 and CSMT from 539 ± 190 to 
222 ± 37  m . On neither VA nor CSMT did the 
results differ to a statistically signi fi cant degree. 47  

 A dexamethasone drug-delivery system that 
produces a fairly constant intraocular concentra-
tion of dexamethasone for up to 180 days has 
been studied in a prospective randomized clinical 
trial of patients with macular edema from various 
etiologies including BRVO and CRVO. BRVOs 
and CRVOs were pooled in the report. The pri-
mary outcome for the study was the percent of 
patients with ten letters or more improvement at 
90 days. For the pooled group of 35 patients with 
RVO receiving the 700  m g implant, 31% had ten 

or more letter improvement at 90 days compared 
to 15% of 34 patients in the control group, a result 
similar to the overall study result for all eyes that 
reached signi fi cance with  P  < 0.001. 155  

 A phase one study of intravitreal triamcino-
lone delivered using a biodegradable, liquid sus-
tained-delivery system was used in a sample of 
patients pooling BRVOs and CRVOs with macu-
lar edema. 164  Use of the drug was associated with 
decreased macular thickening 360 days after 
injection. Intraocular pressure elevation occurred 
in three of ten eyes. 164  

 Most cases of intraocular hypertension occur-
ring after intravitreal injection of steroids can be 
managed by topical hypotensive therapy, but 
argon-laser trabeculoplasty is also effective, and 
rarely incisional surgical therapy is necessary. 233  

 Prognostic factors for the VA outcome in the 
SCORE study were younger age and absence of 
coronary artery disease. 250  Prognostic factors for 
OCT outcomes were younger age, lower baseline 
VA letter score, presence of dense macular hem-
orrhage, and no prior grid laser photocoagula-
tion. 250  These prognostic factors came from 
analyses pooling both the standard care (GL) and 
the IVTI arms of the trial. 250  In a separate study, 
nonresponders to IVTI had higher aqueous levels 
of VEGF and IL-6 and had greater ischemia. 214  

 In view of the results from the SCORE study, 
IVTI for BRVO with ME has largely been aban-
doned as a  fi rst-choice therapy. However, because 
IVTI is ef fi cacious in some eyes, not all eyes 
respond to GL, and some eyes respond to bevaci-
zumab but respond with a greater decrease in 
edema to triamcinolone, it is still a useful treat-
ment to have available when clinical circum-
stances dictate. 89   

    13.4.1.7   Combination Treatments 
Involving Intravitreal 
Triamcinolone Injections 

 The SCORE BRVO study showed that serial intra-
vitreal triamcinolone injections are inferior to GL 
for ME associated with BRVO. However, what 
about a treatment regimen that combines intravit-
real triamcinolone injection with GL? In a small 
case series in which GL was followed by IVTI if 
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VA did not improve by at least two lines, the 
authors reported no improvement in VA and only a 
1-month reduction in macular thickening. 34  

 A combination injection regimen employing 
both IVTI 2.0 mg and IVBI 1.25 mg in pooled 
BRVOs and CRVOs with ME reported no better 
visual results than with serial IVBI over 
6 months. 68  Elevated intraocular pressures were 
found in 31% of eyes treated with this regimen, a 
percentage similar to that reported with IVTIs 
alone. 68   

    13.4.1.8   Arteriovenous Sheathotomy 

 Arteriovenous sheathotomy (AVS) was  fi rst 
described as a treatment for BRVO with ME by 
Osterloh and Charles. 208  Since that time there have 
been many variations described – with vitrectomy, 
with internal limiting membrane peeling (ILMP), 
with IH, with incomplete separation of the artery 
from the vein, with intraoperative IVTI, and 
with GL after surgery. 77  ,  158  ,  159  ,  179  ,  184  ,  190  ,  202  ,  206  ,  237  ,  257  ,  302  
Although it is likely that these variations change 
outcomes, this section pools all studies in which 
AVS is the main intervention. 

 AVS was associated with a decrease in the 
circulation time to the involved retina in 61% of 
cases in one study, but the natural history of the 
 fl uorescein circulation time in BRVO is unknown, 
and so it is not possible to say whether this 
 represents an effect of the sheathotomy. 151  ,  309  
However, in another series, the improvement in 
retinal blood  fl ow to the affected area after AVS 
was not sustained at 1 month. 114  Successful AVS 
can be followed by disappearance of collateral 
vessels. 190  Improvement in perfusion after AVS 
has been correlated to having the conventional 
anatomy of the artery above the vein. Cases with 
the vein above the artery were less successful in 
this regard, although the numbers studied were 
small. 309  

 The area of the FAZ did not increase 1 year 
after AVS for BRVO with ME in one series. 151  
Because the natural history of the FAZ area in 
such cases is unknown, the effect of AVS cannot 
be deduced. 151  In another series, improved foveal 
capillary circulation compared with baseline was 
observed. 179  

 Case series are consistent in showing that ME 
can be reduced with AVS, but inconsistent in 
showing that VA improves. Moreover, complica-
tions can be severe, including epiretinal mem-
brane in up to 75% and retinal detachment in up 
to 14%. 12  ,  33  ,  114  ,  179  ,  184  ,  190  ,  202  ,  206  ,  257  ,  310  Mean time for 
edema resolution and stabilization of VA improve-
ment after AVS has been reported to be 9 months. 77  
The technique seems to be effective for reducing 
ME in the less-common case where the vein 
crosses over rather than under the arteriole. 237  
Some studies have reported improvement in VA 
with AVS that occurs more slowly than does VA 
improvement after IVTI. 53  Recurrences of ME 
after an initial decrease following surgery has 
been reported. 257  

 Various factors have been associated with bet-
ter results after AVS including shorter duration of 
BRVO, younger patient age, ILMP, better capil-
lary perfusion preoperatively, and a higher preop-
erative vitreous IL-6 concentration. 184  ,  202  ,  257  Many 
authors have suggested the need for a prospective 
randomized clinical trial of this approach to 
determine whether it is warranted, but none has 
been done, and its place in the management of 
BRVO remains conjectural. 56  ,  309  ,  310  

 There is limited information regarding long-
term follow-up of eyes with BRVO and ME receiv-
ing AVS. In one case series of  fi ve eyes with 
baseline VA of less than 20/200 followed for a 
mean of 6.5 years, the BCVA improved to 20/70 or 
better in four cases and remained poor in one 
case. 251  One case of a macular BRVO followed for 
5 years had improvement of vision from 20/63 to 
20/20 and return of fundus appearance to normal. 302  
In a series of 20 eyes followed for a mean of 
14 months, the average VA improvement was 4.55 
Snellen lines. 179  In a series of eight patients fol-
lowed for a mean of 34.5 months,  fi nal VA did not 
improve signi fi cantly compared to baseline VA. 190  

 AVS has been combined with simultaneous 
IVTI in several series, sometimes with favorable 
results, but the small number and uncontrolled 
nature of the studies prevents extrapolation 
regarding ef fi cacy. AVS has also been combined 
with intravenous administration of edaravone, a 
free radical scavenger developed as a neuropro-
tective drug. In an uncontrolled series of 
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27 patients treated with combination compared to 
15 consecutive subsequent controls treated with 
AVS alone, edaravone improved visual out-
comes. 174  AVS has also been compared to vitrec-
tomy without AVS. The effects were similar to 
those seen by the same authors with AVS, calling 
into question whether sheathotomy adds value to 
vitrectomy alone. 77  ,  310  

 In the hazardous task of comparing relative 
effectiveness of treatments in the absence of pro-
spective randomized clinical trials, Fish con-
cluded that AVS was more effective than IVB but 
at greater cost, complication rate, and inconve-
nience of a surgical as opposed to of fi ce-based 
procedure. 79  

 With the introduction of anti-VEGF therapy 
and its more reproducible effect of improving 
VA, this treatment has been abandoned.  

    13.4.1.9   Vitrectomy 

 Vitrectomy with stripping of the posterior hyaloid 
has been used in uncontrolled case series as treat-
ment for the ME associated with BRVO with 
consistent improvement in ME and less consis-
tent improvement in VA. 21  ,  171  ,  176  ,  177  ,  200  ,  230  ,  244  ,  271  ,  310  ,  312  
Macular edema increases after such surgery in 
approximately 20% of eyes, but the effect is tran-
sient and spontaneously resolves with ultimate 
thinning of the macula in most cases without the 
use of pharmacotherapy. 256  Macular microcircu-
lation improved after vitrectomy for ME associ-
ated with BRVO in one series. 200  

 The effect of vitrectomy on ME associated 
with BRVO develops slowly and progressively 
with mean time to full macular thinning postop-
eratively occurring from 9 to 12 months. 77  
Adjunctive use of triamcinolone as an aid to visu-
alize the posterior hyaloid and the internal limit-
ing membrane may accelerate this thinning with 
a stable reduction in ME by 4 months after 
surgery. 171  

 Vitrectomy with PRP to ischemic retina has 
also been used in a case series with reported 
signi fi cant improvement in ME and VA. 312  The 
ef fi cacy was greatest for eyes with higher pre-
operative vitreous concentrations of VEGF but 
not IL-6. 312  In the absence of a control group, it 
is not possible to state with certainty the 

ef fi cacy of such an approach relative to the 
natural history. 

 Vitrectomy with ILMP for BRVO with chronic 
ME unresponsive to GL treatment has been 
described in uncontrolled case series. 13  ,  171  ,  205  A 
disproportionate improvement in ME relative to 
VA was observed in some series, although VA, on 
average, did improve, perhaps due to the chronic-
ity of the edema before the vitrectomy. 13  ,  171  ,  205  

 A similar surgical approach for BRVO with 
ME and foveal hemorrhage has been described in 
an uncontrolled case series. 154  On average, VA 
improved over the course of 1 year of follow-up. 154  
In the absence of a randomized controlled clinical 
trial, this approach has not been widely adopted. 

 Other combination treatment approaches 
involving vitrectomy have been reported, includ-
ing vitrectomy plus subretinal TPA injection and 
vitrectomy with intraoperative IVTI followed by 
postoperative PSTI for recurrent or persistent 
macular edema. 160  ,  287  The addition of IVTI to vit-
rectomy accelerates macular thinning compared 
to vitrectomy alone, but recurrent edema when 
the drug wears off remains a problem. 287  These 
methods have not been taken up by others. 

 Better preoperative VA was correlated with 
better  fi nal VA. 271  Macular edema improved more 
after vitrectomy in eyes with higher preoperative 
levels of VEGF. 312  In three series, duration of 
BRVO was an important factor for visual out-
come. Patients operated earlier (with de fi nitions 
of “earlier” varying from less than one to less 
than 11 months since onset of symptoms) showed 
improved VA outcomes. 176  ,  244  

 Vitrectomy for ME associated with BRVO 
signi fi cantly improves vision-related quality of 
life. 204  Three months after surgery, the composite 
score on the 25-item National Eye Institute Visual 
Function Questionnaire (VFQ-25) improved 
from a preoperative mean of 54 ± 15.5 to 
64.9 ± 15.0 ( P  < 0.05). 204  

 No randomized clinical trial has been done to 
compare the ef fi cacy of vitrectomy for BRVO 
with ME to either GL or serial intravitreal injec-
tions of anti-VEGF drugs, which have been proven 
to be effective. Therefore, the place of vitrectomy 
in management of ME associated with BRVO 
remains speculative, but it probably should be 
reserved for cases refractory to proven therapies.  
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    13.4.1.10   Intravitreal Injection 
of Autologous Plasmin 

 In an uncontrolled study of 26 eyes with BRVO, 
injection of one international unit of autologous 
plasmin produced PVD in 23 of 26 eyes. At 
12 months postinjection, the mean macular thick-
ness decreased from a baseline of 602 ± SD149 to 
254 ± SD117  m  associated with an improvement in 
mean BCVA from 0.55 ± SD0.30 (Snellen equiva-
lent 20/71) to 0.18 ± SD0.21(Snellen equivalent 
20/30). 245  Similar results were reported in eight 
patients previously refractory to GL, IVBI, IVTI, 
or combination methods treated with intravitreal 
injection of 0.2 ml of autologous plasmin enzyme 
and followed for 6 months. 288  A PVD was created 
in all patients, and all patients experienced ten or 
more ETDRS letters of improvement in VA at the 
6-month follow-up. The mean BCVA improved 
from logMAR 0.552 ± SD0.17 (Snellen 20/70) to 
0.217 ± SD0.087 (Snellen 20/32) at 6 months. The 
mean CSMT decreased from baseline 495 ± SD69 
to 226 ± SD29  m  at 6 months. The effects were 
rapid with full effects seen by 1 month. 288  Others 
have reported positive results in 36 patients with 
BRVO and macular edema over 12 months of 
follow-up with 80.5% of patients showing 
improved VA and 88.8% showing decreased mac-
ular thickness after a single injection of autolo-
gous plasmin. 289  The promising results of these 

pilot trials need to be con fi rmed in randomized 
controlled clinical trials with larger numbers of 
patients. The customized methods for preparing 
autologous plasmin are not easily transferable to 
everyday practice, and a commercial, standard-
ized source of plasmin or a derivative with similar 
activity and absence of side effects will be neces-
sary before adoption is feasible.   

    13.4.2   Central Retinal Vein Occlusion 

    13.4.2.1   Intravitreal Injection of Anti-
vascular Endothelial Growth 
Factor Drugs 

 Anti-VEGF drugs are effective in reducing ME in 
CRVO and HCRVO. However, the effects of 
VEGF blockade go beyond ME reduction. There 
is rapid reduction of intraretinal hemorrhage, 
decrease in venous dilation, and there may be 
reduction in the propensity of nonischemic CRVO 
to convert to ischemic CRVO over time 
(Fig.  13.11 ). 87   

 The least studied of the anti-VEGF drugs, 
pegaptanib, has shown evidence of ef fi cacy at 
both the 0.3- and 1-mg doses given every 6 weeks 
for  fi ve injections to reduce macular edema and 
improve mean VA at 30 weeks in CRVO. 303  

  Fig. 13.11    Fundus photographs before and 1 month after 
a single injection of bevacizumab 1.25 mg for an inferior 
hemicentral retinal vein occlusion of the right eye in a 
27-year-old man with hypertension. ( a ) At baseline, the 

inferior retinal veins are dilated, and prominent intrareti-
nal and preretinal hemorrhages are shown. ( b ) One month 
after bevacizumab, the inferior retinal veins are less 
dilated, and the clearing of hemorrhage is dramatic       
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 The Central Retinal Vein Occlusion (CRUISE) 
study was a randomized prospective controlled 
clinical trial of serial IVRI in 392 patients with 
CRVO and ME. 29  Three groups were compared: 
0.3 mg ranibizumab, 0.5 mg ranibizumab, and 
sham injection. All groups received a baseline 
and  fi ve subsequent monthly injections. At 
6 months follow-up, the mean change from base-
line BCVA letter score was +12.7 and +14.9 for 
the 0.3- and 0.5-mg ranibizumab groups, respec-
tively, compared to +0.8 in the sham group 
( P  < 0.0001) (Fig.  13.12 ). The percentages of 
patients who gained 15 or more ETDRS letters 
were 46.2% and 47.7%, respectively, compared 

to 16.9% in the sham group ( P  < 0.001). The CPT 
had decreased by a mean of 434 and 452  m , 
respectively, compared to 168  m  in the control 
group (Fig.  13.13 ). Beginning at month 6, patients 
in all groups were followed with monthly exami-
nations and prn treatment with 0.5 mg ranibi-
zumab (Table  13.4  for re-treatment criteria). At 
month 12, the mean BCVA changes were +13.9 
letters for each of the 0.3- and 0.5-mg ranibi-
zumab groups compared to +7.3 letters for the 
sham group. There were no signi fi cant safety 
issues with the ranibizumab injections in this 
trial. With continued, but fewer injections through 
2 years, reductions in macular edema and 
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improvement in BCVA are possible. 29  A smaller 
study of 14 patients showed that monthly IVRI 
for 3 months followed by variable treatment the 
 fi rst year and a mean of 3.4 IVRIs in the second 
year produced a mean improvement from base-
line in BCVA of +8.5 letters and a mean CPT of 
337.7  m  at year 2. 36    

 Dosages of ranibizumab used in CRVO include 
0.3, 0.5, and 2.0 mg with no evidence favoring 
one dose over another. 236  

 Fewer patients with CRVO-associated ME can 
be weaned off intermittent IVRI to reduce or 
eliminate ME than in BRVO-associated ME. The 
mean number of IVRIs to treat recurrent ME is 

  Fig. 13.14    Images of a superior hemicentral retinal vein 
occlusion that developed in a 71-year-old woman with 
type 2 diabetes mellitus, hypertension, and primary open-
angle glaucoma. The VA of the left eye was 20/125. ( a ) 
The superior 200° of retina is involved with hemorrhages. 
The hemorrhages extend into the inferonasal quadrant 
below the horizontal raphe because of a branch retinal 
vein denoted by the  green arrow  that drains this region of 
the retina, yet empties into the superior hemicentral reti-
nal vein. ( b ) A retina vein to retina vein collateral vessel 
is seen in this frame from the early phase  fl uorescein 
angiogram (the  yellow arrow ). ( c ) In a magni fi ed image of 
the optic disc from the mid-phase  fl uorescein angiogram, 
the relative stagnation of venous  fl ow superiorly is 

 indicated by hyper fl uorescent foci in the tributaries of the 
superior hemicentral retinal vein. Optic disc collateral 
vessels connecting the inferonasal retinal venous return to 
the choroidal circulation are indicated by the  gray arrow . 
Unlike new vessels, these collaterals do not leak 
 fl uorescein. ( d ) Frame from the late phase of the 
 fl uorescein angiogram showing superior macular  fl uore-
scein leakage. ( e ) Three vertical SD-OCT line scans 
through the macula at different times following the 
H-CRVO. Five monthly injections of bevacizumab have 
led to less macular hemorrhage and edema, but incom-
plete resolution of the edema. The VA on 11/4/2009 was 
20/80 and on 6/25/2010 was 20/50.  CSMT  central sub fi eld 
mean thickness         
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higher in eyes with CRVO than eyes with BRVO. 36  
The mean number of IVRIs in the second year of 
serial ranibizumab therapy was 3.4 for CRVO-
associated ME compared to 2.0 for eyes with 
BRVO-associated ME. 36  

 Lower-level evidence indicates that IVBI is 
also effective for CRVO with ME. A single IVBI 
is effective in the short term for reducing ME, 
subretinal  fl uid, optic disc edema, intraretinal 
hemorrhage, and venous distention, and improv-
ing VA in patients with CRVO and associated 
macular edema. 55  ,  117  ,  236  ,  239  ,  263  Serial injections of 
bevacizumab often reduce macular thickening in 
CRVO more than one injection, therefore a thera-
peutic trial of this modality should generally 
include more than one injection (Fig.  13.14 ). 117  
Usually, multiple IVBIs are required to maintain 
macular deturgescence. 117  ,  225  ,  264  One study 
reported 85% of patients requiring more than one 
injection over the  fi rst year of follow-up. 87  The 
duration of effect of bevacizumab is variable, but 
a consensus seems to be that the bene fi cial effect 
lasts no more than 2 months. 117  Re-treatment 
rules for IVBI have been variable and are similar 
to those suggested for BRVO with ME 
(Table  13.4 ). Eyes that develop disc collaterals 
may need fewer re-treatments than eyes without 
formation of collaterals. 87   

 The results with intravitreal bevacizumab 
injections are also favorable (Table  13.7 ). Pooling 
 fi ve studies with a total of 129 eyes that received 
intravitreal bevacizumab injection regimens for 
CRVO with ME, the weighted-mean baseline 
visual acuity was logMAR 1.08 (Snellen 20/238) 
compared to the weighted-mean  fi nal logMAR 
visual acuity of 0.79 (Snellen 20/123). At a 
weighted-mean follow-up of 9 months, the dif-
ference was +14.5 ETDRS letters – similar to the 
results of the CRUISE study (Table  13.7 ). 55  ,  121  ,  212  ,  225  
As with ranibizumab, most patients will need to 
be reinjected because of recurrent ME after a 
single injection. 55  ,  212  ,  225  The weighted-mean num-
ber of injections required to manage eyes with 
CRVO with ME in the  fi ve studies of Table  13.7  
was 3.3 over 9 months. 55  ,  121  ,  212  ,  225   

 A fl ibercept is a fusion protein comprised of 
the extracellular domains of human VEGF recep-
tors 1 and 2 fused to the constant region of human 
IgG1. It works as a decoy receptor, binding solu-
ble VEGF and preventing VEGF binding to reti-
nal cell receptors. A fl ibercept has a higher af fi nity 
for VEGF than ranibizumab or bevacizumab. 
Two parallel randomized controlled clinical tri-
als, COPERNICUS and GALILEO, have been 
performed but not published as of December 
2011 except in Abstract form. 19  COPERNICUS 

Fig. 13.14 (continued)
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studied 187 patients with CRVO and ME ran-
domized to monthly injections of a fl ibercept or 
sham for 6 months with subsequent monthly 
examinations and a fl ibercept prn for all patients 
for an additional 6 months. At month 12, 56% of 
eyes in the a fl ibercept group compared to 12% in 
the sham group gained 15 or more ETDRS letters 
( P  < 0.0001). Mean changes in BCVA were +17.3 
letters for a fl ibercept-treated eyes compared to 
−4.0 ETDRS letters for sham eyes ( P  < 0.0001). 
Serious ocular adverse events occurred in 3.5% 
of the a fl ibercept group compared to 13.5% in the 
sham group. The results of the GALILEO trial 
were similar. 19  

 Regimens involving serial injections of anti-
VEGF drugs not only reduce the macular edema, 
they also reduce the proportion of eyes that go on 
to intraocular neovascularization and its conse-
quences, presumably because of the antiprolifer-
ative effect of the drugs. 55  ,  137  ,  236  There is evidence 
that intravitreal injections of bevacizumab also 
reduce retinal venous diameter. 55  

 As in BRVO with ME, concerns have been 
raised that global anti-VEGF blockade could be 
harmful to eyes with CRVO, perhaps increasing 
the area of capillary nonperfusion or decreasing 
shunt formation, as VEGF has functions in main-
taining retinal cellular viability. 117  ,  137  To date, evi-
dence to support these concerns has not been 
found. 55  ,  225  In one study of 20 patients with nonis-
chemic CRVO treated with serial injections of 
ranibizumab, disc collateral vessels formed in 
50% of eyes over 1–24 months, rates and time 
courses compatible with the natural history of 
disc collateral formation. 236  

 If frequency of dosing is decreased in an effort 
to determine if continued need for injections 
exists, the possibility of recurrence of edema 
always exists. In such cases, preliminary evi-
dence suggests that increasing the frequency of 
injections is successful in eliminating recurrent 
edema. 236  

 The safety pro fi le of intravitreal bevacizumab 
injections has been good. Rates of endophthalmi-
tis, retinal detachment, uveitis, retinal tears, trau-
matic cataract, vitreous hemorrhage, and systemic 
side effects such as myocardial infarction and 
stroke have been low. 87  ,  225  There are case reports 
of central and branch retinal artery occlusions 
following intravitreal ranibizumab and bevaci-
zumab injections for CRVO. Although associ-
ated, no causal connection has been established, 
but a mechanism was advanced citing reduced 
nitric oxide production and consequential vaso-
constriction following anti-VEGF therapy. 178  ,  293  
There was no evidence of electrophysiologic tox-
icity of a single injection of bevacizumab to the 
retina or optic nerve by full- fi eld ERG, mfERG, 
or VEP in patients with CRVO. 212  

 Rebound ME after injection of intravitreal 
anti-VEGF drugs has been described and is esti-
mated to occur in 10.8% of cases. 313  The sugges-
tion has been made that treatment too early is 
associated with this effect and that it may be pref-
erable to allow at least 8 weeks from onset of 
symptoms before consideration of anti-VEGF 
therapy to avoid rebound. 313  

 Some studies have examined factors that might 
predict VA outcomes after intravitreal bevaci-
zumab injections. In two studies, baseline CSMT 

   Table 13.7    Effects of intravitreal bevacizumab injections for central retinal vein occlusion with macular edema   

 Study/ N   Mean VA ini 
 Mean VA 
 fi nal 

 Mean CSMT 
Ini ( m ) 

 Mean CSMT 
 fi nal ( m ) 

 Mean follow-up 
(months) 

 Number of 
injections 

 Wu et al. 308 /13  1.15 ± 0.59  1.01 ± 0.66  552 ± 140  280 ± 119  8.5  1.6 
 Gregori et al. 87 /17  1.3 a   1.17 a   607 a   309 a   12  3.2 
 Hoeh et al. 112 /27  0.75 ± 0.38  0.57 ± 0.48  748 ± 265  373 ± 224  15.3  4.1 
 Priglinger et al. 226 /47  1.12 ± 0.44  0.72 ± 0.46  535 ± 148  323 ± 116  6  3.0 
 Costa et al. 55 /7  1.21 ± 0.36  0.68 ± 0.32  730 ± 257  260 ± 135  6.25  3.0 
 Figueroa et al. 76 /18  1.13 ± 0.21  0.83 ± 0.45  536 ± 107  326 ± 97  6  4.6 
 Weighted mean/129  1.08  0.79  602  324  9  3.3 

  Visual acuity is expressed in logMAR format 
  a Median  
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and  fi nal VA were signi fi cantly correlated. 2  ,  113  In 
one study, younger patient age was predictive of 
a favorable response to serial intravitreal injec-
tions with bevacizumab. 2  Factors found not to be 
correlated with outcome include subretinal  fl uid 
status, intraretinal cyst diameter, and change in 
retinal thickness induced by repetitive bevaci-
zumab injections. 112  ,  113  

 A combination regimen of IVBI 1.25 mg and 
IVTI 2 mg given repetitively if needed was effec-
tive in treating ME from pooled RVO (eight 
BRVO and eight CRVO), but no more effective 
than previously reported results with bevaci-
zumab alone. 68  

 The use of intravitreal injections for CRVO 
has been increasing. In a study of a random sam-
ple from Medicare claims, intravitreal injections 
were used in less than 1% of CRVOs in 2001 
compared to more than 16% in 2006. 73  This trend 
has increased in the subsequent years.  

    13.4.2.2   Combination Regimen: 
Bevacizumab, Panretinal Laser, 
and Grid Laser 

 One pilot study of nine patients without a control 
group has used a combination regimen of IVBI, 
PRP, and GL with the rationale that the frequency 
of intravitreal injections of bevacizumab might 
be reduced and the lesser effects of PRP and grid 
laser might be synergistic in bene fi cially affect-
ing intraocular VEGF levels and ME. 252  The 
mean baseline VA was 20/320 compared to a 
mean  fi nal VA of 20/63. No patient had recur-
rence of ME over follow-up of at least 
18 months. 252  No eye converted from nonisch-
emic to ischemic CRVO during follow-up and no 
patient developed optic disc collaterals, suggest-
ing to the authors that in an unspeci fi ed manner, 
venous drainage was likely improved as the natu-
ral history rate of collateral formation is higher. 252  
Further study in larger samples with a control 
group is needed to test these suggestions.  

    13.4.2.3   Systemic Corticosteroids 

 Corticosteroids have been used to treat both 
in fl ammatory and nonin fl ammatory components 
involved in CRVO with ME, to stabilize the 

blood–retina barrier, and to inhibit VEGF expres-
sion. 108  ,  192  ,  298  Systemic corticosteroids have anec-
dotally been associated with clinical improvement 
in cases of nonischemic CRVO. 100  ,  108  ,  254  The typi-
cal regimen described has been to use oral 
 prednisone 1–1.5 mg/kg/day with gradual taper-
ing of the dose once the VA has improved. The 
objective is to reach the lowest dose maintaining 
visual improvement. 100  Some patients are nonre-
sponders. 108  The disadvantage of systemic corti-
costeroid therapy is the wide range of adverse 
side effects including weight gain, fat redistribu-
tion, osteopenia, mood change, and altered 
facies. 100  With the advent of anti-VEGF therapy, 
systemic corticosteroids are rarely used.  

    13.4.2.4   Posterior Subtenon’s 
Triamcinolone Injection 

 PSTI has been used to treat ME associated with 
CRVO soon after symptom onset. 9  ,  165  A single 
injection reduced ME for 1 month in CRVO com-
pared to untreated controls. 9  In an uncontrolled 
prospective study of 18 patients, three biweekly 
injections of 4 mg triamcinolone were associated 
with VA improvement from a baseline mean of 
37 ± SD18 ETDRS letters (~20/200) to a 9-month 
follow-up mean of 59 ± SD23 ETDRS letters 
(~20/70) ( P  < 0.001). Mean CSMT improved 
from 566 ± SD42 to 210 ± 30  m  ( P  < 0.001). 165  
Sixteen percent of patients had recurrence of ME, 
11% required topical glaucoma drops for elevated 
intraocular pressure, and no patient was noted to 
have progression of cataract. For certain patients, 
this modality may have a favorable side effect 
pro fi le compared to IVTI, but the absence of pro-
spective randomized comparative trials is a draw-
back. It has not been adopted widely. 100   

    13.4.2.5   Intravitreal Corticosteroids 

 Many case reports and case series suggested that 
the intravitreal injection of triamcinolone in doses 
ranging from 1 to 25 mg might be effective in the 
treatment of ME associated with CRVO. 61  ,  126  ,  133  ,  297  

 In a small series, short-term improvement in 
VA and decrease in retinal  fl uorescein leakage 
by  fl uorescein angiography were observed. 126  ,  139  
A small prospective randomized clinical trial of 
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27 eyes likewise found intravitreal triamcinolone 
to be associated with suggestive bene fi cial effects 
on macular thickness and VA, but was underpow-
ered to be conclusive. 229  This led to the SCORE 
study, a randomized controlled clinical trial com-
paring serial 1 and 4 mg triamcinolone injections 
based on re-treatment criteria to sham injec-
tions. 281  The primary outcome measure was the 
proportion of eyes gaining 15 or more letters at 
1 year. Twenty-seven percent and 26% of eyes in 
the 1- and 4-mg groups, respectively, gained 15 
or more letters compared to 7% in the sham 
group. A smaller percentage of eyes in the 1-mg 
group required initiation of glaucoma drops by 
12 months (20% vs. 35% for the 1- and 4-mg 
groups, respectively). Re-treatment was given 
every 4 months unless the macular edema had 
resolved or treatment was futile. Futility was 
de fi ned as two consecutive intravitreal injections 
without at least improvement in VA by  fi ve 
ETDRS letters or a reduction in retinal thicken-
ing of 50  m  and at least 20% of the retinal thick-
ening at the start of the period assessed for 
futility. 281  Because of similar ef fi cacy of the 4 and 
1 mg doses, but a superior pro fi le of side effects 
with the 1 mg dose, serial 1 mg intravitreal triam-
cinolone injections were recommended for the 
treatment of ME associated with CRVO. 

 In the SCORE CRVO study, prognostic fac-
tors for VA outcome were younger age, lower 
macular thickness, smaller area of retinal hemor-
rhage, smaller area of macular thickening, and 
less  fl uorescein leakage. 250  Prognostic factors for 
OCT outcomes were younger age and higher 
baseline VA letter score. 250  

 Various other doses of triamcinolone have 
been used up to a maximal dose of 25 mg. 126  ,  297  
The duration of action depends on the dose 
injected with higher doses lasting longer. 262  It 
also depends on the status of the vitreous with 
shorter duration of action in vitrectomized eyes 
and more elderly patients with greater vitreous 
liquefaction. 49  ,  139  Triamcinolone crystals are visi-
ble in the vitreous cavity for a mean interval of 
142 ± SD 140 days after intravitreal injection, and 
a pharmacokinetic model predicts an active con-
centration in the human vitreous cavity of 
140 ± SD 17 days. 11  ,  139  Some pharmacodynamic 

effect is commonly evident for 6 months or lon-
ger, although reinjection after 3 months as effects 
wane and edema recurs is common clinical prac-
tice. 139  In one study allowing prn reinjections, the 
mean duration between injections was 4.1 months 
(range 2–9 months). 297  

 Cataract development or progression is pre-
dictable after IVTI, and intraocular pressure ele-
vation occurs in 30–61% at anywhere from 1 day 
to 8 months after the injection. 51  ,  126  ,  133  ,  297  Most 
cases of intraocular pressure rise can be success-
fully managed with topical hypotensive agents, 
but in up to 2.9% of cases it may be necessary to 
perform vitrectomy to remove the steroid from 
the vitreous or trabeculectomy or a tube-shunt 
procedure to lower the pressure surgically. 51  ,  133  ,  297  
Higher doses of intravitreal triamcinolone are 
associated with intraocular pressure rises that are 
more dif fi cult to control. 51  The risk of pressure 
rise with intravitreal injection of triamcinolone 
may be higher in patients with CRVO and ME 
because a greater proportion of such patients may 
have glaucoma as a risk factor than, for example, 
patients with diabetic macular edema. 297  Young 
adults with CRVO may have unusually large 
swings in diurnal intraocular pressure, represent-
ing a status as latent glaucoma suspects unusu-
ally predisposed to a steroid pressure response. 48  

 Fluocinolone implants releasing 0.5  m g/day 
for up to 3 years have been evaluated in nonisch-
emic CRVO with ME. At 12 months, the median 
VA improved 2.5 lines, and the median baseline 
macular thickness decreased by 382  m , both of 
which were statistically signi fi cant changes. 
However, IOP increased in 92% with 29% requir-
ing surgical therapy. All phakic eyes had cataract 
progression. 228  

 A dexamethasone drug-delivery system that 
produces a fairly constant intraocular concentra-
tion of dexamethasone for up to 180 days has 
been studied in a prospective randomized clinical 
trial of patients with macular edema from various 
etiologies including BRVO and CRVO. The eyes 
with BRVO and CRVO were pooled for analysis 
in this study. The primary outcome was the per-
centage of patients with ten or more ETDRS let-
ters improvement at 90 days. For the pooled 
group of 35 patients with RVO receiving the 
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700  m g implant, 31% had ten or more letters 
improvement at 90 days compared to 15% of 34 
patients in the control group, a result similar to 
the overall study result for all eyes that reached 
signi fi cance with  P  < 0.001. 155  As with other 
forms of intravitreal steroid treatment, anatomic 
success does not equate with functional success 
in many cases, perhaps due to chronicity of the 
edema and cell death. 85  ,  253  

 Because of the lack of sustained effect, the 
high frequency of intraocular pressure elevation, 
the secondary cataract formation in phakic 
patients, and the ef fi cacy of anti-VEGF therapy 
without the side effects, intravitreal steroid treat-
ment for CRVO with ME has not been adopted 
widely. 128  It is useful as a secondary therapy in 
patients refractory to anti-VEGF treatment and 
in pseudophakic patients whose IOP does not rise 
in response to steroids. In the latter group, it has 
the advantage of longer duration of action com-
pared to anti-VEGF treatment and may be chosen 
as  fi rst-line treatment in some instances. A head-
to-head clinical trial of anti-VEGF and intraocu-
lar steroid treatment would be helpful to de fi ne 
the relative effectiveness of these two treatments 
that are both superior to observation.  

    13.4.2.6   Vitrectomy 

 Pars plana vitrectomy with various adjunctive 
maneuvers including ILMP, PRP, and intravit-
real or subretinal injection of various drugs has 
been tried as treatment for CRVO with ME. 60  ,  111  ,  
118  ,  153  ,  160  ,  176  ,  177  ,  204  ,  230  ,  271  In an uncontrolled case 
series of 14 eyes, preoperative mean VA 
improved from Snellen decimal VA of 0.17–0.31 
at 12 months after surgery. 271  Better preopera-
tive VA and earlier intervention have been cor-
related with better  fi nal VA. 230  ,  271  In four 
uncontrolled series, the consistent  fi nding was 
that macular thickness could be decreased with 
this surgery, but that VA did not improve as con-
sistently. 60  ,  118  ,  176  ,  230  Timing of intervention was 
suggested to be important with earlier interven-
tion associated with more favorable visual 
results than later intervention. 60  ,  176  ,  230  In one 
series, the effectiveness did not depend on per-
fusion status of the retina. 177  

 Vitrectomy for macular edema associated with 
CRVO signi fi cantly improves vision-related quality 
of life. 204  Three months after surgery, the composite 
score on the VFQ-25 improved from a preoperative 
mean of 60.4 ± 17.6 to 66.4 ± 11.0 ( P  < 0.05). 204     

    13.5   Treatment of Intraocular 
Neovascularization 

    13.5.1   Sector Panretinal Laser 
Photocoagulation for Retinal 
and Disc Neovascularization 
After Branch Retinal Vein 
Occlusion 

 The natural history of major BRVO is that 
19–22% will develop NVE or NVD, of which 
61–90% will suffer vitreous hemorrhage (VH) 
(see Chap.   10    ). 92  ,  106  Case series and later two ran-
domized clinical trials have demonstrated the 
ef fi cacy of sector PRP for reducing VH associ-
ated with retinal neovascularization after major 
BRVO. 24  ,  81  ,  92  With sector PRP, the percentage 
developing NVE or NVD and going on to VH 
can be reduced to 30%. 24  

 Treatment can be given with or without retrob-
ulbar anesthesia. In the BVOS, 74% of treatments 
were accomplished with topical anesthesia alone, 
and 26% required the addition of retrobulbar 
anesthesia. 24  Techniques to reduce pain during 
PRP include shortening the duration of the pulses 
and using micropulse laser photocoagulation. 5  ,  234  
Laser spot size is typically 200–500  m  with a burn 
separation of one burn width between adjacent 
burns, is given no closer than two disc diameters 
from the center of the macula, and covers the area 
of retinal hemorrhage and capillary nonperfusion 
in the involved sector of the retina. 

 The intensity of laser burns has decreased over 
the years. In the BVOS, the burn intensity was 
prescribed as medium-white. Now panretinal laser 
burns are prescribed to be gray-white (lighter). 

 Experimental models of BRVO show that pre-
retinal PO 

2
  values are higher over photocoagulated 

http://dx.doi.org/10.1007/978-1-4614-3439-9_10
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than nonphotocoagulated regions of the retina. 
Thus, the hypothesis that laser photocoagulation 
improves the diffusion of oxygen from the choroid 
to the inner retina appears to be correct. 224  ,  268  

 It is important to photocoagulate the entire 
area of ischemic retina. 224  In some cases, guid-
ance with FA can be helpful in assessing the 
extent of ischemic retina, although this test is not 
routinely needed. 

 The BVOS suggested that sector PRP be given 
only upon development of NVD or NVE, not 
prophylactically for the presence of capillary 
nonperfusion alone. However, the study authors 
admitted that the study was not designed to 
answer the question when sector PRP should be 
given. 24  A separate prospective study reached the 
same conclusions as the BVOS. 106  One reason for 
waiting until neovascularization develops is that 
many BRVOs are in the superior quadrants and 
superior sectoral PRP can worsen the important 
inferior visual  fi eld. 231  Other retrospective studies 
have disagreed with the recommendations of the 
BVOS and instead advocated sector PRP upon 
the presence of capillary nonperfusion without 
retinal or disc neovascularization, the rationale 
being the observed reduction in incidence of neo-
vascularization when this course was followed. 
The recommendation of the BVOS was made 
because it provided suggestive evidence that there 
is time to do sector PRP once neovascularization 
appears without incurring a higher incidence of 
vitreous hemorrhage or an adverse visual out-
come. A calculation was made that 12% of non-
perfused eyes treated before the onset of 
neovascularization would develop vitreous hem-
orrhage anyway, compared to 9% if eyes were 
not treated until neovascularization developed. 24  
Moreover, the more conservative approach of 
withholding sector PRP until the development of 
neovascularization prevents unnecessary treat-
ment of the proportion of eyes with capillary 
nonperfusion that do not progress to retinal or 
disc neovascularization. 24  The BVOS approach 
assumes that eyes are followed up at 4-month 
intervals until the risk of neovascularization is 
judged to be minimal, an interval never explicitly 
stated. Based on the author’s clinical experience, 
this interval is probably on the order of 1 year. 

 Atrophy of preretinal neovascularization after 
sector PRP is usually evident within 2 months 
after treatment. Re-treatments may be needed 
especially in cases partially obscured by overly-
ing vitreous hemorrhage. 92   

    13.5.2   Vitrectomy for Intraocular 
Neovascularization with 
Vitreous Hemorrhage 

 As with all cases of nonclearing vitreous hemor-
rhage, those associated with BRVO and secondary 
retinal or optic disc neovascularization are uncon-
troversially addressed by vitrectomy. 253  A case 
series of 113 eyes undergoing vitrectomy for com-
plications of BRVO found that need for reopera-
tion was more frequent in cases with partial rather 
than complete posterior vitreous detachment. 275  

 Vitrectomy is commonly used to manage 
patients with traction retinal detachment associ-
ated with RVO. The techniques are standard with 
no RVO-speci fi c maneuvers relative to this par-
ticular indication. 242   

    13.5.3   Laser Panretinal 
Photocoagulation for Anterior 
Segment Neovascularization 

 Panretinal photocoagulation was shown to be 
effective in causing regression of anterior seg-
ment neovascularization following CRVO in the 
1970s. 156  ,  182  ,  321  Both argon laser and xenon arc 
PRP were found to be effective in reducing the 
frequency of progression of eyes with ischemic 
CRVO to neovascular glaucoma. 156  ,  157  ,  182  ,  321  Xenon 
arc PRP was abandoned because of the high rate 
of complications including choroidal detachment, 
iris burns, and secondary preretinal  fi brosis. 182  
VA was not improved by treatment. 156  ,  157  ,  182  ,  321  
Later studies showed that PRP works by reduc-
ing intraocular levels of VEGF. 23  ,  157  ,  279  In some 
instances, more than one session of laser is nec-
essary to cause the new vessels to regress. 
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Approximately 9% of eyes do not respond to 
PRP, and the new vessels fail to regress. 278  

 The ef fi cacy of PRP in preventing NVG is a 
topic of controversy with some maintaining 100% 
ef fi cacy and others claiming no difference in rate of 
NVG compared to an unlasered control group. 103  ,  175  
Because only 70% of cases of NVI and 83% of 
cases of NVA after CRVO progress to NVG, and 
because PRP reduces peripheral visual  fi eld, some 
have argued against using PRP at onset of NVI. 108  

 Although early case series and pilot trials of 
PRP suggested that treatment could prevent 
ASNV in ischemic CRVO leading some to advo-
cate prophylactic PRP in ischemic CRVO, the 
CVOS refuted this idea. 156  ,  157  ,  182  ,  278  In the CVOS, 
patients receiving PRP prophylactically went on 
to develop ASNV at a statistically indistinguish-
able rate from patients not receiving PRP, but suf-
fered from a lesser response to further PRP once 
NVI occurred than patients who received their 
initial treatment at the time that ASNV was 
detected. Therefore, the preferred management 
strategy is frequent follow-up after an acute 
CRVO with initiation of PRP once NVI or NVA 
is detected. 278  Although the threshold for apply-
ing PRP in the CVOS was that two or more clock 
hours of NVI be present, many clinicians con-
sider detection of any NVI suf fi cient to trigger 
this intervention. After PRP for ASNV, follow-up 
is needed in 2–4 weeks to be sure that ASNV is 
regressing and not advancing. If nonregression or 
advancement is found, further PRP may be 
needed. 278  PRP in eyes with ischemic CRVO is 
associated with an increase in mid-peripheral 
retinal blood  fl ow, but not back to levels observed 
in normal control eyes. 8  Macular retinal blood 
 fl ow is unaffected by PRP. 8  

 Because not all cases of NVI after CRVO 
progress to NVG, and because PRP reduces the 
peripheral visual  fi eld, some have argued against 
PRP for all cases of NVI after CRVO. 72  ,  167  ,  217  This 
group advocates the application of PRP only after 
documentation of progression of NVI upon 
weekly undilated slit lamp and gonioscopic eval-
uation. Perhaps because of the clinical burden of 
so many visits, this approach to management has 
not been widely adopted. 

 PRP for ASNV is effective in causing regres-
sion in 37–77% of cases after CRVO. 23  ,  27  ,  72  In 

patients with regression of ASNV after PRP, 
aqueous VEGF concentrations fall below 550 pg/
ml. 23  By comparison, the aqueous VEGF levels in 
eyes undergoing cataract surgery range from 5 to 
96 pg/ml. 23  Regression of ASNV after PRP takes 
from 5 to 50 weeks with a median time of 
23 weeks. 23  Increasing patient age and presence 
of POAG are factors associated with a reduced 
rate of response of ASNV to PRP. 72  In one series 
of 29 consecutive cases of NVG following CRVO, 
41% ended with no light perception; 3% were 
enucleated for painful, blind eyes; and 38% ended 
with blind but comfortable eyes. 72   

    13.5.4   Intravitreal Injection of Anti-
vascular Endothelial Growth 
Factor Drugs for Intraocular 
Neovascularization 

 Intravitreal bevacizumab injections can cause 
temporary regression of ASNV, NVE, and NVD 
after RVO, but must be given repetitively. 130  
Intravitreal injection of anti-VEGF drugs can buy 
time for the application of PRP with its more sus-
tained effects. 4  ,  17  

 In certain cases, despite PRP, retinal neovas-
cularization persists, and recurrent vitreous 
hemorrhage occurs. Case reports of intravitreal 
bevaci zumab injection causing regression of the 
neovascularization and cessation of vitreous hemor-
rhage at least for a short term have been reported. 4  

 Some patients with CRVO are  fi rst seen when 
they develop NVG. In these cases, combination 
methods with injection of anti-VEGF drugs, PRP, 
and subsequent trabeculectomy with mitomycin 
C or with a tube shunt can be effective. In one 
series of 17 eyes of 15 patients, regression of 
ASNV occurred in 82.4% of eyes. 7    

    13.6   Economic Considerations 

 Treatments for ME associated with RVO on aver-
age produce VA outcomes superior to the natural 
history of the untreated condition. Whereas these 
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improvements are statistically signi fi cant, they 
are modest. Smiddy has de fi ned a quantity called 
lines of vision saved as the difference of mean 
lines of vision gained in an index study proving 
ef fi cacy of a treatment and the lines of vision lost 
(or gained) from the natural history control group, 
preferably obtained within the same study but 
sometimes obtained from a different natural his-
tory sample of patients. 258  The lines of vision 
saved are a number that applies to 1 year of treat-
ment. Similarly a cost of care  fi gure can be calcu-
lated based on assumptions of frequency of 
examinations, intensity and types of ancillary 
tests obtained, and the costs of the treatments. 
From this the cost per line of vision saved (CLVS) 
can be calculated for the various treatments over 
the course of a year. Table  13.8  lists the results of 
such a calculation. For BRVO, the CLVS varies 
by a factor of 26. For CRVO, the cost per line 
saved per year varies by a factor of 11. 258    

    13.7   Future Directions 

 For patients who are seen shortly after the onset 
of RVO, practical and effective treatments that 
lyse the underlying thrombosis without serious 
systemic hemorrhagic complications remain a 
goal, despite many failed attempts taking this 
approach. 

 Drugs that could reduce VEGF upregulation 
in response to retinal hypoxia would be 

 theoretically attractive and could reduce the bur-
den of anti-VEGF drug injections. 

 As the understanding of the pathophysiology 
and biochemistry of RVO increases, new targets 
for therapy come to light. Examples include 
decursin, which prevents VEGF-mediated loss of 
tight junction proteins including ZO-1/-2 and 
occludin. Such a drug might prevent blood–retina 
barrier disruption. 136  

 Antibodies targeting soluble VEGF receptor 2 
and soluble ICAM-1 might bene fi t patients with 
BRVO and ME who fail to respond to anti-VEGF 
antibodies and fusion proteins. 195  

 Inhibitors of VEGFR2/Src kinase prevent 
VEGF-mediated increase in vascular permeability 
and reduce retinal edema in experimental retinal 
ischemia. Finding a safe and effective molecule 
for human RVO based on this mechanism would 
be a novel approach. 248  

 In animal models of BRVO, a peripheral zone 
of ischemic retina may undergo delayed apopto-
sis after acute BRVO analogous to the ischemic 
penumbra noted in acute brain ischemia. Caspase 
activation is a leading candidate as the mediator 
for this ischemic apoptosis, and caspase inhibi-
tors such as Z-VAD decrease the amount of apop-
tosis in a miniature pig model of BRVO. 66  
Translation into a safe treatment for human RVO 
has not been accomplished yet. 

 A chance observation that ME associated with 
BRVO improved when a patient with rheumatoid 
arthritis received intravenous injections of 
in fl iximab, an anti-tumor necrosis factor  a  anti-
body (TNF- a ), or etanercept, a dimeric fusion 

   Table 13.8    Cost per line of vision saved for treatments used to manage retinal vein occlusion with macular edema   

 Treatment, type of RVO  Lines saved/year  Cost per year ($)  Cost per line saved ($)  Reference 

 Grid laser, BRVO  1.33  1,692  1,539   277  
 IVTI, BRVO  1.4  1,583  1,131   281  
 Dex implant, BRVO  0.74  2,212  2,990   93  
 Pegaptanib, BRVO  2.57  12,540  4,898   304  
 Bevacizumab, BRVO  4.92  2,432  494   305  
 Ranibizumab, BRVO  2.20  28,685  13,039   36  
 IVTI, CRVO  2.18  1,536  704   280  
 Dex implant CRVO  1.2  2,359  1,961   93  
 Pegaptanib, CRVO  2.62  13,638  5,205   303  
 Bevacizumab, CRVO  3.75  4,409  1,176   306  
 Ranibizumab, CRVO  2.82  21,464  7,611   29  

  The natural history of BRVO is a 0.23 line spontaneous improvement over the course of the  fi rst year. 277  The natural 
history of nonischemic CRVO is a 0.60 line spontaneous loss of vision over the course of the  fi rst year. 278   
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protein consisting of the extracellular domain of 
the TNF receptor II and the Fc region of human 
immunoglobulin, suggests that such agents may 
have a role in this condition. 129  The treatment has 
biologic plausibility because TNF- a  is known to 
disrupt the blood–retina barrier. 170  

 Antisense oligodeoxynucleotides bind to the 
VEGF mRNA preventing translation. This form 
of therapy could potentially block both basal and 
induced VEGF production after RVO. Basal RPE 
production of VEGF has been hypothesized to be 
necessary for choriocapillaris maintenance, and 
VEGF blockade could conceivably harm this 
necessary function. 249   

    13.8   Summary of Key Points 

    Understanding the mechanism of action of • 
treatments for RVO and their side effects 
informs the choice of appropriate treatment 
and sequence of treatments when initial ther-
apy produces a suboptimal response.  
  Injection therapy (e.g., anti-VEGF drugs) can • 
be given immediately for BRVO with ME. 
Grid laser usually follows a 3 or more month 
period of observation as intraretinal hemor-
rhage clears and perfusion status becomes 
de fi ned.  
  There are nonresponders to every treatment. • 
Therefore, having multiple effective treat-
ments is desirable.  
  Systemic therapy for RVO, including throm-• 
bolysis, anticoagulation, and treatment of 
hyperhomocysteinemia, has shown little prom-
ise and is rarely examined.  
  Isovolumic hemodilution has demonstrated • 
ef fi cacy in RVO with ME but is not used in the 
United States and less often used now in 
Europe than formerly. This probably re fl ects a 
small effect of IH relative to the time and 
expense involved, and the appearance of intra-
vitreal injections of anti-VEGF drugs, which 
seem more effective.  
  The most important systemic medical treatment • 
for RVO is detection and treatment of unsus-
pected or inadequately treated hypertension.  

  GL is modestly effective for BRVO with ME • 
without ischemia.  
  Serial intravitreal injections of anti-VEGF • 
drugs for BRVO with ME are markedly effec-
tive, but costly.  
  Serial intravitreal injections of anti-VEGF • 
drugs for CRVO with ME are markedly effec-
tive, but costly.  
  Serial intravitreal injections of triamcinolone • 
are not more effective for BRVO with ME 
than GL.  
  Serial intravitreal injections of triamcinolone • 
are more effective for CRVO with ME than 
observation, but with side effects of universal 
cataract development or worsening in phakic 
patients and intraocular pressure elevation in a 
signi fi cant fraction of cases.  
  An intravitreal dexamethasone insert is effec-• 
tive for RVO with macular edema. Cataract 
development in phakic patients is common, as 
well as intraocular pressure elevation control-
lable with topical therapy.  
  Anti-VEGF therapy does not address the • 
underlying problem in RVO, and reinjections 
are frequently needed.  
  Vitrectomy can reduce macular edema in RVO • 
with ME, but less commonly improves visual 
acuity, perhaps because it tends to be used 
later in the course of RVO after less invasive 
therapies fail.         
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 The prevalence of retinal vein occlusion (RVO) 
depends strongly on age, becoming more com-
mon with increasing age (see Chap.   5    ). Younger 
patients with RVO form an important subset 
of patients because the common risk factors are 
less common in this group (see Chap.   6    ). 35  The 
de fi nition of “younger” varies among reports. 
The cutoff point between younger and older ages 
varies from 40 to 60. 2  ,  16  ,  28  Estimates for the size of 
this subgroup vary and are somewhat weak 
because of the absence of population-based 
data. 28  Case series have reported that 5–12% of 
patients with RVO are under age 45. 16  ,  28  

 Abbreviations commonly used in the discus-
sion of RVO in the younger patients are listed in 
Table  14.1 . Each abbreviation is spelled out at its 
 fi rst occurrence.  

    14.1   Pooled Retinal Vein Occlusions 
in the Young 

 The association of pooled RVO with hypertension 
depends on age. In a study of 87 patients with 
RVO divided into those less than 50 years old and 
those 50 years or older, hypertension occurred 
three times as frequently in the older group, but 
other systemic factors were approximately similar 
in frequency. 6  Younger patients had a higher prev-
alence of alcohol consumption than older patients 
(21% vs. 8%,  P  < 0.01) in this study. 6  The preva-
lence of hyperlipidemia, diabetes, and smoking 
were similar between the two age groups. 6  

 It has been suspected that searches for throm-
bophilic genetic mutations or an in fl ammatory 
etiology might be more fruitful in younger patients 
with pooled RVO under the assumption that the 
more common risk factors – hypertension, hyper-
lipidemia, diabetes mellitus, and cardiovascular 
disease – would be less important in younger 
patients. 6  ,  8  ,  24  However, the evidence suggests that 
this is not the case. 1  ,  8  Associations of the 
5,10-methylenetetrahydrofolate reductase 677T 
mutation and prothrombin 20210A mutation and 
pooled RVO were not signi fi cant in patients under 
age 60 years. 2  Most studies examining the asso-
ciation of the factor V Leiden mutation (FVLM) 
with pooled RVO in younger patients have not 
found an association, 3  ,  17  ,  18  ,  31  although a minority 
have (see Chaps.   3     and   6    ). 5  ,  20  Indices of a systemic 
in fl ammatory state, such as the erythrocyte sedi-
mentation rate, have not differed between younger 
and older patients with RVO. 6  

    Chapter 14   
 Retinal Vein Occlusions in the Young       

        

   Table 14.1    Abbreviations used in retinal vein occlusions 
in the young   

 Abbreviation  Term 

 ASNV  Anterior segment neovascularization 
 BRVO  Branch retinal vein occlusion 
 CRVO  Central retinal vein occlusion 
 FVLM  Factor V Leiden mutation 
 NVG  Neovascular glaucoma 
 POAG  Primary open-angle glaucoma 
 PSNV  Posterior segment neovascularization 
 RVO  Retinal vein occlusion 
 SD-OCT  Spectral domain optical coherence 

tomography 
 VA  Visual acuity 

http://dx.doi.org/10.1007/978-1-4614-3439-9_5
http://dx.doi.org/10.1007/978-1-4614-3439-9_6
http://dx.doi.org/10.1007/978-1-4614-3439-9_3
http://dx.doi.org/10.1007/978-1-4614-3439-9_6
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 The role of oral contraceptives in the genesis 
of pooled RVO is an issue con fi ned to younger 
patients. In one series, 10% of the patients of 
age 49 or less who developed RVO were taking 
oral contraceptives. 6  Because there was no age-
matched control group, it is not possible to assess 
whether this percentage differs from that persons 
without RVO. 

 Important differences in prognosis exist 
between pooled RVO in younger and older age 
cohorts. In general, younger patients have an 
improved prognosis compared to older patients if 
they develop nonischemic RVO. For both groups, 
however, onset of an ischemic RVO portends a 
guarded VA outcome. Whereas in the older group, 
an ischemic RVO usually implies more severe 
associated vascular risk factors, in the young it 
implies a higher probability of  fi nding associated 
vascular risk factors.  

    14.2   Branch Retinal Vein Occlusion 
in Younger Patients 

 In a clinic-based study of 375 consecutive BRVOs, 
5% occurred in patients of 45 years old and 
younger. 16  In a case-control study of 60 patients 
with BRVO of age 49 or less and 123 age-matched 
controls, there were three independently signi fi cant 
systemic associations – hypertension, hyperlipi-
demia, and increased body mass index (BMI). 23  

 Subgroup analyses of younger patients with 
BRVO showed no association of any of the six 
following thrombophilic genetic risk factors: fac-
tor II 20210A, factor V 506Q,  fi brinogen  b -455A, 
factor XII 46T, GPIa 807T, and GPIIIaPI A2.  35  In 
another case-control study of patients with BRVO 
of age 55 or less, low protein C, protein S, and 
antithrombin levels (all of which would be proco-
agulant) were not more prevalent in cases than in 
controls. 22  Prevalence of antiphospholipid anti-
bodies was not higher compared to controls. 22  
Paradoxically, an elevated protein C was more 
common in CRVO in patients of age 55 and 
younger compared to controls re fl ecting activa-
tion of systemic thrombolysis, perhaps related to 
an acute thrombotic event. 22   

    14.3   Central Retinal Vein Occlusion 
in Younger Patients 

 CRVO is not rare in young persons and many 
cases have been documented in patients younger 
than 20. 8  In various large case series, the percent-
ages of patients with CRVO under age 40 and 50 
were 8–10% and 10–20%, respectively. 10  ,  16  ,  19  ,  26  ,  33  
In a case series of 667 patients, 16% of the nonis-
chemic cases and 7% of the ischemic cases were 
under age 45 years, respectively. 15  In a clinic-
based study of 154 consecutive HCRVOs, 10% 
occurred in patients 45 years old or younger. 16  

 There has been inconsistent information pub-
lished regarding gender differences in younger 
patients with CRVO. Some studies report male pre-
dominance, but others report no difference. 8  ,  21  ,  29  ,  30  ,  34  

 After CRVO in a younger person, it is not 
uncommon to discover unsuspected hyperten-
sion, diabetes, hyperlipidemia, or primary open-
angle glau coma (POAG). Therefore, investigation 
for these conventional risk factors is indicated 
routinely after the diagnosis of CRVO. 7  ,  8  ,  21  ,  30  The 
prevalence of associated systemic disease in 
young adults with CRVO has ranged from 40% to 
91% in various reports depending on the compul-
siveness of the search. 7  ,  8  ,  21  ,  30  Although some 
unsuspected cases of vascular risk factors will be 
discovered in young patients who present with 
CRVO, in many cases the search will be unpro-
ductive. In these cases, it has been speculated that 
the patients have a congenital anomaly of the 
central retinal vein predisposing to turbulent 
blood  fl ow at the lamina cribrosa, but evidence 
for this has not been reported. 34  

 Systemic and ocular associations with CRVO 
in younger patients may be dependent on ethnic-
ity and environmental factors. In one study of 103 
younger Americans with CRVO, the top three 
associated conditions were hypertension (25%), 
hyperlipidemia (21%), and POAG (7%). 8  In a sec-
ond study of 67 younger Americans with CRVO, 
the top three associated conditions were hyperten-
sion (22%), diabetes mellitus (12%), and hyperc-
holesterolemia (6%). 30  In contrast, a study of 25 
younger Chinese with CRVO found the top three 
associated conditions to be hypercholesterolemia 
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(65%), hypertriglyceridemia (64%), and hyperho-
mocysteinemia (42%). 21  

 As in older patients with CRVO, the literature 
is inconsistent with regard to prevalence of hyper-
homocysteinemia in younger patients with CRVO. 
In those cases of CRVO in which plasma homo-
cysteine is elevated, it is unknown whether ele-
vated homocysteine is a marker for increased risk 
of thrombosis or is the cause of the thrombosis. 21  ,  22  
For example, one study found that 42% of 22 
patients age 40 or less with CRVO had hyperho-
mocysteinemia, but many of them had renal fail-
ure, stroke, and hypertension, which could have 
caused secondary elevations of homocysteine. 21  
Because of uncertainty as to cause, it is controver-
sial whether to treat elevated homocysteine in 
younger patients with CRVO with folic acid, vita-
min B6, or vitamin B12 (see Chaps.   6     and   13    ). 22  
When authors recommend such treatment, it is 
generally a weak recommendation. 32  

 The literature is inconsistent about whether 
resistance to activated protein C from the FVLM 
is more prevalent in patients with CRVO who are 
younger than 50. 10  ,  20  ,  24  Two of these studies lacked 
an internal control group, making interpretation 
dif fi cult. In a young patient with bilateral RVO, 
or a personal or family history of thromboses, a 
search for this thrombophilic trait may be indi-
cated because the carrier frequency of the FVLM 
in white Americans is 5.27%. If the FVLM were 
to be found, it would be reasonable to advise the 
patient to avoid other risk factors that might com-
pound risk for thrombosis. For example, all of the 
following might be advised if applicable: cessa-
tion of smoking, elimination of obesity, avoid-
ance of oral contraceptives or postmenopausal 
estrogen replacement therapy, and anticoagula-
tion if surgery or immobilization must occur. 10  

 Baseline VA may be informative regarding 
systemic associations in these patients. In one 
series, when the VA at baseline was 20/40 or bet-
ter, there were few systemic associations. 4  When 
the VA at baseline was less than 20/40, associated 
hypertension was found in 43% compared to none 
in an age-matched control group ( P  = 0.005). 

 Several early reports of CRVO in the young 
posited an in fl ammatory etiology, terming the con-
dition benign retinal vasculitis, papillophlebitis, 

optic disc vasculitis, and presumed phlebitis of the 
optic disc. More recently, the lack of evidence to 
support an in fl ammatory etiology has led to the 
conclusion that these patients simply have typical 
CRVO. 6  ,  8  ,  12  ,  34  Whereas the sheathing occasionally 
seen after resolution of the acute phase was for-
merly considered to indicate a vasculitis, it is rec-
ognized now that such sheathing can occur in 
nonvasculitic CRVO (see Fig.   7.6    ). 11  ,  25  ,  34  In most 
cases, the presentations described by earlier authors 
are consistent with a nonischemic CRVO. 34  

 The clinical picture of CRVO in the young has 
some differences from that in the older patient. In 
young patients, the retinal capillaries can with-
stand high transmural pressure gradients with 
few intraretinal hemorrhages and little or no ME, 
at least for a period of time. 27  The main  fi nding in 
nonischemic cases may be venous dilation and a 
darkening of the venous blood column (Fig.  14.1 ). 
More ischemic cases and cases that persist over 
time may evolve to a fundus picture similar to 
that of CRVO in older patients (Fig.  14.2 ). Other 
anecdotal differences include observations of an 
increased proportion of optic disc edema in the 
young compared to the old and an impression 
that resolution of edema may take longer in the 
young to resolve. Statistical support for these 
suggestions is lacking. 25  ,  34    

 The literature regarding the capillary perfu-
sion status of CRVO in young patients is incon-
sistent. Some reports state that the proportions of 
CRVOs that are nonischemic and ischemic in 
younger patients are approximately similar to 
the proportions noted in older patients. Noni-
schemic cases make up 64–73% of the total. 8  ,  21  
Others document a greater proportion of nonis-
chemic CRVOs in younger patients. 14  ,  34  Consi-
stently documented lower rates of ASNV 
(ASNV) and NVG (NVG) following CRVO in 
younger patients tend to support the validity of 
the latter perspective. 26  ,  29  ,  34  Two case series sug-
gest that the rate of conversion of CRVOs from 
nonischemic to ischemic is lower in younger 
than in older patients. 8  ,  14  

 Cilioretinal arteriolar insuf fi ciency or occlusion 
may be more common in younger patients than 
older patients with CRVO (Fig  14.3 ). In a case 
series of 21 patients of age 40 or less, 10% had 

http://dx.doi.org/10.1007/978-1-4614-3439-9_6
http://dx.doi.org/10.1007/978-1-4614-3439-9_13
http://dx.doi.org/10.1007/978-1-4614-3439-9_7
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cilioretinal artery occlusion. 34  In series without an 
age criterion, the analogous  fi gure was 4%. 8  ,  13   

 Some data on initial VAs and  fi nal VAs of 
younger patients with CRVO are reproduced in 
Table  14.2 . The overall theme is that younger 
patients with CRVO who present with good VA 

will worsen approximately 45% of the time. 30  
Patients with poor baseline VA will uncommonly 
improve (20% of the time). Patients with interme-
diate baseline VA can evolve in either direction 
with roughly equal probability. 30  The baseline VA 
in younger patients with CRVO is less predictive 

  Fig. 14.1    Fundus images of a 32-year-old man with 
treated hypertension who developed a shimmering quality 
to his vision in the right eye and was found to have a 
nonischemic central retinal vein occlusion. The VA was 
20/16. The blood pressure was 138/96. He had seen an 
ophthalmologist who had placed him on levobunolol 0.5% 
to the right eye twice daily. ( a ) Color fundus photograph 
of the right eye shows darkened venous blood and dilated 
veins (the  black arrow ). A few cotton wool spots are pres-
ent ( green arrow ). The nasal optic disc shows mild edema 
and a punctuate peripapillary hemorrhage. ( b ) Frame 
from the early-phase  fl uorescein angiogram shows good 
capillary perfusion of the macula. ( c ) Frame from the late-
phase  fl uorescein angiogram of the right eye shows prom-
inent leakage of  fl uorescein from the optic disc and the 
peripapillary major veins ( yellow arrow ). This appearance 
led earlier clinicians to suggest that this entity was a 

 primary papillophlebitis, although investigation for 
in fl ammatory disorders was usually negative. ( d ) Line 
scan from the spectral domain OCT (SD-OCT) at the ini-
tial visit shows no overt macular edema. ( e ) False-color 
maps from the SD-OCT at the initial visit (5/19/2010) and 
follow-up visit (7/28/2010) showing that some subclinical 
edema was present at presentation that has resolved over 
2 months of follow-up off the levobunolol. All sub fi elds 
show reduced thickness. The patient had no evidence of 
primary open-angle glaucoma in either eye at presenta-
tion, therefore the levobunolol was discontinued. Ocular 
hypotensive therapy is commonly used for acute CRVO, 
but this practice is irrational. It does not help to resolve the 
thrombus, and it will worsen macular edema by lowering 
intraocular pressure in the face of an elevated intraocular 
venous pressure (see Sect.   2.3.2       )         

 

http://dx.doi.org/10.1007/978-1-4614-3439-9_2#Sec16
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of  fi nal VA and clinical course than in older 
patients. 30   

 The visual prognosis for nonischemic CRVO 
is better in young patients than in older patients 
(Table  14.3 ). In a series of 87 patients with CRVO 
and age less than 45, no patient with VA of 20/60 
or better at presentation had VA deterioration and 
80% of the patients with VA of 20/70 or worse 
improved by three or more Snellen lines by the 
end of 2- to 5-years of follow-up.    This differed 
from the prognosis in 472 patients of age 45 or 
greater, in which 15% of the nonischemic CRVO 
eyes with better VA declined by three or more 
Snellen lines and only 56% of those in the initial 
worse VA group improved by three or more 

Snellen lines. 14  An independent clinical series of 
19 patients under the age of 50 compared to 26 
patients of age 50 or older echoed this theme. 4  
Smaller studies have reported less sanguine VA 
outcomes but had lower quality study designs 
subject to various forms of bias. 8  ,  21  The relatively 
good prognosis on average in CRVO among 
young patients may re fl ect the absence of con-
comitant arterial disease in this age group. 4  ,  11   

 For ischemic CRVO in the young, the litera-
ture on visual prognosis is less consistent 
(Table  14.3 ). In one series of 17 patients with 
mean follow-up of 35.3 months, baseline VA was 
20/200 or less in 41% but  fi nal VA was 20/200 or 
less in 18%, suggesting an improved prognosis 
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  Fig 14.3    Fundus images of a 36-year-old woman who 
developed acute blurring of the right eye from a nonischemic 
central retinal vein occlusion. The VA was 20/20. Cilioretinal 
arteriolar insuf fi ciency was present. ( a ) Monochromatic fun-
dus photograph of the right eye showing an area of ischemic 
retinal whitening (the  yellow arrow ) corresponding to the 
distribution of an inferotemporal cilioretinal artery (the  tur-
quoise arrow ). ( b ) Frame from the early-phase  fl uorescein 
angiogram showing the cilioretinal artery (the  turquoise 
arrow ) and excellent capillary perfusion in spite of the isch-
emic retinal whitening (the  yellow arrow ). ( c ) Frame from 

the late-phase  fl uorescein angiogram showing no leakage of 
 fl uorescein from the microvasculature in the area of whiten-
ing ( yellow arrow ). The orange  arrow  denotes a hypofl uores-
cent intraretinal hemorrhage   . ( d ) Monochromatic fundus 
photograph of the same eye taken 4 years later. All signs of 
CRVO have resolved. The cilioretinal artery is denoted by 
the turquoise arrow. The patient had no scotoma and the VA 
was 20/12.5. Ischemic retinal whitening in cilioretinal arte-
riolar insuf fi ciency associated with nonischemic CRVO does 
not equal retinal infarction (see Chap.   7    ). The    whitening can 
resolve with no residual ocular signs or symptoms       

  Fig. 14.2    Fundus images of a 53-year-old man with 
hypertension and a smoking habit who suddenly lost 
vision in the right eye from a central retinal vein occlu-
sion. The VA was counting  fi ngers. ( a ) Color fundus pho-
tograph of the right eye shows intraretinal hemorrhages 
and dilated veins in all quadrants. Ischemic retinal whit-
ening is present not only in the distribution of a cilioreti-
nal artery (the  black arrow ), but also in the distribution of 
the central retinal artery (the  green arrow ), implying a 
higher grade of venous occlusion, and by inference a 
higher retinal venous pressure (see Fig.   2.23    ). ( b ) Frame 
from the mid-phase  fl uorescein angiogram showing severe 
capillary nonperfusion (the  yellow oval ) with a disrupted 
foveal avascular zone border (the  green arrow ). ( c ) Frame 

from the late-phase  fl uorescein angiogram showing little 
hyper fl uorescence because the blood  fl ow is reduced so 
much. ( d ) Line scan from a spectral domain OCT study 
that shows marked macular edema. The macular edema is 
cytotoxic, as can be discerned by the high re fl ectivity of 
the signal in the inner retina (the  red arrow ) that blocks 
visualization of the outer retinal structures (the  green 
arrow  denotes a faintly seen retinal pigment epithelial 
layer). There is little vasogenic edema as attested by few 
cysts. There is marked subretinal  fl uid (the  turquoise 
oval ). One month later, this patient returned with neovas-
cularization of the iris. Panretinal photocoagulation was 
recommended to prevent NVG (see Chaps.   11     and   13    )         
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for these probably ischemic eyes. 34  A separate 
series of 11 cases of CRVO in patients of age 45 
or younger, however, documented a poor visual 
prognosis in the ischemic group. 9  

 Intraocular neovascularization of any type 
after CRVO in 67 younger patients followed for 
a mean of 29 months has been reported to occur 
in 18%, ASNV in 11%, posterior segment neo-
vascularization (PSNV) in 9%, and NVG in 
5%. 30  In another study of 103 younger patients 
with CRVO followed for an average of 
32 months, ASNV occurred in 19%, PSNV in 
3%, and NVG in 8%. 8  These percentages are 
generally lower than median percentages 
reported for case series without age constraints 
(see Chaps.   10     and   11    ; Table   11.4    ). Patients 
developing intraocular neovascularization had a 
similar pro fi le of systemic associations com-
pared to patients who did not. 30   

    14.4   Workup in the Younger Patient 
with Retinal Vein Occlusion 

 As for RVO in older patients, the available evi-
dence suggests that in younger patients, investi-
gating for unsuspected hypertension is 
worthwhile. 23  Although some have recommended 

a search for various associated laboratory abnor-
malities if no common vascular risk factors are 
present, the evidence to support the recommen-
dation is poor. 23  Because of the rarity of  fi nding 
thrombophilia in a young patient without vascu-
lar risk factors and with no personal or family 
history of thrombosis or miscarriage, most would 
recommend no special laboratory workup (see 
Chap.   6    ). 29  ,  32   

    14.5   Summary of Key Points 

    The cutoff point in the de fi nition of “younger” • 
varies from 40 to 60 in studies of RVO. 
Therefore, combining results across studies is 
problematic.  
  Approximately 5% of BRVOs, 10% of • 
HCRVOs, and 15% of CRVOs occur in 
patients of age 45 and younger.  
  No thrombophilic associations are recognized • 
in population-based samples of younger patients 
with BRVO or CRVO compared to control 
samples without RVO. Speci fi c patients with 
RVO may have thrombophilia.  
  There is no evidence that CRVO in younger • 
patients has an in fl ammatory basis. Papillo-
phlebitis and benign retinal vasculitis 

   Table 14.2    Initial and follow-up visual acuities in younger patients with CRVO   

 VA group  Initial percentage  Follow-up percentage  F/U time (months)  Reference/ N  

 20/15–20/40  39  35  32 a   Fong    and Schatz 7 /103 
 36  34  6  Recchia et al. 30 /57 

 20/50–20/100  27  14  32 a   Fong and Schatz 7 /103 
 20/50–20/200  44  40  6  Recchia et al. 30 /57 
 20/200–20/400  19  17  32 a   Fong and Schatz 7 /103 
 <20/200  17  25  6  Recchia et al. 30 /57 
 <20/400  17  16  32 a   Fong and Schatz 7 /103 

   VA  visual acuity,  N  number of patients in the study,  F/U  follow-up 
  a Average follow-up time, range 6–132 months  

   Table 14.3    Visual prognosis of central retinal vein occlusion in younger patients depending on capillary perfusion 
status   

 Capillary perfusion status  Improve  ³ 2 lines (%)  No change (%)  Worsen  ³ 2 lines (%)  References 

 Nonischemic  42  49  8  Fong and Schatz 7  
 43  38  19  Kuo et al. 21  

 Ischemic  27  30  43  Fong and Schatz 7  
 0  78  22  Kuo et al. 21  

  There were 103 eyes in the study of Fong and Schatz 7  and 25 eyes in the study of Kuo et al. 21   

http://dx.doi.org/10.1007/978-1-4614-3439-9_10
http://dx.doi.org/10.1007/978-1-4614-3439-9_11
http://dx.doi.org/10.1007/978-1-4614-3439-9_11
http://dx.doi.org/10.1007/978-1-4614-3439-9_6
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 (historical terms for CRVO in younger 
patients) are misnomers.  
  Younger patients with CRVO may show fewer • 
retinal hemorrhages, a lower incidence of 
macular edema, and more frequent cilioretinal 
artery insuf fi ciency or occlusion than older 
patients with CRVO.  
  The relative proportions of nonischemic and • 
ischemic CRVOs among younger patients are 
approximately the same as in older patients.  
  Younger patients with nonischemic CRVO • 
have a better VA prognosis than older patients 
with nonischemic CRVO.  
  Younger patients with ischemic CRVO have • 
as poor a VA prognosis as older patients with 
ischemic CRVO, but the younger patients 
progress to neovascular complications less 
often.  
  In the absence of a personal or family history • 
of thrombosis, miscarriage, or bilateral or mul-
tiple RVO, no special laboratory workup is rec-
ommended for younger patients with RVO.         
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 The history of treatments for many diseases is 
often as notable for failures as for successes. For 
retinal vein occlusions (RVO), the list of failed 
therapies is particularly long. A review of the fail-
ures and an analysis of the reasons may be helpful 
for future attempts at devising more successful 
therapy than we currently have. Reasons for  failure 
range widely: treatment is based on an erroneous 
conception of pathogenesis, too many complica-
tions relative to successes, and insuf fi cient ef fi cacy 
relative to cost. Some treatments have not been 
failures, but have not been adopted for other rea-
sons. An example would be laser chorioretinal 
venous anastomosis (LCRVA) for nonischemic 
central retinal vein occlusion (CRVO). A random-
ized, controlled clinical trial has shown that 
LCRVA is ef fi cacious compared to observation. 39  
Nevertheless, the treatment has not been adopted 
because other treatments (e.g., intravitreal injec-
tions (IVI) of antivascular endothelial growth fac-
tor (VEGF) drugs) have been perceived, although 
not proven in head-to-head comparison, to be bet-
ter. 6  These unadopted treatments are also covered 
here. Abbreviations commonly used in the discus-
sion of failed and unadopted treatments for RVO 
are listed in Table  15.1 . Each abbreviation is 
spelled out at its  fi rst occurrence.  

    Chapter  15 
   Failed and Unadopted Treatments 
for Retinal Vein Occlusions       

              

   Table 15.1    Abbreviations used in failed and unadopted 
treatments for retinal vein occlusions   

 Abbreviation     Term 

 ASNV  Anterior segment 
neovascularization 

 BRVO  Branch retinal vein occlusion 
 CRVO  Central retinal vein occlusion 
 CVOS  Central vein occlusion study 
 DD  Disc diameter 
 FA  Fluorescein angiogram 
 HCRVO  Hemicentral retinal vein occlusion 
 IU  International unit 
 IVI  Intravitreal injection 
 logMAR  Logarithm of the minimum angle 

of resolution 
 LCRVA  Laser chorioretinal venous 

anastomosis 
 ME  Macular edema 
 mfERG  Multifocal electroretinogram 
 POAG  Primary open-angle glaucoma 
 PSNV  Posterior segment 

neovascularization 
 PRP  Panretinal photocoagulation 
 REVS  Retinal endovascular surgery 
 RON  Radial optic neurotomy 
 RVO  Retinal vein occlusion 
 TPA  Tissue plasminogen activator 
 VA  Visual acuity 
 VEGF  Vascular endothelial growth factor 
 W  Watt 
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    15.1   Failed and Unadopted 
Treatments for Branch 
Retinal Vein Occlusion 

    15.1.1   Sector Panretinal Laser 
Photocoagulation for 
Serous Retinal Detachment 
in Branch Retinal Vein 
Occlusion 

 Sector panretinal laser photocoagulation (PRP) 
has been used in a case series for serous retinal 
detachment after branch retinal vein occlusion 
(BRVO). Ef fi cacy was suggested, but in the 
absence of a control group it is dif fi cult to know 
if the outcomes after treatment are better than the 
natural history. 48   

    15.1.2   Laser Chorioretinal 
Venous Anastomosis 
for Branch Retinal Vein 
Occlusion with 
Macular Edema 

 LCRVA, originally devised for nonischemic 
CRVO with ME, has also been applied for nonis-
chemic BRVO with ME, but no randomized con-
trolled clinical trial has proven its ef fi cacy in this 
setting, unlike the situation with CRVO. 13  
Successful anastomosis has been reported in 50% 
of treated cases, usually within 2 months of treat-
ment. 13  One to three lines of improvement has 
been reported in 33% of cases. 13  Technical details 
of the procedure are the same as for CRVO (see 
Sect.  15.2.2 ). As of 2008, 11 cases treated with 
this technique had been reported in the literature, 
with a successful anastomosis created in 5% and 
36% showing an improvement of two lines of VA 
at 1 year follow-up. 15  It is little used for BRVO 
with ME since the advent of IVI of anti-VEGF 
drugs. 15   

    15.1.3   Intravenous Infusion of Tissue 
Plasminogen Activator 

 In a randomized trial comparing intravenous tis-
sue plasminogen activator (TPA) versus isov-
olemic hemodilution in 11 patients with BRVO 
and ME reducing VA to less than 20/50 and pre-
senting within 11 days of symptom onset, there 
was no difference in outcome between the two 
groups. 22  The regimen was expensive, requiring 
8 days of hospitalization. The  fi rst day, the 
patients receiving TPA were given 50 mg intrave-
nously over 60 min with concomitant hepariniza-
tion that continued for the 8 days in hospital. 
Patients also were treated with aspirin 100 mg/
days for 12 weeks. The dose of TPA used was 
lower than that used in treating acute myocardial 
infarction and patients over age 70 were excluded 
to reduce the risk of hemorrhagic events. Only 11 
patients could be enrolled over 7 years at  fi ve 
clinical centers in Europe, perhaps because of the 
aggressiveness of the intervention. 22  

 An experimental study in rabbits with BRVO 
induced by photothrombosis with Rose Bengal, 
30%, used a much higher intravenous dose of TPA 
than the human studies. 64  With 3 mg/kg of intrave-
nous TPA, the investigators were able to show 
breakdown of the thrombus and restoration of 
blood  fl ow. In addition to the higher dose of TPA, 
the TPA infusion was begun within 2 h of BRVO, a 
standard unlikely to be met in clinical practice. 64  

 Efforts to lyse thrombus in BRVO with intra-
venous TPA have stopped because of its expense 
and lack of ef fi cacy.  

    15.1.4   Intravitreal Injection of Tissue 
Plasminogen Activator 

 In a rabbit model of BRVO, IVI of TPA did not 
improve reperfusion of retinal vessels subjected 
to laser-induced venous thrombosis. 1  In cats, sub-
retinal injection of TPA at concentrations less 
than 200 mg/l was not associated with  histological 
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damage, but IVIs were associated with ophthal-
moscopic and electroretinographic toxicity at 
dosages greater than 50  m g. 4  ,  27  Evidence from a 
rabbit model suggests the arginine in the vehicle 
may be toxic to the retina. 30  There have been 
reports of retinal toxicity with the use of subreti-
nal TPA in humans. 8  

 In humans, IVI of less than 25  m g has been 
recommended to avoid toxicity, but studies have 
not adhered to this limit. 8  ,  28  A study of IVI of TPA 
in dosages of 75–100  m g together with daily sub-
cutaneous injections of low molecular weight 
heparin for 7 days showed no adverse side effects 
but no dramatic improvement in outcome com-
pared to the expected natural history. Some stud-
ies do not report doses in micrograms but rather 
in international units (IU); for example, Murakami 
and colleagues used 40,000 IU in eyes with 
BRVO and ME. 41  ,  42  In this study of 17 eyes with 
BRVO and ME, mean logarithm of the minimum 
angle of resolution (logMAR) VA improved 
from 0.603 ± 0.327 at baseline to 0.359 ± 0.319 at 
6 months follow-up. Mean foveal thickness 
decreased from 738 ± 156 to 253 ± 164  m . 41  
Improvement of 0.2 logMAR units or more was 
reported in 59% and deterioration of 0.2 logMAR 
units or more in 12% at 6 months. 41  Electroretin-
ograms performed in 8 of 17 patients showed 
no evidence of toxicity. 41  One study combined 
vitrectomy and intravitreal TPA but without evi-
dence that this modi fi cation represented an 
improvement. 9  A randomized clinical trial would 
be necessary to prove ef fi cacy, and the fact that 
none has been initiated indicates lack of enthusi-
asm among investigators for this treatment 
modality. 20   

    15.1.5   Macular Puncture for Branch 
Retinal Vein Occlusion with 
Macular Edema 

 In refractory ME with cysts associated with 
BRVO and CRVO, a technique called cystoid 
puncture has been described. In this method, a 

vitrectomy is performed followed by drainage of 
macular cysts with a 39-gauge cannula. In a case 
series of seven patients with median follow-up of 
234 days, the edema resolved in all cases but the 
VA did not improve. 51  This treatment has failed 
from lack of ef fi cacy regarding VA and its rela-
tive invasiveness.   

    15.2   Failed and Unadopted 
Treatments for Central 
Retinal Vein Occlusion 

    15.2.1   Grid Laser for Macular Edema 
in Central Retinal Vein 
Occlusion 

 In the Central Vein Occlusion Study (CVOS), a 
subgroup of 155 patients with ME on FA and 
clinical examination was studied. Patients had 
duration of occlusion of 3 months or more, and 
VA (VA) of 20/50 or worse. Eyes were randomly 
assigned to either argon laser grid photocoagula-
tion or observation. Ninety- fi ve percent of the 
eyes had 1 year or more of follow-up. Grid laser 
treatment reduced ME as assessed by FA. 
Whereas 100% of control group patients had ME 
at 12 months, only 31% of patients in the grid 
laser group did. However, there was no signi fi cant 
difference in the VA between the two groups at 
12 months. There was a trend toward VA improve-
ment in the subgroup of patients who were 
65 years old or younger, but the trend did not 
reach statistical signi fi cance. It is possible that 
the CVOS was underpowered to show a true 
bene fi cial effect of grid laser in younger 
patients. 52  ,  55  

 One reason for the lack of ef fi cacy of grid 
laser for ME in CRVO may be that CRVO is asso-
ciated with a higher incidence of concomitant 
subretinal  fl uid that may impede attainment of 
the desired grid laser burn endpoint. Measurement 
of macular thickening may show a paradoxical 
increase in thickening during the  fi rst 3 months 
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following grid laser. 11  A combination approach to 
treatment with pharmacologic therapy to reduce 
subretinal  fl uid followed by grid laser is a theo-
retical work-around that has not been put to the 
test in a clinical trial. 

 At the time the study results were published, 
some clinicians participating in the CVOS would 
treat younger patients with ME with grid pattern 
photocoagulation. 55  This is unlikely to be the case 
in 2012 with the advent of IVI of anti-VEGF 
drugs.  

    15.2.2   Chorioretinal Venous 
Anastomosis for Nonischemic 
Central Retinal Vein Occlusion 
with Macular Edema 

 LCRVA is a technique devised by McAllister and 
Constable to allow hemodynamic bypass of the 
central vein thrombus in CRVO. It was developed 
in an animal model and eventually shown to be 

effective in human nonischemic CRVO with ME. 
An anastomosis can be formed in 38–54% of eyes 
within 1–8 months of treatment. 13  ,  38  High-powered 
(4–9.6 W) argon green laser burns are applied at 
the edge of a branch vein from 2 to 5 disc diameters 
(DD) of the optic disc. Treatment in the inferotem-
poral and inferonasal quadrants is preferred. 13  ,  38  
Variations in technique have been described in the 
power used and in the addition of a neodymium 
YAG laser application to burst the vein itself after 
bursting Bruch’s membrane with the argon green 
laser. Some investigators have used a combined 
laser technique. 13  ,  32  ,  34  Sometimes multiple sessions 
are necessary to create an anastomosis (average of 
2.1, range 2–8), and sometimes multiple anastomo-
ses are needed to cause ME to resolve. 38  The aver-
age time until shunt formation is 6.7 ± 5.7 weeks. 38  
Signs of success of an anastomosis include abrupt 
caliber change in the retinal vein at the anastomosis 
site, patterns of  fl uorescein  fl ow during the FA 
(FA), and reversal in the usual declining diameter 
as one traverses the retinal venous tree distally 
(Fig.  15.1 ). 7   

  Fig. 15.1    Fundus images of a 60-year-old man with dia-
betes and hypertension who developed a nonischemic 
central retinal vein occlusion of the right eye with ME. An 
argon laser procedure to induce formation of a chorioreti-
nal venous anastomosis was done with success and with-
out complication. ( a ) Baseline appearance of the fundus 

on 2-16-2000. The VA was 20/80. ( b ) Fundus appearance 
on 9-13-2001. The  black arrow  indicates the matured cho-
rioretinal shunt. Note the abrupt change in diameter of the 
inferotemporal vein at the side branching that leads to the 
shunt. The VA was 20/20 and has remained so with a 
functioning shunt through 11-23-2011       
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 When the technique works, as it does in one-
third to one-half of patients, VA improvement is 
seen in 84% (4.3 ± SD3.8 lines), but in 16% of 
eyes with successful shunts, VA fails to improve 
or can decrease. 38  

 The technique is not recommended for isch-
emic CRVO because of the risk of developing 
choroidovitreal neovascularization (5% of eyes) 
(Fig.  15.2 ). 38  It is probably best to use the tech-
nique within 3 months of CRVO because of pro-
gressive capillary nonperfusion witnessed in 
21% of eyes during the interval between treat-
ment and development of a shunt. 38  Localized 
choroidal neovascularization (2–21% of eyes), 
preretinal  fi brosis (9–12% of eyes) (Fig.  15.3 ), 
traction retinal detachment (rare), distal closure 
of the treated retinal vein (15%), and vitreous 
hemorrhage are complications reported after this 
technique, more frequently seen in eyes with 
greater degrees of ischemia (Fig.  15.2 ). 13  Sixteen 
percent of successful anastomoses that initially 
drain blood away from the central vein lose this 
characteristic with narrowing of the proximal 

venous segment; these successful shunts thus 
end up draining but a small peripheral sector of 
the retina. 38  A randomized clinical trial has 
 demonstrated the ef fi cacy of this technique. 39  
Nevertheless, given the relative infrequency of 
creating a successful anastomosis, the risk of a 
variety of complications, uncertainty regarding 
the best lasers and settings to use to achieve suc-
cess, and the impression of a more uniformly 
successful outcome with anti-VEGF therapy, the 
use of this technique has waned. 49    

 Surgically induced chorioretinal venous anas-
tomosis has also been described in which vitrec-
tomy with scalpel puncture of Bruch’s membrane 
and stent-like use of suture in the incisions was 
associated with functional shunt formation in 
some cases. 32  ,  40  ,  45  In one series of ten cases, func-
tional shunts developed in 90% of eyes and mean 
VA improvement was 0.95 logMAR units, but 
retinal detachment, vitreous hemorrhage, and 
cataract requiring surgery developed in 30%. 40  
This aggressive idea has not stimulated follow-up 
research to date.  

a b

  Fig. 15.2    Fundus images of the right eye of a 58-year-
old man with hypertension who developed a nonischemic 
central retinal vein occlusion. The VA was 20/100 due to 
ME. He underwent laser chorioretinal venous anastomo-
sis. Four months later, the superonasal anastomosis site 
developed an elevated  fi brovascular frond of choroidovit-
real neovascularization. ( a ) Color fundus photograph of 
the right eye. The  black arrow  denotes the choroidovitreal 
neovascularization. The anastomosis was functional. Note 
that the more proximal vein draining the sector is thread-

like (the  green arrow ). Where this thin vein bifurcates, the 
venous drainage makes a nonphysiologic U-turn so that 
the blood drains at the anastomosis to the choroid (the 
 blue arrows ). ( b ) Frame from the mid-phase FA showing 
leakage of  fl uorescein from the elevated new vessels 
( orange arrow    ). The two distal venules have a larger 
diameter than the proximal parent vein (the  yellow oval ), 
implying that blood  fl ow has a reversed direction due to a 
functioning anastomosis       
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    15.2.3   Radial Optic Neurotomy for 
Central Retinal Vein Occlusion 

 Radial optic neurotomy (RON) was  fi rst described 
by Opremcak et al. 43  The rationale for this tech-
nique is based on the idea that the scleral outlet 
constricts the central retinal vein (CRV) and that 
incising the cribriform plate, the scleral ring, and 
the adjacent sclera will improve central retinal 
venous drainage. 21  ,  43  The rationale has been con-
tested on numerous bases. Some have suggested 
that the greater diameter of the retrobulbar optic 
nerve compared to the prelaminar optic nerve 
should not be construed as a bottleneck for the 
central vein but only a re fl ection of loss of myeli-
nation at this juncture. 49  Another criticism of the 
proposed mechanism of action of the treatment is 
that the CRV lies temporal to the central retinal 
artery, thus a nasal cut should have no effect on 
the  fi brous sheath encasing the temporally situ-
ated CRV. 25  The lamina cribrosa is not an elastic 
structure, thus incising it should not release con-
stricting pressure on the CRV. 23  Releasing pres-
sure on the CRV when the CRV already has a 

thrombus would not in any case be expected to 
improve blood  fl ow through the CRV. 23  In a case 
of CRVO that underwent RON and subsequently 
was enucleated after uncontrolled neovascular 
glaucoma, no incision of the peripapillary sclera 
was found, calling into question whether the 
hypothesized mechanism of the treatment in fact 
is realized. 59  

 Many uncontrolled case series have been 
 published on the technique, and therefore all 
results must be interpreted with caution. 18  ,  21  ,  25  ,  37  ,  43  ,  49  
Many variations have been described – some 
incorporate adjunctive internal limiting mem-
brane peeling, some simultaneous laser panreti-
nal photocoagulation, and some perform two 
neurotomies instead of one. 5  ,  21  ,  43  ,  50  ,  67  Inferior neu-
rotomies are advocated rather than superior ones 
because of the high rate of induced sector visual 
 fi eld defects that should impact quality of life 
less if located in the superior visual  fi eld. 21  
All the complications of vitrectomy surgery, 
including entry site breaks, retinal detachment, 
cataract progression, and endophthalmitis, are 
possible with RON, and some speci fi c to the sur-
gery such as visual  fi eld defects that could be 

  Fig. 15.3    Fundus photographs of a 72-year-old female 
who developed a nonischemic CRVO of the left eye with 
ME, reducing VA to 20/160. She underwent laser chori-
oretinal venous anastomosis with three sites chosen. ( a ) 
Immediately after the procedure, the three sites are shown 
with arrows. At one site, minimal retinal venous hemor-
rhage occurred after the treatment ( black arrow ). A mod-
erate overlying hemorrhage developed at the superonasal 
site ( green arrow ). A more extensive plume of vitreous 
hemorrhage occurred at the superotemporal site ( yellow 

arrow ). The hemorrhage was stopped by direct pressure 
on the fundus contact lens for less than 1 min. ( b ) Three 
months later, preretinal  fi brosis has developed ( yellow 
arrow ). The inferonasal site did not develop a shunt ( green 
arrow ), but the superonasal and superotemporal sites did 
develop chorioretinal anastomoses ( black arrows ) 
suf fi cient to decompress the retinal venous system and 
lead to improvement in venous dilation, intraretinal hem-
orrhage, and disc edema       
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related to the section of a part of the nerve  fi ber 
layer (25%), perforation of the central retinal 
artery, hemorrhagic choroidal detachment, and 
secondary choroidal neovascularization (12% at 
6 months). 3  ,  21  ,  31  ,  37  ,  67  

 Tables  15.2  and  15.3  summarize results from a 
sample of published reports on RON. A consis-
tent theme is the disproportionate response 
between reduction in ME and the VA improve-
ment achieved, which is thought to arise from the 
inferior performance of RON in eyes with isch-
emic CRVO. 5  ,  21  ,  37  ,  67  Although ME can be reduced 
with this surgery, in 80% of cases it fails to return 
to normal values. 5  ,  67  Reduction in hemorrhages 
and venous congestion after surgery is the rule, 
but in the absence of controls, it is not possible to 
say if the effect surpasses the natural history 
(Fig.  15.4 ). 5  Chorioretinal anastomoses develop 
after RON in 21–84% of cases between 4 and 
12 months after surgery and have been inconsis-
tently credited with the chief bene fi cial effects of 
the surgery, tending to suggest that the hypothesis 
of a constricted compartment released by surgery 
may not account for the observed relationship of 

bene fi t to collaterals. 5  ,  17  ,  21  ,  31  ,  53  ,  67  No association 
between development of chorioretinal anastomo-
sis and improvement in VA has been found by 
others. 17  ,  31  ,  67     

 Multifocal electroretinogram (mfERG) b-wave 
amplitudes improve inconsistently following 
RON, with no improvements seen in ischemic 
cases. 5  ,  37  Color  fl ow mapping with spectral 
Doppler ultrasound in three patients with CRVO 
did not show improvement in central venous blood 
 fl ow. 10  Many authors who have been favorably 
disposed to RON based on pilot studies have noted 
the need for a randomized controlled trial to truly 
determine if the surgery is effective. 5  ,  21  ,  67  The 
rationale for RON is to decompress suspected 
constriction of the CRV at the lamina cribrosa, but 
color Doppler imaging in patients who have had 
RON for CRVO showed no change in mean lam-
ina cribrosa/optic nerve peak velocity ratios after 
surgery, tending to falsify its hypothesized mech-
anism of action. 63  Others have declared that it has 
no rationale to expect success and that its promise 
is so small relative to its potential complications 
that it should be abandoned. 25  With the advent of 

   Table 15.2    VA results of radial optic neurotomy for central retinal vein occlusion   

 Report/ N  
 Median initial 
VA, logMAR 

 Median  fi nal VA, logMAR 
 Baseline predictors 
of response 

 6 months  12 months  24 months  Better  Worse 

 Binder et al. 5 /14  1.05  1.005  I 
 Zambarakji et al. 67 /10  1.5  1.00  I 
 Hasselbach et al. 21 /107  1.3  1.1  DE, C  I 
 Opremcak et al. 43 /11  1.3  0.7 a   No NVI 
 Garcia-Arumi et al. 17 /14  1.1  0.6  None 
 Martinez-Jardon et al. 37 /10  HM a   HM a   None 
 Garcia-Arumi et al., 16  ,  18  age  £  50/18  1.2  0.5  None 

 Garcia-Arumi et al., 16  ,  18  age > 50/25  1.38  0.8  None 

   DE  disc edema,  C  collateral vessels,  NVI  neovascularization of the iris,  HM  hand motions,  I  Ischemic 
  a Variable follow-up with median of 9 months, range 5–12 months  

   Table 15.3    Macular thickness results of radial optic neurotomy for central retinal vein occlusion   

 Report/ N  
 Median initial 
CSMT ( m ) 

 Median  fi nal CSMT ( m ) 

 6 months  12 months  24 months 

 Binder et al. 5 /14  628  408 
 Zambarakji et al. 67 /10  597  331 
 Martinez-Jardon et al. 37 /10  900  171 
 Garci Arumi et al. 17 /14  707  467 
 Garcia-Arumi et al., 16  ,  18  age  £ 50/18  731 a   318 a  

 Garcia-Arumi et al., 16  ,  18  age >50/25  646 a   326 a  

   a Mean rather than median  
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anti-VEGF therapy, the enthusiasm for RON in 
the treatment of RON has waned.  

    15.2.4   Retinal Endovascular Surgery 
with Intravenous Injection of 
Tissue Plasminogen Activator 

 Retinal endovascular surgery (REVS) involves 
pars plana vitrectomy followed by piercing of a 
branch retinal vein near the optic disc with an 
angled glass microcannula and injection of at 
least 1–5 ml of recombinant TPA, 200  m g/ml. 61  

The goal of the therapy is to displace and lyse 
thrombus in the central retinal vein. In a series of 
28 patients with either nonischemic or ischemic 
CRVO treated in this fashion, 54% achieved at 
least three lines of VA improvement at 3 months 
follow-up. Vitreous hemorrhage occurred after 
surgery in seven patients (25%). 62  Whether 
the rate of complications makes this approach 
unjusti fi ed has been a matter of controversy. 24  ,  60  
When applied to eyes with ischemic CRVO, all 
of which had failed to improve with previous 
 isovolemic hemodilution, VA did not improve 
at 1 year follow-up, arteriovenous transit time 
did not improve, the rate of development of 

a b

c

  Fig. 15.4    Fundus images of a 54-year-old hypertensive 
man with an ischemic HCRVO and ME of the left eye. The 
VA was 20/125. He underwent radial optic neurotomy, with 
improvement in ME, but no improvement in VA. ( a ) 
Baseline color fundus photograph showing intraretinal 
hemorrhages and many cotton wool spots in the inferior 
hemiretina. ( b ) One month after radial optic neurotomy, the 
ME has decreased clinically, and the cotton wool spots may 

be smaller, but the VA has not improved. The  black arrow  
denotes the scar from the radial optic neurotomy. ( c ) Frame 
from the mid-phase FA shows that the venous return is still 
delayed in the inferior hemiretina (compare the  blue arrow  
to the  green arrow ). The radial optic neurotomy scar is 
hypo fl uorescent ( red arrow ). Capillary nonperfusion is evi-
dent (the  yellow oval )       
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 neovascular glaucoma was not reduced compared 
to historical control series, and the number of 
additional surgical procedures required was 
high. 14  Small series have suggested that the tech-
nique can reduce macular thickening and improve 
BCVA, but prospective, randomized, controlled 
clinical trials comparing the treatment to the nat-
ural history of the disease are lacking. Color  fl ow 
mapping with spectral Doppler ultrasound of 
three patients undergoing REVS with TPA injec-
tion did not show improvement in central venous 
blood  fl ow. 10  It is hypothesized that the poor 
results with this method re fl ect inability of 
mechanical  fl ushing to dislodge the clot and 
inability of the TPA as given to dissolve the 
thrombus. 14  

 One criticism of the previously published 
technique of endovascular thrombolysis is that it 
relies on bolus injection of TPA. Elsewhere in the 
body, the minimum time needed for thrombolysis 
to occur is 30 min. 54  To overcome these criti-
cisms, instruments have been developed and 
tested in a dog model of retinal vein occlusion 
that allow prolonged infusion of TPA for throm-
bolysis. 54  These techniques have not been used in 
human CRVO to date. Another criticism is that 
endovascular TPE will most likely bypass the 
central retinal vein thrombus as it travels around 
it via collateral vessels.  

    15.2.5   Intravitreal Injection of Tissue 
Plasminogen Activator 

 Tissue plasminogen activator has been injected 
intravitreally for CRVO on the assumption that 
it diffuses across the internal limiting membrane 
and crosses the disrupted blood – retina barrier 
to enter the retinal venous circulation in concen-
trations suf fi cient to speed lysis of a thrombus 
in the CRV. 49  IVI of tissue plasminogen activa-
tor in dosages of 50–110  m g has been used in 
an attempt to lyse the central venous thrombus 
with variable anecdotal success but no con-
trol groups allowing a valid estimation of 
ef fi cacy. 19  ,  20  ,  33  ,  49  In a rabbit model, TPA half-life 

in the vitreous cavity was 4–6 h without a  fi brin 
clot and 10–12 h in the presence of a  fi brin clot. 29  
Uncontrolled case series have led to anecdotal 
impressions of greater improvement than 
expected from natural history, but the technique 
is not widely used, nor are controlled clinical 
trials being conducted to test the ef fi cacy of this 
treatment approach. A rat model of CRVO 
 suggested that intravitreal TPA toxicity is exac-
erbated in the presence of ischemia. 65  Because 
of case reports of pigmentary changes of the 
retinal pigment epithelium, serous retinal 
detachment, and reduced ERG amplitudes after 
injection of 100  m g of intravitreal TPA and after 
two injections of 50  m g of TPA, it was suggested 
that doses of less than 50  m g be used in future 
attempts to treat CRVO by this technique. 65  A 
hypothetical dif fi culty with this treatment is the 
variable maturity of clots at the time of presen-
tation. Tissue plasminogen activator is most 
effective for fresh thrombus. 35  

 Bleeding is the major side effect of TPA, but 
in the doses used in the eye, systemic bleeding is 
not a problem. 36  Intraocular hemorrhage can be a 
problem, however, as can an increase in ME 
 associated with its use. 19  ,  20  ,  33  ,  49   

    15.2.6   Intravitreal Tissue 
Plasminogen Activator 
and Triamcinolone 

 In a pilot interventional case series of 20 patients 
with CRVO and ME naïve to IVIs, a mixture of 
triamcinolone 4 mg and TPA 25 micrograms was 
injected intravitreally. 66  Reinjections were given 
at follow-up visits if macular thickness exceeded 
400  m . Best corrected VA improved  ³ 3 lines at 1, 
3, 6, and 12 months in 65%, 55%, 55%, and 53%, 
respectively. Mean OCT measured macular thick-
ness decreased from 1,072 to 455, 450, 480, and 
409  m , respectively. The patients received a mean 
of 2.5 ± SD 1.1 injections over 12 months of fol-
low-up. Intraocular pressure rose in 20% and 
cataracts worsened in 15% of eyes. A random-
ized clinical trial would be needed to be able to 
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assess clinical ef fi cacy of this technique, but it 
has not been done. 66   

    15.2.7   Systemic Acetazolamide 
for Central Retinal Vein 
Occlusion with ME 

 Sporadic success has been claimed for this ther-
apy at the price of a high rate of systemic side 
effects. 26  This treatment has not been tested in a 
controlled trial and is little used. 26   

    15.2.8   Combined Central Retinal 
Vein Occlusion and Central 
Retinal Artery Occlusion 

 For eyes with a combined central retinal artery 
occlusion and CRVO, intra-arterial urokinase 
infused into the ostia of the ophthalmic artery for 
1 h followed by intravenous heparin for 48 h has 
been suggested to be effective in an uncontrolled 
case series. 44  ,  57  ,  58  No controlled studies have been 
done to test whether this modality is ef fi cacious. 
In addition to no proof of ef fi cacy, vitreous hem-
orrhage and recurrence of CRVO after heparin is 
stopped and a need to begin treatment soon after 
symptoms develop are disadvantages of this 
treatment. 49   

    15.2.9   Optic Nerve Sheath 
Decompression 

 On the assumption that reduction in optic disc 
edema could reduce venous compression at the 
level of the optic disc, optic nerve sheath decom-
pression has been attempted in an uncontrolled 
case series as a treatment for worsening CRVO 
with optic disc edema. 12  VA improvement at a 

mean follow-up of 12.4 months was reported, 
but in the absence of a control group, such a 
small number of cases reported, and given the 
invasiveness of the surgical procedure, there has 
been little enthusiasm to explore this treatment 
approach further.  

    15.2.10   Section of the Posterior 
Scleral Ring 

 An external ocular operation consisting of sec-
tioning the posterior scleral ring to decompress 
the central retinal vein was attempted in 44 
patients with CRVO in an uncontrolled case 
series. 2  Forty eight percent of eyes had unchanged 
VA, 39% had an improved VA, and 14% a 
decrease in VA. The study was uncontrolled, the 
length of follow-up was not given, and the 
de fi nitions of improved and decreased visual out-
come were not given. 2  Given these shortcomings 
and the invasiveness of the procedure, it has not 
been adopted.  

    15.2.11   Infusion of High Molecular 
Weight Dextran 

 Inpatient infusion of high molecular weight dex-
tran has been given for CRVO under the assump-
tion that it might be bene fi cial by reducing 
erythrocytic aggregation, reducing whole blood 
viscosity, osmotically drawing extracellular  fl uid 
back into the vessels (edema reduction), and 
reducing thrombus propoagation. 46  In the short 
term, nine cases of CRVO had improved vision 
and two cases were unchanged. No adverse side 
effects were noted. 46  The study was uncontrolled, 
the length of follow-up was not given, and the 
de fi nitions of improved and unchanged visual 
outcome were not given. 46  Given these shortcom-
ings, and the requirement for inpatient treatment, 
it has not been adopted.   
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    15.3   Failed and Unadopted 
Treatments for HCRVO 

 Prophylactic PRP for the prevention of anterior 
segment neovascularization (ASNV) or posterior 
segment neovascularization (PSNV) after isch-
emic HCRVO has been advocated. 47  No random-
ized, prospective, controlled clinical trial has been 
done to compare outcomes of prophylactic PRP to 
observation in this setting. Based on a lower rate 
of subsequent ASNV or PSNV in ischemic 
HCRVOs than after ischemic CRVOs, and the 
results of the CVOS, which did not show improved 
outcomes with prophylactic PRP, this suggested 
treatment has not been tested or adopted. 56   

    15.4   Summary of Key Points 

    The number of failed and unadopted treat-• 
ments for RVO is large.  
  Many of the failed and unadopted treatments • 
have never progressed beyond pilot studies.  
  Animal models of RVO are useful in testing • 
new ideas for treatments before attempting 
them in humans.  
  Many of the same ideas are tried in all types of • 
RVO. In some cases (e.g., grid laser for ME), 
the approach works for one type (e.g., BRVO) 
but not another (e.g., CRVO). In other cases, 
the approach works for all types (e.g., IVI of 
anti-VEGF drugs for ME associated with all 
types of RVO).  
  If the complications of LCRVA could be • 
reduced and the success rate improved, it 
could become a viable treatment for RVO with 
ME because it provides sustained bene fi ts 
when it works and is less expensive than serial 
anti-VEGF drug injections.         
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 This chapter covers a variety of clinical examples 
of retinal vein occlusions (RVO). They provide a 
springboard for synthesizing the concepts pre-
sented in earlier chapters. RVOs present to the 
clinician with multiple manifestations. Most of 
the variations to be found in everyday clinical 
practice will be found within the examples of this 
and the other chapters. Abbreviations commonly 
used in the case studies are listed in Table  16.1 . 
Each abbreviation is spelled out at its  fi rst 
occurrence.  

    16.1   Case 16.1: An Asymptomatic 
Central Retinal Vein Occlusion 
with Asymmetric Hemispheric 
Involvement 

 An 84-year-old female followed as a primary 
open-angle glaucoma (POAG) suspect was found 
on regular follow-up examination to have intraret-
inal hemorrhages distributed throughout the fun-
dus but with some asymmetry. The hemorrhages 
were densest in the superior hemisphere (Fig. 
 16.1 ). She had a history of treated hypertension 
and hypercholesterolemia. Her visual acuity (VA) 
was 20/25 in the right eye and 20/40 in the left 
eye, which was unchanged over the past few 
years. No confrontation visual  fi eld loss was 
detected, nor was there a relative afferent pupillary 
defect (RAPD). Slit lamp examination showed a 

posterior chamber intraocular lens on the right 
and moderate nuclear sclerosis with pseudoexfo-
liation on the left. Slit lamp biomicroscopy of the 
right fundus showed no macular edema (ME). 
The right optic disc had collateral vessels supe-
riorly. Optical coherence tomography (OCT) 
showed no subclinical ME.  

    16.1.1   Discussion 

 There are many occasions when RVOs will be 
detected on routine examination in an asymptom-
atic patient. Examples include branch retinal vein 
occlusions (BRVO) in a quadrant not involving 
the macula, small macular BRVOs, and, as in this 
case, mild nonischemic central retinal vein occlu-
sion (CRVO). 

 Certain inferences are possible from the clini-
cal data. First, the CRVO is chronic, as indicated 
by the presence of optic disc collateral vessels. 
The median time for development of optic disc 
collateral vessels is 4–15 months in various 
reports. 4  -  7  ,  11  ,  23  ,  31  The asymmetry of the disc col-
laterals and the number of hemorrhages can best 
be explained by noting that the eye has two hemi-
central retinal veins rather than a single central 
retinal vein    (Fig.  16.2 ).  

 A plausible interpretation of the clinical 
 fi ndings is that the thrombus, which must involve 
both hemicentral veins, likely extends closer to 
the lamina cribrosa for the superior hemicentral 
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vein than for the inferior hemicentral vein. 8  The 
more posterior the thrombus, the more channels 
for venous blood to exit to the choroidal venous 
out fl ow, reducing the venous backpressure as 
re fl ected in the greater venous dilation superiorly 
and the presence of the disc collaterals superi-
orly but not inferiorly. It is not possible to prove 
this interpretation, but it is consistent with the 
 fi ndings.   

    16.2   Case 16.2: Chronic Macular 
Branch Vein Occlusion with 
Subtle Ophthalmoscopic Signs, 
More Obvious Fluorescein 
Angiographic Signs, and 
Macular Edema 

 An 81-year-old female who had lost her right eye 
to failed retinal detachment repair in 1954 saw 
her optometrist on 10/5/2010 with a complaint of 
blurred vision of the left eye of 3 months’ dura-
tion. At her examination in 2009, the best cor-
rected VA of the left eye was 20/30, whereas it 
was now 20/50. The patient was noted by her 
optometrist to have one microaneurysm and was 
referred for a retinal consultation, which revealed 
ME on slit lamp biomicroscopy con fi rmed on 
SD-OCT (Fig.  16.3 ). A foveal cyst was present. 
Fluorescein angiography (FA) showed an intraret-
inal collateral vessel superior to the macula, but 
there was minimal late leakage of  fl uorescein 
(Fig.   15.4    ). How would you manage this case?  

    16.2.1   Discussion 

 When the hemorrhages of an acute macular BRVO 
resolve, the residual signs can be subtle, as in this 
case. Rare microaneurysms (MAs) may be seen. 
ME may be detected by OCT but not by clinical 
examination. It is common for there to be no leakage 
on FA yet to see ME on OCT (e.g., see Fig.   8.3    ). 30  

 This case ful fi lls criteria that were used for 
entry into the Branch Vein Occlusion Study 
(BVOS). 24  All intraretinal hemorrhage has 
cleared, the VA is 20/40 or worse, and at least 
3 months have passed since the onset of the 
BRVO. An excellent quality FA was available 
that documented absence of macular ischemia. 
Based on the results of the BVOS, grid laser (GL) 
to the involved edematous retina would be ratio-
nal. When this option was offered and compared 
to the alternative option of an intravitreal bevaci-
zumab injection (IVBI), however, the patient 
elected the latter. Her reasoning was that the risk 
of a paracentral scotoma induced by GL was 

   Table 16.1    Abbreviations    used in case studies of retinal 
vein occlusions   

 Abbreviation  Term 

 ASNV  Anterior segment neovascularization 
 BRVO  Branch retinal vein occlusion 
 BVOS  Branch vein occlusion study 
 CRV  Central retinal vein 
 CRVO  Central retinal vein occlusion 
 CSMT  Central sub fi eld mean thickness 
 CVOS  Central vein occlusion study 
 DD  Disc diameter 
 ETDRS  Early treatment diabetic retinopathy 

study 
 FA  Fluorescein angiography 
 GL  Grid laser 
 HCRVO  Hemicentral retinal vein occlusion 
 IOS  Ischemic ocular syndrome 
 IU  International unit 
 IVI  Intravitreal injection 
 IVBI  Intravitreal bevacizumab injection 
 IVTI  Intravitreal triamcinolone injection 
 logMAR  Logarithm of the minimum angle of 

resolution 
 LCRVA  Laser chorioretinal venous 

anastomosis 
 ME  Macular edema 
 MA  Microaneurysm 
 NAION  Nonarteritic ischemic optic neuropathy 
 NVA  Neovascularization of the angle 
 NVI  Neovascularization of the iris 
 OCT  Optical coherence tomography 
 POAG  Primary open-angle glaucoma 
 PSNV  Posterior segment neovascularization 
 PRP  Panretinal laser photocoagulation 
 RAPD  Relative afferent pupillary defect 
 RON  Radial optic neurotomy 
 RVO  Retinal vein occlusion 
 SD-OCT  Spectral domain optical coherence 

tomography 
 TPA  Tissue plasminogen activator 
 VA  Visual acuity 
 VEGF  Vascular endothelial growth factor 

http://dx.doi.org/10.1007/978-1-4614-3439-9_15#Fig4
http://dx.doi.org/10.1007/978-1-4614-3439-9_8
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unattractive, something not incurred by IVBI. 
The 1 in 1,500 chance of endophthalmitis with 
IVBI did not seem to her to outweigh the reported 
bene fi ts for VA in such cases. Although an ade-
quately powered randomized controlled clinical 
trial comparing GL to IVBI has not been done, a 
small prospective randomized trial suggested that 
both OCT-measured macular thickness and VA 
improve more with IVBI than with GL. 20  

 The patient’s ME and VA both improved with 
IVBI (the VA improved from 20/50 to 20/30), but 

she was unable to tell the difference and elected 
not to have subsequent IVBIs. Follow-up 1 year 
later showed an unchanged examination and 
return of VA to 20/50. Mild ME does not inexo-
rably lead to a progressive decline in VA in mac-
ular BRVO. In persistent diabetic ME, generally 
more severe than that manifested in this case, VA 
declines at an average rate of one Early Treatment 
Diabetic Retinopathy Study (ETDRS) letter per 
72 days. 4  An analogous study for BRVO with 
persistent ME has not been done. 

a b

dc

  Fig. 16.1    Fundus images of the right eye of an 84-year-old 
woman with simultaneous, asymptomatic, nonischemic 
hemicentral retinal vein occlusions of the right eye. 
( a ) Color fundus photograph of the right eye shows hem-
orrhages of all four quadrants of the fundus. The number 
of hemorrhages is higher in the superior hemisphere than 
the inferior hemisphere. On the superior disc margin, col-
lateral vessels are present (the  black arrow ). The superior 

veins (the  green arrow ) are more dilated than the inferior 
veins (the  blue arrow ). ( b ) Color fundus photograph of 
the fellow eye is notable only for the presence of macular 
drusen. ( c ) Spectral domain OCT (SD-OCT) image of the 
right macula. The scanning laser ophthalmoscopic fundus 
image on the  left  indicates the vertical orientation of the 
line scan at the  right . The foveal depression is intact and 
there is no evidence of intraretinal edema       
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 This case exhibits one of the clinical pearls 
that retina specialists learn. When a patient has 
blurred vision, a small relative central scotoma, 
and no obvious fundus abnormalities, it is worth-
while to look closely for signs of an old macular 
BRVO. The OCT and FA can be helpful by show-
ing more evidence than the clinical examination.   

    16.3   Case 16.3: Old Hemicentral 
Retinal Vein Occlusion with 
Late Vitreous Hemorrhage 
and Hyphema 

 An 85-year-old man with type 2 diabetes melli-
tus, hypercholesterolemia, and a cigarette smok-
ing habit was seen in 2003 with blurred vision 
OD due to an inferior hemicentral retinal vein 

occlusion (HCRVO) with ME. Best corrected VA 
(BCVA) was 20/400 in the right eye and 20/50 in 
the left eye. The ME was treated with an intravitreal 
triamcinolone injection (IVTI) of the right eye 
with improvement in VA to 20/80 and reduction 
in central sub fi eld mean thickness (CSMT) from 
568 to 202  m . Because he was not able to appreci-
ate this objective improvement in BCVA and 
CSMT as improved visual quality of life, he 
declined further injections. The cataract of the 
right eye progressed after the IVTI, and he under-
went uneventful cataract surgery with posterior 
chamber intraocular lens implantation in 2005. 
Six periodic examinations between 2005 and 
2010 revealed no changes of the right eye until he 
presented on 11/10/2010 with a history of over-
night VA loss in the right eye. The VA of the right 
eye was reduced to light perception, the intraocular 
pressure was 35, and both hyphema and vitreous 
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  Fig. 16.2    Diagram to attempt to describe a plausible 
pathoanatomy for the clinical situation depicted in case 
16.1   . The central retinal vein ( CRV ) has two trunks enter-
ing the optic disc. The thrombus involves both hemicen-
tral retinal veins, but extends closer to the lamina cribrosa 
( LC ) in the case of the superior hemicentral retinal vein. 
For this reason, there are fewer collateral branches (the 
 white arrows  indicating collaterals) to decompress the 

obstructed vein leading to dilation of the few collaterals 
that exist, producing the clinical picture of disc collater-
als. There are more collaterals for the more posteriorly 
obstructed inferior hemicentral retinal vein. They decom-
press the obstructed inferior hemicentral vein more suc-
cessfully, thus there are no disc collaterals and there 
are fewer inferior intraretinal hemorrhages (redrawn and 
adapted from Hayreh 9 )       
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  Fig. 16.3    Images from a patient with a chronic macular 
branch retinal vein occlusion and ME. ( a ) Color fundus 
photograph showing a single microaneurysm superonasal 
to the center of the macula (the  black arrow ). ( b ) Frame 
from the mid-phase FA of the left eye. More abnormalities 
are apparent than could be seen clinically or on the color 
fundus photograph. The microaneurysm is indicated by 
the  yellow arrow . ( c ) A magni fi ed portion of the frame in 
( b ) shows two microaneurysms (the  yellow arrows ) and 

an intraretinal collateral vessel (the  green arrow ). ( d ) A 
spectral domain OCT line scan showing a cyst (the  yellow 
arrow ) involving the center of the macula. ( e ) Frame from 
the late-phase FA showing minimal late hyper fl uorescence 
involving the superior hemimacula (surrounded by  yellow 
oval ). This is not a retinal pigment epithelial window 
defect as can be seen by the absence of hyper fl uorescence 
in the superior hemimacula in the earlier phase of the FA 
(compare to  b )       
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hemorrhage were present (Fig.  16.4 ). Neovas-
cularization of the iris (NVI) was not present. 
Gonioscopy of the right eye showed no neovas-
cularization of the angle (NVA), but there was an 
inferior hyphema. Ultrasonography of the right 
eye showed no retinal detachment or intraocular 
tumor. How would you manage this case?  

    16.3.1   Discussion 

 Although it is possible that the vitreous hemor-
rhage and spillover hyphema in this case repre-
sent the effect of a hemorrhagic posterior vitreous 
detachment or an acute retinal break with associ-
ated vitreous hemorrhage, the history of previous 
inferior HCRVO raises the probability of second-
ary disc or retinal neovascularization and conse-
quent vitreous hemorrhage as the more plausible 
explanation for the clinical  fi ndings. Because the 
patient noted the change in VA, but did not note 
signi fi cant disturbance in quality of life, he 
elected an option of watchful waiting for the 
hemorrhage to clear and identi fi cation of the 
bleeding source by ophthalmoscopy or FA. 
Topical hypotensive drops controlled the intraoc-
ular pressure. An IVBI could have been offered if 
the blood failed to clear or if more rapid clearing 

had been needed. The hyphema and vitreous 
hemorrhage spontaneously cleared over the next 
month. Neither ophthalmoscopy nor FA showed 
retinal or disc neovascularization, nor was NVI 
found when the hyphema cleared. However, the 
pupil dilated poorly, and the FA could not capture 
views of the peripheral retina well. 

 If neovascularization had been recognized, 
then in extrapolation to the results of the BVOS, 
laser panretinal photocoagulation (PRP) of the 
involved retina would be advisable in an attempt 
to cause regression of the neovascularization. 1  
The BVOS did not study eyes with HCRVO, but 
the underlying principles of pathogenesis and 
treatment of retinal and disc neovascularization 
are the same for BRVO and HCRVO. If the 
patient had alternatively noted signi fi cant degra-
dation in quality of life, then early intervention 
with pars plana vitrectomy and sector PRP could 
have been offered. 

 Although no bleeding source was found, it was 
suspected that an unidenti fi ed focus of neovascu-
larization was the likely source of the bleeding. 
PRP was given to the involved hemiretina as a 
treatment for that inferred diagnosis. Over 1 year 
of subsequent follow-up, there has been no further 
vitreous hemorrhage. Continued observation would 
have been another rational management option.   

    16.4   Case 16.4: Spontaneous 
Improvement of a Nonischemic 
Central Retinal Vein Occlusion 

 A 65-year-old man with hypertension and hyper-
cholesterolemia complained of acute, painless 
loss of vision in the right eye. A nonischemic 
CRVO was discovered with VA of 20/100. No 
relative afferent pupillary defect (RAPD) was 
present, there was no NVI, and the fundus exami-
nation showed ME as the cause of loss of VA 
(Fig.  16.5 ). FA showed good capillary perfusion. 
One month later, the situation was unchanged 
and, after discussing alternatives, the patient 
elected to undergo laser chorioretinal venous 
anastomosis (LCRVA). Two sites were chosen 

  Fig. 16.4    Slit lamp photograph of the right eye of a 
patient who suffered a HCRVO 7 years before. Iris atro-
phy from previous phacoemulsi fi cation cataract extraction 
is present (the  green arrow ). Anterior chamber clot covers 
the front of the intraocular lens implant (the  yellow 
arrows ). There is no iris neovascularization. Vitreous 
hemorrhage was present, but is not evident in this 
photograph       
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for treatment. Neither site produced a successful 
anastomosis (Fig.  16.5 ). Nevertheless, 6 months 
later all of the intraretinal hemorrhages had 
resolved, the ME had regressed, and the VA had 
returned to 20/25 (Fig.  16.5 ).  

    16.4.1   Discussion 

 This case emphasizes the variable natural history 
of CRVO (see Chap.   7    ). In this case, a treatment 
was performed that failed to achieve its intended 
effect – the production of a chorioretinal venous 
anastomosis. 3  ,  16  Nevertheless, the CRVO resolved – 
clearly in a spontaneous manner. Had the anasto-
mosis procedure worked, it is probable that the 
credit for improvement would have been attributed 
to the procedure, when, in fact, the eye was des-
tined to spontaneously improve anyway. It is for 
this reason that any proposed therapy of CRVO 
with ME must be tested in a randomized, con-
trolled trial with standard therapy (at the time of 
this case – observation; now, IVI of anti-VEGF 
drugs) as a control arm. Without this rigorous 
approach, one cannot be sure that a good outcome 
is not just the natural history of the particular case.   

    16.5   Case 16.5: Conversion 
of a Nonischemic Hemicentral 
Retinal Vein Occlusion 
to an Ischemic One 

 A 66-year-old woman with diabetes and hyper-
tension developed acute, painless blurring of the 
right eye with some associated photopsias. She 
was seen on the day her symptoms arose at which 
time her VA was 20/25. Her fundus appearance 
was as shown in Fig.  16.6 . She was diagnosed 
with a nonischemic HCRVO and advised to return 
in 1 month. At follow-up, she reported that her 
vision had decreased further 2 weeks before. At 
the second examination, her VA was 20/160. If 
this were your patient, how would you analyze 
what has occurred and how would you manage 
the situation?  

    16.5.1   Discussion 

 At baseline, the right eye had ischemic retinal 
whitening, few hemorrhages, good VA, and mini-
mal ME. The capillary perfusion was good. 

  Fig. 16.5    Fundus photographs of the right eye of a 
65-year-old man with a nonischemic central retinal vein 
occlusion (CRVO) and ME (ME). ( a ) Fundus photograph 
of the right eye after following the patient for 1 month 
with no improvement. The VA was 20/100. ( b ) Fundus 

photograph of the left eye 6 months later after two unsuc-
cessful attempts at creating a laser chorioretinal venous 
anastomosis (the  black arrows ). The CRVO with ME 
spontaneously resolved       
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Over the course of 1 month, capillary perfusion 
in the involved area worsened, ME worsened, 
and the VA dropped. These changes are typical of 
conversion from a nonischemic to an ischemic 
HCRVO. For CRVOs, conversion of nonischemic 
to ischemic cases occurs in approximately one-
third of cases over 3 years. 14  ,  25  ,  26  There are no reli-
able statistics on conversion rates in HCRVOs, 
but presumably the rates would be similar given 
the similar pathophysiology and demographics of 
CRVO and HCRVO. 

 No treatment was necessary at the  fi rst visit 
given the VA of 20/25, but close follow-up was 
recommended. At the second visit 1 month later, 
when the ME was severe, IVBI was recom-
mended. Two IVBIs given at monthly intervals 
led to improvement in ME but return of VA to 
only 20/100, mainly because of macular isch-
emia. The patient did not recognize enough 
bene fi t from the IVBIs to continue with them. 
Four months after the second IVBI, the VA was 
20/100. 

  Fig. 16.6    Fundus images of a 66-year-old patient with a 
hemicentral retinal vein occlusion of the right eye. ( a ) At 
presentation, there is ischemic retinal whitening in the 
superior hemimacula. The OCT ( inset ) shows a parafo-
veal cyst in the outer nuclear layer. ( b ) Color fundus 
image and OCT 1 month after presentation. The ischemic 
whitening persists, but the borders have changed. There is 
more intraretinal hemorrhage, a sign of an increasingly 
ischemic HCRVO. The OCT ( inset ) shows more outer 
retinal edema, some subretinal  fl uid, and increased 

re fl ectivity and loss of laminar de fi nition of the inner reti-
nal layers suggesting cytotoxic edema secondary to the 
ischemia. ( c ) Frame from the mid-phase FA at presenta-
tion shows delayed venous  fi lling superiorly. Capillary 
detail is preserved in most of the involved retina. ( d ) 
Frame from the mid-phase FA at the 1-month follow-up 
visit shows loss of capillary detail in most of the involved 
retina. The previously nonischemic HCRVO has con-
verted to an ischemic form       
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 This case brings up an interesting conundrum 
inherent in the Standard Care Versus Corticosteroid 
for Retinal Vein Occlusion (SCORE) studies. 28  ,  29  
The SCORE BRVO study concluded that IVTI is 
not indicated for BRVO with ME (GL is better), 
but the SCORE CRVO study concluded that IVTI 
is associated with improved outcomes for CRVO 
with ME (compared to observation). HCRVOs 
were pooled with BRVOs in the SCORE studies, 
but many would argue that HCRVOs should be 
pooled with CRVOs. 9  Because the results of the 
SCORE BRVO and CRVO studies differ with 
respect to IVTI, the choice of classi fi cation mat-
ters in this treatment decision (see Chap.   4    ). 
Currently, most retina specialists consider anti-
VEGF injections more effective for RVO with 
ME, which renders considerations regarding 
IVTI in RVO moot (see Chap.   13    ).   

    16.6   Case 16.6: Nonarteritic 
Ischemic Optic Neuropathy 
Following Branch Retinal Vein 
Occlusion 

 An 85-year-old man with hypertension and 
hypercholesterolemia developed a superotempo-
ral BRVO of the right eye in 1992. The BRVO led 
to retinal neovascularization that was treated with 
sector PRP. Subsequently in 2010 he developed 
nonarteritic ischemic optic neuropathy (NAION) 
of the right eye and 1 month later NAION of the 
left eye (Fig.  16.7 ).  

    16.6.1   Discussion 

 It is well known that patients with BRVO can 
subsequently develop a subsequent RVO in the 
same or fellow eye. 27  However, BRVO is not con-
sidered to be a risk factor for NAION. Because 
both BRVO and NAION have overlapping sets of 
risk factors, such as hypertension and diabetes, it 
is not uncommon that both conditions will occur 
in the same patient. 

 The pathophysiology of the two conditions is 
distinct. BRVO arises from turbulence at the 
site of a retinal artery crossing over a retinal 
vein that in turn leads to a local thrombus (see 
Chap.   2    ). NAION is a result of nocturnal hypop-
erfusion of the optic nerve leading to disc 
edema, further compression of capillaries, 
resulting worsened optic disc perfusion, and a 
continued vicious cycle of worsening perfusion 
and resulting disc edema. 10  ,  12  There is no known 
effective therapy for nonarteritic ischemic optic 
neuropathy. There is a hypothesis that NAION 
represents a variant of CRVO, but this proposal 
is controversial and not widely accepted. 2  ,  15    

    16.7   Case 16.7: Differentiating 
Central Retinal Vein Occlusion 
from the Ischemic Ocular 
Syndrome 

 A 68-year-old female with diabetes mellitus and 
a 40-year smoking history was seen with a com-
plaint of blurred vision in the left eye. She was 
known to have a complete occlusion of the left 
carotid artery as determined from a previous neu-
rological workup for transient ischemic attacks. 
The VA was 20/30 in the both eyes. She had an 
embolus of the right central retinal artery, but 
otherwise the right fundus was normal. The left 
fundus had many dark, outer retinal blot hemor-
rhages and dilated, dark retinal veins (Fig.  16.8 ).  

    16.7.1   Discussion 

 The clinical pictures of the ischemic ocular syn-
drome (IOS) secondary to severe carotid artery 
atherosclerosis and CRVO have certain features 
in common, but can be distinguished clinically. 
The key distinguishing points are that optic disc 
edema never occurs in carotid occlusive disease, 
but is common in CRVO; and the retinal artery 
perfusion pressure is always low in carotid occlu-
sive disease, but is normal in CRVO. The latter 

http://dx.doi.org/10.1007/978-1-4614-3439-9_4
http://dx.doi.org/10.1007/978-1-4614-3439-9_13
http://dx.doi.org/10.1007/978-1-4614-3439-9_2
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  Fig. 16.7    Fundus images of an 85-year-old man with an 
old BRVO of the right eye who developed NAION of both 
eyes in short succession 19 years later. ( a ) Color fundus 
photograph of the right eye on 1/7/2011 showing the 
superotemporal laser scars and the inferior optic disc 
edema and hemorrhage from the NAION (the  black 
arrow ). ( b ) Color fundus photograph of the right optic 
nerve 6 weeks later (2/25/2011) shows resolution of the 
optic disc hemorrhage and edema ( black arrow ). At this 

time, the optic disc is atrophic and pale   . ( c ) Optic disc 
photograph of the left eye on 1/7/2011 shows no abnor-
mality. The cup is small, a risk factor for NAION. The 
 black arrow     shows a normal inferonasal neural rim (com-
pare  d ). ( d ) Optic disc photograph of the left eye on 
2/25/2011. The inferonasal optic disc is edematous with 
splinter hemorrhages ( black arrow ). The patient was 
asymptomatic, but on visual  fi eld testing had a superior 
altitudinal scotoma       

sign is elucidated by indirect ophthalmoscopy 
while applying digital pressure to the involved 
globe through the eyelid. In carotid occlusive dis-
ease, gentle pressure will extinguish the central 
retinal artery perfusion. In CRVO,  fi rm compres-
sion is required to elicit pulsation and even 

greater pressure to stop perfusion momentarily. 
Other  fi ner discriminating points are listed in 
Table  16.2 .  

 The two conditions have different workups 
and management, signifying the importance of 
making the correct diagnosis. The patient with 
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  Fig. 16.8    Fundus images of the left eye of a 68-year-old 
woman with a total occlusion of the left internal carotid 
artery causing the ischemic ocular syndrome, visual acu-
ity of 20/30 in the left eye, and subjective blurring. ( a ) The 
veins are dilated and dark. Round, deep retinal hemor-
rhages are present. The optic disc has sharp margins. 
( b ) Peripheral, round, deep retinal hemorrhages are pres-

ent in the inferonasal quadrant. Similar  fi ndings were 
present in the other quadrants (not shown). ( c ) A frame 
from the mid-phase  fl uorescein angiogram shows good 
capillary perfusion. ( d – a ) Frame from the late-phase 
 fl uorescein angiogram shows no macular leakage of 
 fl uorescein nor any disc leakage. ( e ) Spectral domain 
OCT images show no macular edema         

a b

c d
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IOS needs a carotid artery evaluation, and may 
need carotid endarterectomy or medical man-
agement to reduce the risk of stroke. 13  In 
 contrast, the management of CRVO involves 

considerations of risk factor modi fi cation, treat-
ment of edema, and ocular neovascular conse-
quences as have been covered in this textbook 
(see Chaps.   6     and   13    ).   

   Table 16.2    Differentiating central retinal vein occlusion from the ischemic ocular syndrome   

 Structure  CRVO  Ischemic ocular syndrome 

 Optic disc  Hemorrhages, NV, disc edema  Hemorrhages and NV rare; disc 
edema never 

 Retinal veins  Engorged, dark, regular  Engorged, dark, irregular 
 Lesions  Hemorrhages, MAs, capillary dilation 

widespread including posteriorly 
 Hemorrhages, MAs, capillary 

dilation more peripherally 
 Demographics  Wide range of ages, both genders  Older, more men 
 Associated ocular  fi ndings  POAG, may get NVG  Retinal emboli, may get NVG 
 Associated systemic  fi ndings  Hypertension  Atherosclerosis, smoking 
 Retinal artery pressure  Normal  Always low 
 Symptoms  Continuous blurring worse in morning  Fluctuating blurring with slow 

adaptation to lighting changes 
 Intraocular pressure  May be lower or higher in eye with CRVO 

depending on glaucoma status 
 In absence of NVG, is lower in the 

affected eye 

  Adapted from Kearns 25  
  CRVO  central retinal vein occlusion,  NV  neovascularization,  MAs  microaneurysms,  POAG  primary open-angle glau-
coma,  NVG  neovascular glaucoma  

e

Fig. 16.8 (continued)
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    16.8   Case 16.8: Late Development 
of Neovascularization 
Elsewhere After Ischemic 
Branch Retinal Vein Occlusion 

 A 55-year-old female with hypertension and 
hypercholesterolemia complained of blurred 
vision of the left eye accompanied by superior 
visual  fi eld loss for 2 months. The VA was 20/160. 
She was found to have an old inferotemporal 
BRVO with no ME (Fig.  16.9 ). The FA revealed 
no macular leakage. No retinal neovasculariza-
tion was present. She was lost to follow-up 
for 3 years at which time she came in with a 

complaint of further visual loss on the left. The 
VA was now counting  fi ngers. A vitreous hemor-
rhage was present that obscured the fundus. After 
several weeks of observation and no clearing of 
the vitreous hemorrhage, she had vitrectomy with 
sector PRP inferotemporally. Retinal neovascu-
larization was found at the time of surgery. The 
VA returned to 20/160.  

    16.8.1   Discussion 

 Ischemic ME associated with BRVO resolves spon-
taneously as this case illustrates. 8  Undoubtedly, 

a b

c d

  Fig. 16.9    Fundus images of a 55-year-old woman with an 
ischemic inferotemporal BRVO. ( a ) Color fundus photo-
graph of the left eye. Sheathing of the inferotemporal 
branch retinal vein is seen. ( b ) A frame    from the mid-
phase FA shows severe macular and midperipheral retinal 
ischemia. The border of the foveal avascular zone is 
absent for 8 clock h (from 1 to 9 o’clock, proceeding 
clockwise) and in fact the area of capillary nonperfusion 
extends beyond the horizontal raphe  yellow line  into part 

of the superotemporal quadrant (area  encircled  with  green 
oval ). Despite the large area of capillary nonperfusion, no 
retinal neovascularization was present. ( c ) Monochromatic 
fundus image from the SD-OCT showing the location of 
the line scans. ( d ) The ischemic retina is atrophic (com-
pare the thickness of the retina between the  orange arrows  
to the thickness in the perfused zone between the  purple 
arrows ) and the layers of the retina have become 
indistinct       
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the patient had ME at the time of her acute BRVO, 
but when seen for the  fi rst time, no ME was pres-
ent. The case illustrates that capillary nonperfu-
sion can extend beyond the drainage area of the 
blocked vein. The reason is unclear, but one 
hypothesis is that the elevated levels of VEGF 
over the nonperfused retina have the adverse effect 
of decreasing capillary perfusion of the border 
zone. This case illustrates the importance of regu-
lar long-term follow-up of patients with ischemic 
BRVO. 2  Retinal neovascularization did not develop 
until more than 3 years after the BRVO occurred. 
With timely recognition and application of sector 
panretinal laser photocoagulation, the patient 
probably could have been spared the need to 
undergo vitrectomy surgery.   

    16.9   Case 16.9: Nonischemic 
Central Retinal Vein 
Occlusion with Secondary 
Branch Retinal Artery 
Occlusion 

 A 78-year-old woman with hypertension and a 
history of previous coronary artery disease and 
stroke developed a sudden scotoma of the left 
eye (Fig.  16.10 ). She was found to have a nonis-
chemic CRVO with a concomitant branch reti-
nal artery occlusion. The VA was 20/20. During 
follow-up of 17 months, the CRVO resolved, 
but the scotoma from the branch retinal artery 
occlusion remained. VA has remained 20/20 in 
this eye.  

    16.9.1   Discussion 

 At  fi rst, this case suggests cilioretinal arteriolar 
insuf fi ciency in the setting of a nonischemic CRVO, 
a well-known clinical scenario. 17  ,  18  How ever, close 
inspection shows that it is not. The involved artery 
is a branch retinal artery, not a cilioretinal arteriole. 
This situation has been described rarely before. 19  ,  22  
In this case, there was a true infarction of the isch-
emic, whitened retina, which is often not the case 
with cilioretinal arteriolar insuf fi ciency in CRVO 
(see Chap.   7    ). 21  A new dense scotoma was evident 
on the visual  fi eld (Fig.  16.10d ). Thinning of the 
inner retina (Fig.  16.10f ) occurred as infarcted cells 
atrophied. Hemodynamic blockade of retinal arte-
rial  fl ow after CRVO can occur at several levels. 
Cilioretinal arteriolar insuf fi ciency and infarction 
is the most common, but a similar mechanism can 
cause branch retinal arterial infarction, as in this 
case, or even central retinal arterial insuf fi ciency, 
as in the cases shown in Chap.   2     (Fig.   2.24    ) and 
Chap.   14     (Fig.   14.2    ).   

    16.10   Case 16.10: Nonischemic 
Central Retinal Vein Occlusion 
with Macular Edema or 
Asymmetric Diabetic 
Retinopathy with Diabetic 
Macular Edema? 

 A 47-year-old man with an 18-year history of 
type 1 diabetes was seen with acute blurred 
vision of the right eye. VA was 20/20 bilaterally 

  Fig. 16.10    Fundus images from a 78-year-old woman 
with a nonischemic CRVO and concomitant branch reti-
nal artery occlusion. ( a ) Monochromatic fundus photo-
graph showing intraretinal hemorrhages in all quadrants 
as well as dilated veins. A region of ischemic retinal whit-
ening is present around a branch retinal arteriole (the 
 green arrow ). ( b ) Frame from the early-phase FA showing 
that the arteriole is a branch retinal arteriole and not a cil-
ioretinal arteriole. It connects to a larger branch retinal 
artery (follow the  green arrows ). ( c ) Frame from the arte-
riovenous-phase FA. ( d ) Two 24–2 visual  fi elds are shown. 

The  fi rst was obtained on 4/12/2006 and shows a sugges-
tion of a superior Bjerrum scotoma. The second one was 
obtained on 7/26/2010 at the time of the fundus photo-
graphs. A new scotoma that corresponds to the location of 
the ischemic retinal whitening is present (the  red oval ). ( e ) 
SD-OCT line scan at the time of the initial visit shows 
hyperre fl ectivity of the inner retina in the ischemic region 
(the  yellow arrow ). ( f ) Follow-up SD-OCT line scan 
6 weeks later shows thinning ( yellow arrow    ) of the inner 
retina and resolution of the hyperre fl ectivity         

 

http://dx.doi.org/10.1007/978-1-4614-3439-9_7
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http://dx.doi.org/10.1007/978-1-4614-3439-9_14
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but he complained of subjective blurring of the 
right eye. The appearance of the fundi is shown 
in Fig.  16.11 . How would you manage this 
case?  

    16.10.1   Discussion 

 The concomitant effects of diabetic retinopathy 
and CRVO have been considered in previous case 

04-12-2006 SITA-Fast 07-26-2010 SITA-Standard

Fovea: 30 dB
MD: −13.15 dB p<0.5%

Fovea: 33 dB
MD: −9.15 dB p<0.5%
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f

Fig. 16.10 (cotinued)

reports in which venous congestion preceded the 
asymmetric development of ME. 7  Venous back-
pressure is transmitted directly to retinal capillar-
ies and will worsen a tendency toward ME. In 
diabetic retinopathy, decreased autoregulation of 
retinal vessels may compromise the ability of the 
retinal arterioles to constrict as local metabolic 
conditions dictate. Thus, degrees of severity of 
CRVO that would cause no edema in nondiabetic 
patients may cause ME in an eye with diabetic 
retinopathy. 7  In this case, the venous dilation of 
the right eye and marked asymmetry in number of 
intraretinal hemorrhages suggested that a nonis-
chemic CRVO was superimposed on a backdrop 
of mild nonproliferative diabetic retinopathy (as 
re fl ected in the right eye). Although the VA was 
still 20/20, the patient complained and was intol-
erant of observation as a management option. 

 The distinction whether this was diabetic ME 
or CRVO with ME had more than academic inter-
est because focal laser was the standard treatment 
for the former, but was known to be ineffective in 
the latter. 6  An IVBI was given, which resolved 
the ME and the symptoms temporarily. Over the 
ensuing 4 years, the ME kept recurring as the anti-
VEGF drug level in the eye declined. The patient 
received 10 IVBIs or intravitreal ranibizumab 
injections to treat recurrent ME. The VA varied 
from 20/40 to 20/200 over this interval, depend-
ing on the amount of ME. The left eye, meanwhile, 

developed no worse diabetic retinopathy and 
remained 20/20.   

    16.11   Summary of Key Points 

    In a case of CRVO, it is advisable to look at • 
the pattern of veins on the optic disc to discern 
if the case represents two simultaneous 
HCRVOs or a CRVO. If the case represents 
the former, the ischemic status of each HCRVO 
needs to be assessed independently as the sta-
tus may differ between the two.  
  In a patient of age 60 or older with vascular • 
risk factors, a history of blurred vision, and 
few fundus clues, consider the diagnosis of an 
old macular BRVO. OCT and FA may show 
evidence not seen clinically.  
  RVOs need continued long-term follow-up as • 
NVE, NVD, and NVI can occur years later.  
  The natural history of nonischemic CRVO with • 
ME is highly variable. Enough cases spontane-
ously resolve that all purported treatments need 
to be tested in a randomized controlled clinical 
trial against the contemporary standard therapy 
(in 2012, serial IVIs of anti-VEGF drugs).  
  Acute nonischemic RVOs need more frequent • 
follow-up in the  fi rst 6 months as they can 
convert to nonischemic RVOs.  
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a b

  Fig. 16.11    Fundus images of a 47-year-old man with 
mild nonproliferative diabetic retinopathy and a superim-
posed nonischemic CRVO with ME of the right eye. ( a ) 
Fundus photograph of the right eye showing dilated veins 
and many intraretinal hemorrhages, especially in the tem-
poral macula. ( b ) Fundus photograph of the left eye show-
ing minimal diabetic retinopathy. The  black arrows  denote 

two microaneurysms. Compare the retinal vein denoted 
by the  blue arrow  in ( b ) to the more tortuous and dilated 
vein denoted by the  green arrow  in ( a ). ( c ) False-color 
time domain OCT maps and line scans at baseline show-
ing ME temporally in the right eye. ( d ) False-color time 
domain OCT maps and line scans 1 month after IVBI 
showing resolution of ME           
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  Although RVO is not a risk factor for NAION, • 
the two conditions share risk factors. Therefore, 
it is not uncommon to have both conditions 
occur in the same patient.  
  Although the IOS and CRVO both cause intraret-• 
inal hemorrhages in all four quadrants, they can 
be distinguished. Arterial perfusion is tenuous in 
IOS, but not in CRVO. Optic disc edema is com-
mon in CRVO, but never occurs in IOS.  
  Retinal artery occlusions of all types can occur • 
after CRVO by a mechanism of hemodynamic 
blockade. Cilioretinal arteriolar insuf fi ciency 
occurs not commonly by this mechanism. 
Branch and central retinal artery insuf fi ciency 
and occlusion after CRVO are much rarer, but 
can also occur without invoking an embolic, 
second etiology.         
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