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Abstract

Objective—To investigate systematically the natural history of visual outcome in central retinal
vein occlusion (CRVO).

Design—Cohort study.

Participants—667 consecutive CRVO patients (697 eyes) with CRVO, first seen in our clinic
from 1973 to 2000.

Methods—At first visit, all patients had a detailed ophthalmic and medical history, and
comprehensive ophthalmic evaluation. Visual evaluation was done by recording visual acuity,
using the Snellen visual acuity chart, and visual fields with a Goldmann perimeter. The same
ophthalmic evaluation was performed at each follow-up visit. CRVO was classified into non-
ischemic (588 eyes) and ischemic (109 eyes) at initial visit, based on functional and morphological
criteria.

Main Outcome Measures—Visual acuity and visual fields.

Results—Of the eyes first seen within 3 months of onset, visual acuity was 20/100 or better in
78% in non-ischemic CRVO and only 1% in ischemic CRVO (p<0.0001), and visual field defects
were minimal or mild in 91% and 8% respectively (p<0.0001). Final visual acuity, on resolution
of macular edema, was 20/100 or better in 83% in non-ischemic CRVO and only 12% in ischemic
CRVO (p<0.0001), and visual field defects minimal or mild in 95% and 18% respectively
(p<0.0001). On resolution of macular edema, in eyes with initial visual acuity 20/70 or worse,
visual acuity improved in 59% of the non-ischemic CRVO, with no significant (p=0.55)
improvement in ischemic CRVO. Similarly, on resolution of macular edema, in eyes with
moderate to severe initial visual field defect, improvement was seen in 86% of non-ischemic
CRVO eyes but no significant (p=0.83) improvement in ischemic CRVO. In non-ischemic CRVO,
development of foveal pigmentary degeneration and/or epiretinal membrane was the main cause of
poor final visual acuity. This shows that initial presentation and the final visual outcome in the two
types of CRVO are totally different.
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Conclusion—A clear differentiation of CRVO into non-ischemic and ischemic types, based
primarily on functional criteria, is crucial and fundamental in determining visual outcome. Visual
outcome is good in non-ischemic CRVO and poor in ischemic CRVO

Understanding the natural history of a disease is paramount to its management. If it is not
understood, natural recovery may be attributed to a treatment which is actually ineffective.
Although the clinical entity of central retinal vein occlusion (CRVO) has been known since
18781 and it is a common, visually disabling disorder, there is little firm information in the
literature on the natural history of its visual outcome. Those few reports in the literature,
which deal with the natural history of visual outcome in CRVO2710, have some fundamental
flaws. First, it is well-established now that CRVO is of two types: non-ischemic and
ischemic CRVO1=17 with very different outcomes. In all the previous natural history
studies, either the two clinical entities are lumped together into one category or the criteria
used to differentiate CRVO into its two types are inadequate, so that the findings are based
on a mixture of the two types, which makes the results unreliable. Second, retinopathy in
CRVO involves the entire retina and not only the macular region. Unfortunately, all these
CRVO studies deal only with visual acuity, without any information on the outcome of
visual fields which provide information about the function of the entire retina. Although
visual acuity is critical in fine work, the peripheral visual fields are equally, if not more,
essential for normal navigation and day to day living. The objective of the present study was
to evaluate prospectively, in a large cohort of CRVO patients, (i) the natural history of visual
outcome (both visual acuity and visual fields), and (ii) the factors that influence the natural
history of visual outcome, by differentiating CRVO into ischemic and non-ischemic types
using a combination of functional and morphologic criterial®:16,

Patients and Methods

We have investigated various aspects of CRVO systematically in the Ocular Vascular Clinic
at the Tertiary Care University of lowa Hospitals and Clinics since 1973. The current study
was part of a prospective study on ocular vascular occlusive disorders funded by the
National Institute of Health (RO1 grant), approved by the Institutional Review Board. The
data for this study were collected prospectively after the award of the NIH research grant. In
the present study, we investigated the natural history of visual outcome in CRVO; it
included patients who were first seen in our clinic from 1973 to 2000. The data on visual
outcome were compiled from 667 consecutive CRVO patients (637 patients with data for
one eye and 30 patients with data from both- a total of 697 eyes) who fulfilled our inclusion
criteria for this study. There was no built-in bias for the severity, type or laterality of CRVO
seen in the Ocular Vascular Clinic because of extremely good co-operation from our
referring community of ophthalmologists, who sent us all cases with CRVO.

Inclusion Criteria—Only those patients for whom a definite diagnosis of CRVO could be
made were included. CRVO consists of two distinct entities: non-ischemic CRVO and
ischemic CRVO1=17, The distinction (between ischemic and non-ischemic CRVO) was
based on the COMBINED data acquired from six tests which we evaluated in our study16,
specifically designed to do so. Of the six tests, the study showed that combined information
from the relative afferent pupillary defect and electroretinography differentiated 97% of the
cases. Thus, relative afferent pupillary defect and electroretinography often played the most
important deciding role about the type of CRVO. Fluorescein fundus angiography (when it
was of reliable quality) also provided reliable information in differentiation. The other 3
tests: visual acuity, visual fields and ophthalmoscopy, although providing useful
information, were not as sensitive as combined relative afferent pupillary defect and
electroretinography and good quality fluorescein angiograms. No one test was decisive per
se.
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Exclusion criteria—We excluded all other retinopathies mimicking CRVO. All patients
with inadequate information or doubtful diagnosis were excluded. Patients who had any
retinal or optic nerve lesion or any other factor (e.g., cataract), including any treatment for
CRVO, which could have influenced the visual status, were excluded. CRVO patients with
only background diabetic retinopathy were included, but those who had active
neovascularization, vitreous hemorrhages, traction detachment or other complications
influencing the visual acuity or fields were excluded. Patients who had a diagnosis of
glaucoma and visual field loss were excluded; however, those with elevated intraocular
pressure with a documented normal field prior to the onset of CRVO were included. Eyes
with unreliable visual fields were excluded.

STUDIES PERFORMED

The intention was to document the natural history of visual outcome by recording best
corrected visual acuity and visual field defects on manual kinetic perimetry with a
Goldmann perimeter. The data were collected prospectively and systematically. At the initial
visit, all patients were seen by one of us (SSH) in the Ocular Vascular Clinic and had a
detailed ocular and medical history as well as a comprehensive bilateral ophthalmic
evaluation. This included, (i) careful testing of the best corrected visual acuity using the
Snellen visual acuity chart, (ii) visual field plotting with a Goldmann perimeter (using I-2e,
I-4e and V-4e targets regularly), (iii) intraocular pressure recording with a Goldmann
applanation tonometer, (iv) relative afferent pupillary defect, (v) a thorough anterior
segment examination, including slit lamp examination of the anterior segment, lens and
vitreous, (vi) a meticulous fundus evaluation by direct and indirect ophthalmoscopy, and, if
required, by contact lens, (vii) stereascopic color fundus photography, (viii) stereoscopic
fluorescein fundus angiography (only in the involved eye), and (ix) electroretinography.

In addition, the patients had a full systemic evaluation performed either by an internist at the
University of lowa Hospitals & Clinics, or by their local internist/physician.

At each follow-up visit, the same ophthalmic evaluation and stereoscopic color fundus
photography were done, except that fluorescein fundus angiography was performed only
when considered essential. Electroretinography was usually performed only during the
initial visit; however, if a change in status of CRVO from non-ischemic to ischemic was
suspected, it was repeated. Both eyes were examined at each visit.

Follow-up protocol for all patients—All patients were followed (by SSH) according to
a protocol practiced in this Clinic for CRVO patients - at about 3 monthly intervals for 3
visits, then 6 monthly intervals for 4 visits, then annually. Both eyes were examined at each
visit. Since this is a natural history study, no intervention of any kind whatsoever was
undertaken in this cohort of patients with CRVO.

VISUAL STATUS EVALUATION

Visual acuity—Best corrected visual acuity was tested using the Snellen visual acuity
chart and under identical testing conditions, almost invariably by the same person (SSH),
encouraging the patient to look around and take his/her own time in responding, to ensure
that the testing provided the most reliable information about the visual acuity. The following
steps of visual acuity were checked: 20/15, 20/20, 20/25, 20/30, 20/40, 20/50, 20/60, 20/70,
20/80, 20/100, 20/200, 20/400, counting fingers (CF), hand motion (HM), perception of
light (PL), and no perception of light (NPL).

Visual fields—Throughout this study we used kinetic perimetry. Automated perimetry did
not exist when we started the study in 1973; moreover, the changing face of automated
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perimetry would make such long-term studies difficult - indeed, automated perimetry is still
evolving. Both types of perimetry have their advantages and disadvantages, which are
discussed elsewhere.18:19 Visual field plotting was attempted in all patients with a visual
acuity of hand motion or better at all visits, with a Goldmann perimeter using I-2e, 1-4e and
V-4e targets regularly, although occasionally other targets were used if it was felt that that
would provide additional information for evaluation of the visual status. In a few patients, at
the initial visit, for various logistic reasons we could not do the visual fields. The method of
testing visual fields used is described in detail elsewhere 18:19

Central visual field was also tested by using the Amsler grid chart which provided very
useful information about the central defect, particularly metamorphopsia which was usually
missed on perimetry.

Evaluation of changes in the visual acuity and visual field defects—Each was
evaluated separately in a masked fashion, i.e., changes in visual acuity and visual fields were
evaluated independently of each other, as well as independent of presence or absence of
macular edema, so that the severity of one did not influence the evaluation of the other.
Also, in eyes that developed recurrence of non-ischemic CRVO20, only the data on visual
evaluation collected up to the last follow-up visit of the first episode were used, i.e., before
the onset of recurrence.

Visual acuity evaluation

A change of at least 3 lines in the Snellen visual acuity chart was considered a significant
change, which is equivalent to a logMAR (logarithm of the minimum angle of resolution)
change of at least 0.30. We divided visual acuity into two categories for evaluation purposes.
(i) Normal visual acuity was defined as 20/30 or better, because that category cannot show
an improvement of 3 lines to achieve 20/20. (ii) As in our natural history study on visual
outcome in non-arteritic anterior ischemic optic neuropathy?! and the Ischemic Optic
Neuropathy Decompression Trial study?2, poor visual acuity was defined as 20/70 or worse,
because that is markedly disabling and persons with that visual acuity are not considered fit
to drive a vehicle.

Visual field evaluation

We wanted to evaluate quantitative and qualitative changes in visual fields plotted with the
Goldmann perimeter during the follow-up period. Having learnt from our previous
experience of dealing with visual field evaluation for various studies over the years 21:23-26,
we found that the most reliable method was overall subjective grading of the visual fields.

Visual fields were evaluated in the following 3 ways:

i. Peripheral visual field evaluation: These were evaluated as normal or abnormal,
and if abnormal, with what isopter, and what was the defect at initial visit.

ii. Central 30° visual field evaluation: In this part of the visual field, the presence of
various types of scotomas was evaluated on initial and follow-up visits with
different isopters.

iii. Overall grading of the entire visual field: The subjective grading of the severity of
visual loss took into consideration all the parameters one considers while clinically
evaluating a change in visual fields plotted with manual kinetic perimetry (because
of the complexity of the Goldmann visual field defects, it is unfortunately difficult
to define the exact parameters). In general, deterioration was defined as
development of a new scotoma, a deepening or expanding scotoma, a generalized
constriction not accounted for by any other ocular parameter, or overall
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deterioration. Improvement was the reverse of the above. Subtle changes were
confirmed on more than one examination. The entire visual field was graded into 4
levels - from O (normal) to 4 (severe loss) in steps of 0.5 (and occasionally 0.25
when the differences were subtle), and the dates when each change was noted
during the entire follow-up. The grade was judged by qualitatively assessing
clinical computation of the amount of visual field loss, factoring in the functional
disability produced by that defect; for example, inferior and/or central visual field
defect, producing far more functional disability, was assigned a much higher grade
than a corresponding loss in the upper field or elsewhere. The grading was started
from the first visual field. A change from one grade to another was noted. The
findings were then condensed for descriptive purposes into minimal (grade 0.5),
mild (grades >0.5 —1.0), moderate (1.5 to 2.0), marked (2.5 to 3.0) and severe (3.5
to 4.0) loss. These grades are best described by examples given elsewhere.23

Evaluation of macular edema

Visual acuity depends upon the macular function. Poor visual acuity in CRVO, particularly
in non-ischemic CRVO, is due primarily to macular edema. Therefore, in each eye macular
edema was evaluated critically at each visit. Critical evaluation of the macular edema was
done by using: (i) direct ophthalmoscopy, (ii) Hruby contact lens, (iii) stereoscopic fundus
photographs of the macular region, and (iv) frequent stereoscopic fluorescein fundus
angiography of the macular region. OCT or other modern technologies to evaluate macular
edema were not available during the period of this study.

Statistical Analysis

Results

Demographic and clinical characteristics of patients with non-ischemic and ischemic CRVO
were compared using either two-sample t-test for continuous variables or Pearson Chi-
square test for categorical variables. Wilcoxon rank-sum test was used to compare Initial
and final visual acuity and visual defect grade. The outcomes of visual acuity and visual
field defect of improvement (for those that initially presented with 20/70 or worse visual
acuity, and moderate to severe visual field defect grade) and deterioration (for those that
initially presented with 20/60 or better visual acuity, and minimal to mild visual field defect
grade) over time were compared between non-ischemic and ischemic CRVO using logistic
regression that was fitted by the method of generalized estimating equations to account for
correlation of outcomes over time from the same eye. The same analysis was used to assess
the effect of presence/absence of macular edema on visual outcomes over time. The effect of
age, systemic conditions, foveal pigmentation, and epiretinal membrane on the final visual
outcome of improvement or deterioration after macular edema has resolved was tested using
logistic regression analysis.

Demographic characteristics

This study consisted of 559 patients (588 eyes) with non-ischemic CRVO, of whom 47 (48
eyes) later converted to ischemic CRVO, and 108 (109 eyes) that presented initially with
ischemic CRVO. Table 1 gives the demographic characteristics of these patients. The
ischemic CRVO patients were significantly older as initial diagnosis, with a mean age of 70
years, compared to 61 years for non-ischemic CRVO patients (p<0.0001). The ischemic
CRVO also had a higher prevalence of arterial hypertension (p=0.052) and diabetes mellitus
(p=0.018) compared to those with non-ischemic. There was a significantly higher percentage
that smoked (current or past) in the non-ischemic CRVO compared to the ischemic group
(p=0.012). Comparison of age, gender, smoking history, and systemic conditions between
those that converted from non-ischemic to ischemic CRVO and those that initially presented

Ophthalmology. Author manuscript; available in PMC 2012 January 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hayreh et al.

Initial visual

Page 6

with ischemic CRVO showed a higher prevalence of history of cerebrovascular accidents in
those that converted from non-ischemic to ischemic (p=0.066). No significant difference
was seen for the other variables.

acuity and visual fields

Comparing visual status at initial visit showed a significantly worst initial visual acuity and
visual field defect in eyes with ischemic CRVO compared to those with non-ischemic
CRVO (both p<0.0001; Table 2). Of the eyes first seen within 3 months of onset, initial
visual acuity of 20/200 or worse was observed in 99% of eyes with ischemic CRVO as first
diagnosis and 22% in those with non-ischemic CRVO. Forty four percent of eyes with
ischemic CRVO had an initial visual field defect grade of marked to severe, compared to
0.4% of eyes with non-ischemic CRVO.

With V4e isopter, 55% of the eyes seen within 3 months of onset with ischemic CRVO
presented with scotoma, compared to only 5% of the eyes with non-ischemic CRVO
(p<0.0001). Most of the scotomas were central scotoma, which was found in 41% of eyes
with ischemic CRVO and 4% of eyes with non-ischemic CRVO. For the peripheral visual
field, I-2e target was seen by 89% of the eyes with non-ischemic CRVO compared to only
7% of the eyes with ischemic CRVO as first diagnosis, and I-4e target by 99% and 74%
respectively. Peripheral visual field defect was present in 3% of eyes with non-ischemic
CRVO and in 17% of eyes with ischemic CRVO as the first diagnosis. For ischemic CRVO,
the type of peripheral visual defect most frequently observed was peripheral inferior nasal
defect, which was present in 10% of eyes.

Change in visual acuity on follow-up

Visual acuity changes in the eyes with non-ischemic and ischemic CRVO, first seen within 3
months of onset, are presented in Table 3 (available at http://aaojournal.org). These were as
follows:

i.  Inthe eyes with initial visual acuity of 20/60 or better: Only the non-ischemic
CRVO eyes presented with initial visual acuity of 20/60 or better. For these eyes,
the proportion of visual acuity that worsened did not significantly change over the
follow-up periods (p=0.64). There were 17% (95% confidence interval (Cl): 13%,
23%) that showed visual acuity deterioration at 3 months of follow-up, and 20%
(95% CI: 15%, 28%) during the 2 to 5 years follow-up.

ii. Inthe eyes with initial visual acuity of 20/70 or worse: In the eyes with non-
ischemic CRVO, there was a significant increase in the proportion of eyes with
improvement in visual acuity over the follow-up periods (p=0.034). There were
32% (95% ClI: 27%, 45%) that showed visual acuity improvement at 3 months of
follow-up, and 47% (95% CI: 40%, 63%) during the 2 to 5 years follow-up. In
contrast, a smaller proportion of the eyes with ischemic CRVO as first diagnosis
(10% and 23%, respectively) showed improvement. Overall, the rate of
improvement in non-ischemic CRVO was significantly higher (p=0.0004), with
odds ratio of 2.96 (95% CI: 1.55, 5.66) for visual acuity improvement for non-
ischemic CRVO relative to those with ischemic CRVO.

Change in visual fields on follow-up

The changes in visual field defect grade were similar to those seen for visual acuity (Table 4
- available at http://aaojournal.org)).

i.  Ineyes with minimal to mild initial visual field defect: In non-ischemic CRVO
eyes with initial visual field defect of minimal to mild (primarily the central field

Ophthalmology. Author manuscript; available in PMC 2012 January 1.


http://aaojournal.org
http://aaojournal.org

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hayreh et al.

Page 7

defect), the proportion that worsened stayed about the same over the follow-up
periods (p=0.63), with visual field deterioration of 17% (95% CI: 14%, 23%) at 3
months and 15% (95% CI: 12%, 22%) during the 2 to 5 years follow-up.

ii. Ineyes with moderate to severe initial visual field defect: In the non-ischemic
CRVO eyes with visual field defect grade of moderate to severe (primarily the
central field defect), there was a suggestion of increase in the proportion with visual
field improvement over the follow-up periods (p=0.090). There were 41% (95% ClI:
23%, 57%) that showed visual field improvement at 3 months of follow-up, and
79% (95% CI: 54%, 88%) during the 2 to 5 years follow-up. In contrast, a smaller
proportion of the eyes with ischemic CRVO as first diagnosis (15% and 27%,
respectively) had visual field improvement. Overall, the odds ratio of improvement
was 5.16 (95% ClI: 2.13, 12.42) for non-ischemic CRVO relative to ischemic
CRVO (p=0.0006).

The visual changes after conversion of the non-ischemic to ischemic CRVO are also shown
in Tables 3 and 4 (both tables available at http://aaojournal.org). They were similar to those
seen in the eyes with ischemic CRVO as the first diagnosis.

Examining the relation of change in visual acuity to change in visual field, among the eyes
with non-ischemic CRVO, of the 27 eyes with minimal to mild initial visual field defect that
had visual field deterioration at the 2-5 year follow-up, 22 (81%) had a corresponding
deterioration in visual acuity. Of the 15 eyes that presented with moderate to severe visual
field defect and showed improvement in visual field at the 2-5 year follow-up, 9 (60%) also
had improvement in visual acuity.

Macular edema and visual acuity outcome

The median time to macular edema resolution was 23 months in those with non-ischemic
CRVO and 29 months in those with ischemic CRVO as first diagnosis. Visual acuity
changes in relation to the presence/absence of macular edema at the follow-up periods, and
the overall cumulative change are shown on Table 5.

i. Ineyes with initial visual acuity of 20/60 or better: In the non-ischemic CRVO
eyes that presented with 20/60 or better visual acuity within 3 months of onset,
there was a significant association of presence of macular edema with deterioration
of visual acuity (p<0.0001). The odds ratio of visual acuity deterioration was 3.22
(95% CI: 1.86, 5.57) for eyes where macular edema was still present relative to
those where it had resolved. At the 2 to 5 years follow-up, there was visual acuity
deterioration in 39% (95% CI: 22%, 48%) where macular edema was still present
compared to 15% (95% CI: 10%, 22%) where macular edema had resolved.

ii. Ineyes with initial visual acuity of 20/70 or worse: In non-ischemic CRVO eyes
that presented with 20/70 or worse visual acuity, resolution of macular edema was
associated with improvement in visual acuity (p<0.0001). The odds ratio of
improvement is 4.00 (95% CI: 2.29, 6.98) for those with macular edema resolved
relative to those where macular edema was still present. Overall, for non-ischemic
CRVO with initial visual acuity 20/70 or worse, improvement was seen in 59%
where macular edema had resolved compared to 26% where macular edema was
still present (Table 5). In contrast, among the eyes with ischemic CRVO as first
diagnosis and initial visual acuity of 20/70 or worse, there was no significant
association of presence/absence of macular edema with improvement in visual
acuity (p=0.55).
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Macular edema and visual field outcome

Changes in overall visual field grades (based on combined information of central and
peripheral visual fields) in relation to the presence/absence of macular edema at the follow-
up periods, and the overall cumulative change are shown in Table 6. Visual acuity and visual
field achieved at 15 months and 2-5 years follow-up and at final follow-up after resolution
of macular edema in non-ischemic and ischemic CRVO are given in Table 7.

i.  Ineyes with minimal to mild initial visual field defect: There was a significant
association between the presence of macular edema and deterioration of visual field
(primarily of the central visual field) (p<0.0001) among the non-ischemic CRVO
eyes. The odds ratio of visual field deterioration was 2.50 (95% CI: 1.68, 3.70) for
eyes where macular edema was still present relative to those where it had resolved.
At the 2 to 5 year follow-up, there was visual field deterioration in 32% (95% CI:
19%, 40%) where macular edema was still present compared to 9% (95% CI: 7%,
16%) where macular edema had resolved.

ii. Ineyes with moderate to severe initial visual field defect: In non-ischemic CRVO
eyes, improvement in visual field was associated with the absence of macular
edema (p=0.037). The odds ratio of improvement is 2.60 (95% CI: 1.23, 5.47) for
those in whom macular edema had resolved relative to those where macular edema
was still present. Overall, for non-ischemic CRVO, improvement was seen in 86%
where macular edema had resolved compared to 50% where macular edema was
still present (Table 7). Among the eyes with ischemic CRVO as first diagnosis,
there was no significant association of the presence/absence of macular edema with
improvement in visual field (p=0.83).

Final visual acuity and final visual field defect at the final visit after macular edema has
resolved showed worst visual acuity and visual field defect in eyes with ischemic CRVO as
first diagnosis compared to those with non-ischemic CRVO (both p<0.0001; Table 7). There
were 85% of the ischemic CRVO eyes with visual acuity of 20/200 or worse compared to
17% of those with non-ischemic CRVO. There were 50% of eyes with ischemic CRVO had
an final visual field defect grade of marked to severe compared to 1% of eyes with non-
ischemic CRVO. With V4e isopter, scotoma was found in 78% of the eyes with ischemic
CRVO compared to only 6% of the eyes with non-ischemic CRVO (p<0.0001).

Effect of retinociliary collaterals on visual outcome

Retinociliary collaterals developed in 46% of the eyes with non-ischemic CRVO with
median time of 15 months. Grouping and comparing the non-ischemic CRVO eyes based on
those that developed retinociliary collaterals (n=174) and those that did not after at least 15
months of follow-up (n=109), showed that those that developed the collaterals were the eyes
with poorer initial vision with 52% having 20/70 or worse visual acuity compared to 35% in
those that did not develop collaterals. In the eyes that did not develop collaterals, median
time to resolution of macular edema was 21 months. In those that developed collaterals,
resolution of macular edema occurred at a median time 40 months from onset of CRVO, or
29 months after the development of the collaterals. Visual acuity change after macular
edema had resolved in those with initial visual acuity of 20/70 or worse showed 43% with
improved vision, 35% with no change, and 22% with deterioration for the eyes that
developed collaterals. In contrast those that did not develop collaterals had better visual
outcome, having 76% with improved vision, 18% with no change, and 6% with deterioration
(p=0.015).

In eyes with ischemic CRVO as first diagnosis, 41% developed retinociliary collaterals with
median time of 13 months. The development of collaterals had no significant effect on time
of resolution of macular edema (p=0.54). In the eyes that did not develop retinociliary

Ophthalmology. Author manuscript; available in PMC 2012 January 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hayreh et al.

Page 9

collaterals after at least 15 months of follow-up, median time to resolution of macular edema
was 30 months. In those that developed collaterals, resolution of macular edema occurred at
a median time 26 months from onset of CRVO, or 21 months after the development of the
collaterals. In eyes with initial visual acuity of 20/70 or worse, there was no significant
effect of presence of collaterals in change in visual acuity (p=0.81). In eyes with collaterals,
33% had improved visual acuity, 53% with no change, and 13% with deterioration,
compared to 31% improved, 46% no change, and 23% deterioration in those without
collaterals. As discussed below, the primary cause of poor visual acuity and visual fields in
ischemia CRVO is ischemic damage of the macular ganglion cell and not so much the
macular edema, while in non-ischemic CRVO the primary factor for poor visual acuity and
visual fields is macular edema — this distinction is important.

Effect of foveal pigmentation and epiretinal membrane on visual outcome

The association between the presence of foveal pigmentation and epiretinal membrane and
visual acuity deterioration after macular edema resolution was also examined. In eyes with
non-ischemic CRVO with initial visual acuity of 20/60 or better, there were 42% that had
deterioration in those with pigmentation compared to 3% without pigmentation. For
epiretinal membrane, deterioration was present in 45% with epiretinal membrane compared
to 8% without epiretinal membrane. From the logistic regression model with foveal
pigmentation and epiretinal membrane as independent variables, both the presence of foveal
pigmentation (odds ratio 20.84; 95% ClI: 6.65, 65.36; p<0.0001) and epiretinal membrane
(odds ratio 9.54; 95% CI: 2.62, 34.73; p=0.0006) showed a significant association with
visual acuity deterioration. With respect to visual acuity improvement in non-ischemic
CRVO that had initial visual acuity of 20/70 or worse, improvement in visual acuity was
associated with absence of pigmentation (p=0.006; 78% in those without pigmentation vs.
44% in those with pigmentation), whereas no significant association was seen for epiretinal
membrane (p=0.99). For the eyes with ischemic CRVO as first diagnosis, after macular
edema had resolved, there was no significant association of change in visual acuity with
foveal pigmentation and epiretinal membrane (both p>0.86).

Effect of neovascular glaucoma on visual outcome in ischemic CRVO

Of the eyes with ischemic CRVO that were first seen within 3 months of onset and had
follow-up of at least 6 months, neovascular glaucoma developed in 36% (23 of 64) of those
with ischemic CRVO as first diagnosis and 33% (14 of 43) of those that converted from
non-ischemic CRVO. In those with ischemic CRVO as first diagnosis, there was further
deterioration in visual acuity from initial visual acuity of 20/70 or worse in 44%, with no
eyes showing improvement, of those with neovascular glaucoma, compared to 12%
deterioration and 32% with improvement in those without neovascular glaucoma (p=0.002).
Similar findings were observed for visual field changes. In those with moderate to severe
initial visual field defect, those with neovascular glaucoma had 76% with worsening and 5%
improvement of visual field compared to 38% worsening and 35% improvement in those
without neovascular glaucoma (p=0.008).

Effect of age on visual acuity

In non-ischemic CRVO where macular edema had resolved, logistic regression adjusting for
the effect of foveal pigmentation and epiretinal membrane showed a significant association
of age with visual acuity change, with increasing age positively associated with visual acuity
deterioration (p=0.001) in those that presented with 20/60 or better visual acuity, and
negatively associated with visual acuity improvement (p=0.012) in eyes with initial visual
acuity of 20/70 or worse. Among younger (<45 years) patients, of those with initial visual
acuity of 20/60 or better, none (0 of 48) had visual acuity deterioration, and, among those
with initial visual acuity of 20/70 or worse, 80% (8 of 10) had visual acuity improvement. In
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contrast, in persons 45 or older visual acuity deterioration was seen in 15% (24 of 156) of
those with initial visual acuity of 20/60 or better, while among those with initial visual
acuity of 20/70 or worse, 56% (34 of 61) improved.

Effect of systemic conditions on visual acuity

The effect of systemic conditions and smoking on visual acuity change in non-ischemic
CRVO after macular edema had resolved was also examined by logistic regression analysis.
In eyes with initial visual acuity of 20/60 or better, after adjusting for the effect of foveal
pigmentation and epiretinal membrane, stroke (p=0.036) and diabetes mellitus (p=0.049)
showed a significant association with visual acuity deterioration. The odds ratio of visual
acuity deterioration for those with history of stroke relative to those without was 8.94 (95%
Cl: 1.15, 68.96). For those with diabetes mellitus relative to those without, the odds ratio of
visual acuity deterioration was 6.04 (95% CI: 1.01, 36.04). There was no significant
association between visual acuity deterioration and arterial hypertension (p=0.14), ischemic
heart disease (p=0.58), or smoking (p=0.31). In those that presented with initial visual acuity
of 20/70 or worse, no significant association, with respect to reducing the percentage with
visual acuity improvement, was found for arterial hypertension (p=0.84), stroke (p=0.82),
ischemic heart disease (p=0.47), diabetes mellitus (p=0.58), and smoking (p=0.24).

Discussion

From the results of our present study, we have shown that there are significant differences in
initial visual acuity and visual field defects between non-ischemic and ischemic CRVO
(Table 2). The changes in visual outcome, as well as the effect of macular edema and
retinopathy on the visual outcomes were found to differ between these two types of CRVO.
Thus, a distinction between the two types of CRVO is the most crucial and fundamental in
determining visual outcome in CRVO. It is most unfortunate that this basic fact has been
ignored in the vast majority of CRVO studies dealing with the visual outcome in CRVO.
This is also true of other complications of CRVO - most importantly ocular
neovascularization, which is a complication of only the ischemic CRVO and is not seen in
non-ischemic CRVO, unless the latter is associated with diabetic retinopathy or ocular
ischemia.l” Therefore, in the management of CRVO, the first, crucial step is to determine
which type of CRVO one is dealing with. Combining the two types of CRVO into one group
is like lumping benign and malignant tumors in one category to determine their outcome.

This distinct difference in visual outcomes between the two types of CRVO is not at all
surprising if one considers basic facts about the pathogenesis of visual loss in the two types
of CRVO. The primary cause of poor visual acuity in non-ischemic CRVO is macular
edema, while in ischemia CRVO retinal ischemia is usually the major factor with macular
edema a minor factor. Macular retinal ganglion cells are most vulnerable to ischemic
damage?’. It is well known that the macular region has more than one layer of retinal
ganglion cells, unlike the rest of the retina, and it is the thickest part of the retina - maximum
thickness being close to the foveola. Experimental?’:28 and clinicall?:2? studies on central
retinal artery occlusion have shown that ischemic damage is most marked in the central part
of the macular retina, which results in development of central scotoma, most commonly the
only visual field defect seen in patients following transient central retinal artery occlusion.2®
Once the retinal ganglion cells in the macular region have suffered irreversible ischemic
damage in ischemic CRVO, there is little chance of any visual acuity improvement, even if
the macular edema resolves, since it is not the primary cause of poor visual acuity in theses
cases. This is evident from the fact that, in the present study, resolution of macular edema
had a significant effect on visual improvement in non-ischemic CRVO (visual acuity:
p<0.0001, visual fields: p=0.037) but not in ischemic CRVO (visual acuity: p=0.55, visual
fields: p=0.83).
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Criteria to differentiate ischemic from non-ischemic CRVO

The distinct difference in the visual outcome between ischemic and non-ischemic CRVO
makes the importance of differentiating ischemic CRVO from non-ischemic CRVO crucial
in any study dealing with visual outcome. Studies claiming to differentiate the two types
have used very variable criteria (see below). The most common, sole criterion used for
making that differentiation has been “10 disc area of retinal capillary obliteration” on
fluorescein fundus angiography - this somehow seems to have become a “gold standard”.30
Unfortunately, this is not a reliable criterion in most cases. The large multicenter CRVO
study3! showed that eyes with less than 30 disc diameters of retinal capillary nonperfusion
are at low risk for developing iris/angle neovascularization, which means that their chance
of being ischemic CRVO are very low; most of them are therefore non-ischemic CRVO.
That study showed that “eyes with 75 disc diameters or more are at highest risk”, i.e., they
are definitely ischemic CRVO. Retinal capillary non-perfusion on fluorescein in CRVO was
also investigated by our prospective study of 128 eyes with CRVO in a study specifically
designed to investigate the validity, sensitively and specificity of various tests to
differentiate the two types of CRVO?6. It showed that fluorescein fundus angiography
during the early acute phase of CRVO, provided reliable information about retinal capillary
nonperfusion in only about 60% because of many limitations (discussed at length in that
paperl6); it also showed the presence of multiple isolated focal capillary nonperfusion areas
in eyes which otherwise fulfilled the criteria for non-ischemic CRVO on all other tests. That
study showed that during the early acute phase of CRVO, because of problem with
evaluation of retinal capillary non-perfusion fluorescein fundus angiography in about a third
of the eyes, functional tests, i.e., relative afferent pupillary defect, electroretinography,
visual acuity and peripheral visual fields, provided reliable information in all eyes.
Sensitivity and specificity of the various functional tests is described in detail elsewhere. In
fluorescein angiograms, where capillary non-perfusion could be seen satisfactory, provided
very useful information in differentiation of the two types of CRVO; however, that was
possible in about 60% of the eyes in that study.

It could very well be argued that the use of criterion of visual acuity and visual field to
differentiate ischemic from non-ischemic CRVO might have biased the initial visual acuity
and visual fields at baseline and visual outcome in the two types of CRVO in our study.
However, in fact, as discussed in the inclusion criteria above, that was not true at all. Briefly,
the distinction (between ischemic and non-ischemic CRVO) was based on the COMBINED
data acquired from six tests which we evaluated in our study.1® Combined information from
relative afferent pupillary defect and electroretinography differentiated 97% of the cases.
Thus, relative afferent pupillary defect and electroretinography often played the most
important deciding role about the type of CRVO. Fluorescein fundus angiography (when it
was of reliable quality) also provided useful information in differentiation. In some cases the
information from other tests in fact over-ruled the information from the visual acuity or
visual fields. This is evident from fact that: (i) the initial visual acuity was 20/200 or worse
in 22% of the non-ischemic CRVO eyes and it was 20/70 — 20/100 in 8% of the ischemic
CRVO, and (ii) initial visual field defects were moderate to marked in 8.4% of the non-
ischemic CRVO and mild in 8% of the ischemic CRVO.

Mixing or combing the two types of CRVO or use of unreliable criteria, as is almost
invariably the case in most of the studies dealing with natural history of visual outcome, as
well as those dealing with different advocated invasive and non-invasive mode of
treatments, results in misleading information. That is responsible for much of the
controversy and confusion on management of CRVO.
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Importance of evaluation of visual fields in evaluation of visual outcome in CRVO

The visual outcome recorded in various studies on CRVO is invariably based entirely on the
visual acuity, but this provides information only about the function of the macula. CRVO,
however, involves the entire retina and NOT only the macular retina. By contrast, visual
fields provide information on the function of the entire retina. Therefore, it is crucial to
evaluate visual outcome by a combination of both the tests in all eyes with CRVO.
Moreover, a central scotoma may improve markedly in size and severity, but so long as it
involves central fixation, the visual acuity may not improve, thus providing misleading
information about the change in visual outcome.

Currently, visual fields are usually plotted using automated perimetry. Visual field
information provided by manual kinetic perimetry performed with a Goldmann perimeter is
very different from that by automated static threshold perimetry (Humphrey 30-2 or 24-2
SITA). Both types of perimetry have their advantages and disadvantages, and one should be
aware of those when interpreting the findings. It is well established that the constant tracking
provided by the peripheral visual fields is essential for sensory input for day to day activity
and for “navigating”. In view of that, to assess the visual function disability, it is important
to have complete information about the peripheral visual fields and any impairment in them.
Automated perimetry provides information about peripheral visual fields only up to 24° —
30°. Manual kinetic perimetry, by contrast, provides information all the way to about 80° —
90° temporally, 70° inferiorly, 60° — 70° nasally and 50° — 60° superiorly. Thus, a visual
field plotted with manual kinetic perimetry provides far more comprehensive information
about the peripheral visual field defects, for evaluating visual functional disability; it is most
unfortunate that is rapidly being replaced by automated perimetry.

In the present study the central visual fields showed a variety of scotomas - the most
common being the central scotoma. Peripheral visual fields plotted with a Goldmann
perimeter remained perfectly normal in all eyes with non-ischemic CRVO throughout the
course of follow-up, unless there was some other associated problem, e.g., cilioretinal artery
occlusion32, By contrast, in ischemic CRVO, there was always a relative peripheral visual
defect with I-2e and/or with I-4e isopters, but V-4e isopter was still normal in the vast
majority - even in eyes with visual acuity of counting fingers and in some of those with hand
motion. This information about the peripheral visual fields is important, as discussed above,
to: (i) differentiate ischemic from non-ischemic CRVO, as shown by a previous study6, and
(ii) to evaluate the disability caused by the CRVO. For example, a study of panretinal
photocoagulation in ischemic CRVO showed marked loss of peripheral visual fields24,
which, combined with a permanent large central scotoma, would result in marked visual
disability.

Natural history of visual outcome in CRVO

Since Moore? in 1924 first reported the natural history of visual outcome in CRVO in 18
eyes, there seem to be only a few such studies3~10 of an appreciable number of cases. It is
essential to put all those studies in proper perspective; they are not at all comparable - each
is based on an entirely different study design, variable number of patients, some combining
all the CRVO patients under one category without differentiating ischemic from non-
ischemic CRVO, and others differentiating by means of totally different criteria (see below).
Thus, no two studies are really alike, and therefore, it is not feasible to compare their results.
Moreover, in all studies visual outcome was based only on the visual acuity outcome except
for that of Moore? who is the only one who evaluated visual field defects also - this is a
serious flaw in almost all the reported studies.
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Moore,2 in his study of 18 eyes with CRVO mostly followed for several years, found almost
invariably marked deterioration in visual acuity. It seems most of his cases had ischemic
CRVO. He recorded the visual fields in his cases and commented: “Perhaps the most
striking fact with regards to the field of vision in central vein thrombosis is the relative
frequency with which the peripheral fields are but little constricted, and this is true not only
when they were taken within a short time of the thrombosis but they may remain nearly full
for many years”. This is supported by our study and is an important finding.

Zegarra et al.3 in a study of 25 eyes, followed for 1-8 years, found that in 10 eyes with
“non-ischemic CRVQ?”, the final visual acuity was 20/30 or better in 50% and 20/60 in 30%,
while among the “ischemic CRVO” eyes 82% had a final VA of 20/400 or less.

Quinlan et al.# in a retrospective study of 107 non-ischemic and 61 ischemic CRVO eyes
(using a criterion of =5 disc diameter area of capillary non-perfusion) and a follow-up of 6
months to 6 years (mean 22 months) reported the following: in “non-ischemic CRVO” eyes,
initial visual acuity varied from 20/15 to count fingers; among them, in eyes with initial
visual acuity of 20/40 or better, the final visual acuity was 20/200 or less in 21%, and in
those with initial visual acuity of 20/200 or less it was 20/200 or less in 88%. In this group,
15% improved by 3 or more lines from the baseline, and 31% lost 3 or more lines. In all
eyes with “ischemic CRVQO?”, initial visual acuity was 20/100 or less; the final visual acuity
was 20/200 or less in 93%, counting fingers or less in 54%, and hand motion or less in 36%.
They concluded that good initial visual acuity provided no guarantee of a satisfactory visual
outcome.

Chen et al.? in a case series of 59 eyes with “non-ischemic CRVO”, followed for at least 1
year (average 2.5 years), found that visual acuity improved by two or more lines in 15%,
remained stable in 56% and decreased in 29%. They concluded that “non-ischemic CRVO”
frequently results in significant, permanent visual loss. They found that initial visual acuity
had no predictive value of progression.

The multicenter Central Vein Occlusion Study Group® reported their results on visual acuity
in 714 eyes with CRVO. The only criterion used by them to classify their cases into
ischemic CRVO was the presence of at least a 10 disc area of retinal nonperfusion3°.
However, to evaluate the natural history of visual outcome, they combined their ischemic
and non-ischemic CRVOs into one group. They divided their cases into 3 groups based on
initial visual acuity: group 1 with visual acuity of 20/40 or better (29%), group 2 with acuity
between 20/50 and 20/200 (43%), and group 3 with acuity worse than 20/200 (28%). The
final visual acuity in group 1 was stable in 65% and deteriorated in 35% - in 10% to worse
than 20/200; in group 2 it improved to better than 20/40 in 19%, stayed the same in 44% and
deteriorated to worse than 20/200 in 37%; and in group 3 in 79% it was less than 20/200, in
19% improved to 20/50 to 20/200 and in 1% to 20/40. They concluded that “Visual acuity at
baseline is a strong predictor of visual acuity at 3 years” for eyes in group 1 and 3 but a poor
predictor for group 2.

In a recent SCORE study2?, where all CRVO eyes were combined into one group, without
any differentiation into ischemic and non-ischemic, in the 73 eyes without any treatment, at
12 months of follow-up, visual acuity improved in 26%, remained the same in 19% and
deteriorated in 55%.

A detailed account of the initial visual acuity and visual fields in the present study and the
changes in them during follow-up are given above. In our study, we categorized patients into
ischemic and non-ischemic CRVO based on combined information from functional and
morphologic tests!6. We found that among the non-ischemic eyes with initial visual acuity
of 20/70 or worse, 59 % improved, 27% showed no change and 14% deteriorated on
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resolution of macular edema, while in ischemic CRVO 41% improved, 41% did not change
and 18% deteriorated (Table 5). This showed that there was a difference in improvement in
visual outcome between the two types. Since the other studies used different criteria, no
comparison is possible.

Conversion of non-ischemic to ischemic CRVO

In the present study, of the 588 eyes with non-ischemic CRVO, 48 converted to the ischemic
type; this may be an under estimate for overall conversion, because of the inclusion criteria
used in this study. The subjects of conversion of non-ischemic CRVO to ischemic CRVO?20
and mechanism of conversion33 are discussed at length elsewhere.

In the present study, we compared various aspects of ischemic CRVO eyes that presented
initially with ischemic CRVO versus those that converted from non-ischemic to ischemic.
There was a higher prevalence of history of cerebrovascular disease in those that converted
from non-ischemic to ischemic (p=0.066). Visual changes following conversion to ischemic
CRVO were similar to those seen in the eyes with ischemic CRVO as the first diagnosis.
Based on the experience of dealing with more than a thousand CRVO eyes by one of us
(SSH), it seems that most CRVO eyes start as non-ischemic and convert later to ischemic
CRVO; they are not usually seen by most ophthalmologists during the non-ischemic phase,
because there are no, or only slight, symptoms.

Effect of foveal pigmentation and epiretinal membrane on visual outcome—
Development of foveal pigmentation and epiretinal membrane following chronic macular
edema, in non-ischemic CRVO adversely influences the visual outcome after resolution of
macular edema (foveal pigmentation: odds ratio 20.84; p<0.0001, and epiretinal membrane:
odds ratio 9.54; p=0.0006); this is an important piece of information. However, in ischemic
CRVO there was no significant association of change in visual acuity with foveal
pigmentation and epiretinal membrane (both p>0.86).

Effect of neovascular glaucoma on visual outcome in ischemic CRVO—In the
present study, neovascular glaucoma developed in 36% of the ischemic CRVO eyes. As
expected, that resulted in further deterioration of visual outcome (visual acuity p=0.002;
visual fields p=0.008) compared to those without neovascular glaucoma.

Effect of age on natural history of visual outcome—Chen et al.,® in a study of 59
eyes, found that the factors significantly related to visual outcome were initial visual acuity
(p =0.0001) and age - older patients having a worse visual outcome (p = 0.0029). Glacet-
Bernard et al.34 in 120 CRVO eyes found older age a prognostic factor for poor visual
outcome. Similarly, in our study, no patients aged <45 years with initial visual acuity of
20/60 or better had visual acuity deterioration, and among those with initial visual acuity of
20/70 or worse visual acuity improved in 80%. In contrast, in those >45 years, 15% of those
with initial visual acuity of 20/60 or better experienced deterioration, while only 56% of
those with initial visual acuity of 20/70 or worse showed any improvement. Thus, increasing
age was associated with visual acuity deterioration.

Effect of systemic diseases on natural history of visual outcome—Among the
systemic diseases, only cerebrovascular disease (odds ratio 8.94; p=0.036) and diabetes
mellitus (odds ratio 6.04; p=0.049) showed a significant association with visual acuity
deterioration in eyes with initial visual acuity of 20/60 or better. There was no significant
association with arterial hypertension (p=0.14), ischemic heart disease (p=0.58) or smoking
(p=0.31). In eyes that presented with initial visual acuity of 20/70 or worse, there as no
significant association between visual acuity improvement and arterial hypertension
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(p=0.84), cerebrovascular disease (p=0.82), ischemic heart disease (p=0.47), diabetes
mellitus (p=0.58), or smoking (p=0.24).

Effect of development of retinociliary collaterals on natural history of visual
outcome—There is a prevalent impression among ophthalmologists that development of
retinociliary collaterals has a beneficial effect on the course and visual outcome of CRVO,
by improving the circulation in the central retinal vein by by-passing the occlusion - some
have claimed visual improvement after radial optic neurotomy is due to development of
these collaterals. Priluck et al. 8 in a retrospective study of 42 patents with CRVO, aged 40
or younger, stated that the presence of collaterals closely correlated with a favorable
prognosis. Giuffré et al.,% 3% in 94 patients with CRVO, found that the visual acuity of the
eyes with CRVO that developed collaterals was not significantly different from the visual
acuity of the eyes without collaterals. Quinlan et al., in a retrospective study of 168 eyes
with CRVO, also found that the collaterals were not related to any improvement in visual
acuity. Garcia-Arumi et al.,3% in their radial optic neurotomy study, found no significant
difference in visual acuity between those with and without these collaterals. Thus, literature
gives firm evidence that development of retinociliary collaterals does not make any
difference in the visual outcome in CRVO.

We studied the role of retinociliary collaterals in detail because there is little information on
its different aspects, based on a comprehensive study in a large cohort. In our study, 46% of
non-ischemic CRVO eyes developed the collaterals with a median time of 15 months. Our
study revealed an interesting phenomenon, not previously described. Non-ischemic CRVO
(in eyes with initial visual acuity of 20/70 or worse) showed the following:

i.  The eyes that developed collaterals had poorer initial visual acuity than the eyes
that did (52% versus 35%).

ii. Resolution of macular edema took much longer in those with collaterals than in
those without (median time 40 months versus 21 months).

iii. After resolution of macular edema, 35% of eyes that developed collaterals showed
no change in visual acuity, 43% improved, and 22% deteriorated. Compared to
that, in eyes without collaterals, this was 6%, 76% and 6% respectively.

Eyes with ischemic CRVO, as first diagnosis, had similar findings.

These findings pose an intriguing question about the retinociliary veins in CRVO: why
presence of cilioretinal collaterals is related to poor initial and final visual acuity? Based on
our anatomic, basic, experimental and clinical studies, the following seems the most
plausible explanation. In all eyes with CRVO, fluorescein fundus angiography shows the
presence of blood flow. Therefore, in CRVO, after the vein is occluded by a thrombus, the
eye must develop collaterals to maintain its blood flow. The collaterals develop from the
pre-existing venous tributaries anterior to the site of occlusion in the central retinal vein.
Within the optic nerve the central retinal vein has multiple prominent tributaries and only a
few inconstant ones in the prelaminar region of the optic nerve head (Fig. 1). The severity of
retinopathy in CRVO varies widely, indicating that severity depends upon the site of
occlusion in the CRV and the number of tributaries available anterior to the site of occlusion
to develop collaterals, i.e., farther back the site of occlusion in the optic nerve, the greater
the number of tributaries within the optic nerve available to establish collateral circulation,
and milder the retinopathy; conversely, the closer the site of occlusion to the lamina
cribrosa, the fewer tributaries are available in the optic nerve to establish collateral
circulation, and the worse the retinopathy. In the latter case, there is a far greater stress on
the few available tributaries in the prelaminar region to develop into collaterals than when
the site of occlusion is far back in the optic nerve. Therefore, eyes with retinociliary
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collaterals on the optic disc have a much greater chance of having a severer type of
retinopathy, with much worse visual acuity and more marked macular edema than do those
without those collaterals, as shown by our study. The severity of retinopathy in turn
determines the visual acuity outcome. Therefore, not surprisingly the higher the prevalence
of retinociliary collaterals on the optic disc, the smaller is the chance of visual improvement
and the greater the chance of visual deterioration — where there are no retinociliary
collaterals, there are plenty of venous tributaries available within the optic nerve and no
need to develop collaterals on the disc. On clinical evaluation, there is no way to determine
the number and locations of the collaterals that develop within the optic nerve in CRVO.
The other factor one has to keep in mind is that in our study 54% of the non-ischemic
CRVO eyes with CRVO did not develop venous tributaries in the prelaminar region. Thus,
the prevalence of collaterals on the optic disc does not represent a true incidence of all the
collaterals that develop with CRVO, and to judge the prevalence of collaterals in CRVO
simply from the ones seen on the optic disc is highly misleading. Incidentally, the prevalent
misconception that the site of occlusion in CRVO is always at the lamina cribrosa is based
on histopathology of rare eyes enucleated for painful, uncontrollable neovascular glaucoma
due to ischemic CRVO — the worst type of CRVO?3’; that does not apply to the vast majority
of the CRVO eyes where the site of occlusion is within the optic nerve posterior to the
lamina cribrosa.

Visual outcome in CRVO in young adults—Because of a widespread misconception
that CRVO does not occur in young persons, they often undergo extensive investigations to
find the cause of retinopathy. In our study, 16% of the non-ischemic CRVO patients were
under the age of 45 years, and 7% of those with ischemic CRVO as initial diagnosis were in
that age group (Table 1). There are other reports of CRVO in young persons®—8,

The reports of visual outcome in young individuals vary widely from study to study. Priluck
et al.b in a retrospective study of 42 patients with CRVO, who were 40 years or younger,
found that their final visual prognosis could not be predicted by the severity of the venous
occlusion at the time of diagnosis. Fong et al. 7 in a retrospective study of 103 cases of
CRVO in young, nondiabetic adults, followed for at least six months, found that 32% had a
final visual acuity of 20/200 or worse and 6% no light perception. Giuffré et al.,8 in a study
of 20 patients with CRVO aged 40 years or less, found that the visual prognosis of young
people with CRVO is often poor. In contrast to all the above studies, in our study, none of
those aged under 45, with initial visual acuity of 20/60 or better, had visual acuity
deterioration, and, in those with initial visual acuity of 20/70 or worse, it improved in 80%.
In those 45 or older, with initial visual acuity of 20/60 or better, it deteriorated in 15%, and
among those with initial visual acuity of 20/70 or worse, it improved in 56%. This shows
that the visual prognosis for young people is much better than that for those 45 or older.

In conclusion, visual outcome is totally different in the two types of CRVO, i.e., non-
ischemic and ischemic - good in the former and poor in the latter. Therefore, a
differentiation of CRVO into non-ischemic and ischemic types is most crucial and
fundamental in determining visual outcome. For differentiation of CRVO into its two types
during the initial acute phase, the most reliable are functional tests (visual acuity, visual
fields, relative afferent pupillary defect and electroretinography) and much less reliable are
morphological tests (fluorescein fundus angiography and ophthalmoscopy)28. Visual
outcome is also adversely influenced to some extent by several other factors, including
increasing age, cerebrovascular disease and diabetes mellitus, and in non-ischemic CRVO
by development of foveal pigmentation and epiretinal membrane, and in ischemic CRVO by
neovascular glaucoma.
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Figure 1.

(A) Cast of the central retinal vein showing its entire course from the optic disc to its exit
from the optic nerve sheath. Note the presence of a large number of prominent collaterals
within the optic nerve and none in the optic nerve head region in this specimen.

(B). Schematic representation of the blood vessels in the optic nerve. (B modified from
Hayreh SS: Trans Am Acad Ophthalmol Otolaryngol 1974; 78:0P240-OP254.)
Abbreviations: A = arachnoid; C = choroid; CAR and CRA = central retinal artery; Col. Br.
= Collateral branches; CRV = central retinal vein; CZ = circle of Zinn and Haller; D = dura;
LC = lamina cribrosa; ON = optic nerve; ONH = optic nerve head; PCA = posterior ciliary
artery; PR = prelaminar region; R = retina; Rec. Br. CZ = recurrent pial branches from
peripapillary choroid/CZ; S = sclera; SAS = subarachnoid space.
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Table 2

Visual acuity and visual field at initial visit by time from onset of visual loss

Visual assessment

Time from onset of visual loss to initial visit

<3 months >3-6 months >6-12 months

Non-ischemic CRVO

Visual acuity (n=492 eyes) (n=70 eyes) (n=26 eyes)
20/15-20/20 115 (23%) 9 (13%) 6 (23%)
20/25-20/30 86 (18%) 7 (10%) 1 (4%)
20/40-20/60 122 (25%) 18 (26%) 3 (12%)
20/70-20/100 61 (12%) 17 (24%) 7 (27%)
20/200-400 96 (20%) 16 (23%) 6 (23%)
CF or worse 12 (2%) 3 (4%) 3 (12%)

Visual field defect
Minimal

Mild

Moderate

Marked

Severe

(n=478 eyes, 14 missing)
321 (67%)
117 (24%)
38 (8%)
2 (0.4%)
0 (0%)

(n=69 eyes, 1 missing)
40 (58%)
19 (28%)
7 (10%)
2 (3%)
1 (1%)

(n=25 eyes, 1 missing)
18 (72%)
5 (20%)
2 (8%)
0 (0%)
0 (0%)

Ischemic CRVO as first diagnosis

Visual acuity
20/15-20/20

20/25-20/30
20/40-20/60
20/70-20/100
20/200-400

CF or worse

(n=85 eyes, 3 missing)
0
0
0
1 (1%)
18 (21%)
66 (78%)

(n=13 eyes, 2 missing)
0
0
0
1 (8%)
2 (15%)
10 (77%)

(n=5 eyes, 1 missing)
0
0
0
0

1 (20%)
4 (80%)

Visual field defect
Minimal

Mild

Moderate

Marked

Severe

(n=80 eyes, 8 missing)
0
6 (8%)
39 (49%)
32 (40%)
3 (4%)

(n=13, 2 missing)
0
0
3 (23%)
8 (62%)
2 (15%)

(n=5, 1 missing)
1 (20%)
0
0
4 (80%)
0

Ischemic CRVO (converted from non-ischemic CRVO)*

Visual acuity
20/15-20/20
20/25-20/30
20/40-20/60
20/70-20/100
20/200-400

(n=48 eyes)
0
0
0
0
16 (33%)
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Visual assessment

Time from onset of visual loss to initial visit

<3 months >3-6 months >6-12 months

CF or worse

32 (67%)

Visual field defect
Minimal

Mild

Moderate

Marked

Severe

(n=44, 4 missing)
0
10 (23%)
20 (45%)
13 (30%)
1 (2%)

CF = counting fingers; CRVO=Central retinal Vein Occlusion

*
Visual acuity and field defect at the visit where conversion was recorded

Missing visual field information at the initial visit was due to inability to do visual fields for various logistic reasons.
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Table 7

Page 32

Visual acuity and visual field achieved at 15 months and 2-5 years of follow-up, and overall final follow-up in
eyes without macular edema

Visual assessment

Non-ischemic CRVO

Ischemic CRVO as first diagnosis

Ischemic CRVO converted from non-ischemic

Visual Acuity

15 months™ (n=93) (n=9) (n=4)
20/15-20/20 43 (46%) 1 (11%) .
20/25-20/30 25 (27%) 0 (0%) .
20/40-20/60 9 (10%) 1(11%) --
20/70-20/100 5 (5%) 0 (0%) 0 (0%)
20/200-400 10 (11%) 0 (0%) 1 (25%)
CF or worse 1 (1%) 7 (78%) 3 (75%)
2-5 years (n=146) (n=13) (n=10)
20/15-20/20 61 (42%) 0 (0%) -
20/25-20/30 29 (20%) 0 (0%) -
20/40-20/60 20 (14%) 0 (0%) .
20/70-20/100 9 (6%) 0 (0%) 1 (10%)
20/200-400 25 (17%) 5 (38%) 3 (30%)
CF or worse 2 (1%) 8 (62%) 6 (60%)
Final@ (n=316) (n=26) (n=10)
20/15-20/20 138 (44%) 0 (0%) .
20/25-20/30 54 (17%) 1 (3%) -
20/40-20/60 45 (14%) 2 (6%) .
20/70-20/100 26 (8%) 1(3%) 1 (10%)
20/200-400 46 (15%) 9 (35%) 4 (40%)
CF or worse 7 (2%) 13 (50%) 5 (50%)
Visual Field Defect

15 months™ (n=90 eyes) (n=9) (n=3)
Minimal 81 (90%) 0 (0%) 0 (0%)
Mild 8 (9%) 2 (22%) 1 (33%)
Moderate 0 (0%) 3(33%) 0 (0%)
Marked 0 (0%) 2 (22%) 1 (33%)
Severe 1(1%) 2 (22%) 1(33%)
2-5 years (n=142 eyes) (n=17) (n=12)
Minimal 122 (86%) 0 (0%) 1 (8%)
Mild 18 (13%) 3 (18%) 4 (33%)
Moderate 1 (1%) 7 (41%) 1 (8%)
Marked 1 (1%) 4(23%) 4 (33%)
Severe 0 (0%) 3 (18%) 2 (17%)
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Visual assessment

Non-ischemic CRVO

Ischemic CRVO as first diagnosis

Ischemic CRVO converted from non-ischemic

M@ (n=312 eyes) (n=28) (n=12)

Minimal 271 (87%) 1 (4%) 1 (8%)

Mild 24 (8%) 4 (14%) 5 (42%)

Moderate 13 (4%) 9 (32%) 0 (0%)

Marked 3 (1%) 6 (21%) 3 (25%)

Severe 0 (0%) 8 (29%) 3 (25%)
*112 weeks

@of those with at least 3 months follow-up; includes all eyes regardless of time from onset of the first visit

CF = counting fingers; CRVO=Central retinal Vein Occlusion
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