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The electro-oculogram in central retinal vein
occlusion

D Papakostopoulos, PA Bloom, RHB Grey, J C Dean Hart

Abstract
As part of a prospective masked study, the
electro-oculogram (EOG) was recorded from
28 patients within 48 days ofdeveloping central
retinal vein occlusion (CRVO). The EOG light
peak/dark trough ratio (Lp/Dt)x 100 was signi-
ficantly lower in the affected than in the
unaffected eyes of patients (p<0-001), and
abnormally low in absolute terms in 20 patients
(71%). Ali unaffected fellow eyes had a normal
EOG ratio. The mean Lp amplitude of affected
eyes was significantly smaller than that of
unaffected eyes (p<0001), whereas the differ-
ences in mean Dt amplitudes between affected
and unaffected eyes were not statistically sig-
nificant. The Lp amplitude in the affected eye
was 48% or less of that in the unaffected eye in
the eight patients (29%) who developed
rubeosis iridis during the 9 month follow-up,
and in six others. No patient whose Lp ampli-
tude in the affected eye was greater than 48% of
that in the unaffected eye, developed rubeosis.
It is concluded that the Lp amplitude is abnor-
mal in patients with acute CRVO. The degree
of this abnormality bears a relation to the
development of rubeosis, which might prove a
useful indicator of whether to institute or
withhold panretinal photocoagulation.
(BrJ Ophthalmol 1992; 76: 515-519)

Patients and methods

PATIENT SELECTION
Patients found to be suffering from acute CRVO
on presentation to the accident and emergency
department of Bristol Eye Hospital, were
referred to a special clinic, for assessment. All
patients presented within 3 weeks of noticing a
visual disturbance.
The patients had a detailed clinical examina-

tion within 2 weeks ofpresentation. Patients then
underwent electro-oculography within 10 days
of clinical examination, and at least 7 days after
instillation of any topical medication. This
ensured that the effect of pupil dilatation did not
influence the results.
The electrodiagnostic investigator (DP) was

not provided with clinical details except that
patients being assessed had recently suffered a
CRVO in one or other eye. Patients were fol-
lowed up clinically once a month by the same
investigator (PB) for 9 months. The EOG results
were only analysed after this period of follow-up.
If rubeosis was noted during follow-up, pan-
retinal photocoagulation (PRP) was performed.
A total of 28 patients (17 male, 11 female; age

range 48-85 years, mean 67 years, SD 9 years)
were included in the study. Two patients who
were initially included, declined to undergo the
tests. Eight patients developed rubeosis iridis.

Central retinal vein occlusion (CVRO) is a
common cause of visual loss and may lead to
rubeosis iridis and to potentially painful neo-
vascular glaucoma. The risk of this complication
may be reduced by panretinal photocoagulation
following the early identification of high risk
cases. Attempts have been made to predict
rubeosis using various parameters but no method
of prediction has gained wide acceptance in
clinical practice.

Electrophysiological investigations in cases of
CRVO have largely been concerned with changes
in the electroretinogram. '- There are only a few
contradictory references to electro-oculogram
(EOG) changes in CRVO.' 8-0 In his original
description of the EOG, Arden described a case
of CRVO in which the EOG was severely
affected.8 Ashworth reported four cases of
CRVO, in all of which the EOG was affected to
varying degrees.9 Babel reported one case whose
EOG was unaffected.' It was therefore decided to
investigate, prospectively, the EOG changes in
acute CRVO.

CLINICAL EXAMINATION
At the initial clinic visit and at each subsequent
clinical assessment, corrected visual acuity was
measured and careful slit-lamp examination per-
formed, including gonioscopy, to detect the
earliest sign of rubeosis iridis. This was con-
sidered to be the appearance ofrubeotic vessels at
the pupil margin or in the iridocorneal angle. In
this examination, consideration was given to the
fact that early rubeosis may be difficult to see in
patients with dark irides. If rubeosis was sus-
pected the patient was reviewed weekly until
progression of the subtle signs enabled a definite
diagnosis to be made.

Pupil sizes were measured under room illu-
mination, but in no patient was anisocoria more
than 1 mm. Fundal examination was performed
after pupillary dilatation. A clinical diagnosis of
CRVO was made by identification of the typical
fundal signs of CRVO, namely dilated and
tortuous retinal veins, retinal haemorrhages at
the posterior pole extending towards the mid-
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periphery in all four quadrants, and unilateral
disc swelling in association with a reduction of
visual acuity.

INCLUSION AND EXCLUSION CRITERIA
Only patients with a definite clinical diagnosis of
acute CRVO and who underwent clinical assess-
ment and electro-oculography within 60 days of
the onset of visual symptoms were included in
the results of the study.

Criteria for exclusion from the study were
previous significant ophthalmic disease in either
eye, previous ophthalmic surgery, the use of
topical or systemic medications, and previous
photocoagulation.

EOG MEASUREMENT
The technique employed for recording the EOG
was based on that of Arden et aP and has been
described previously." In summary the subject
was seated I 5 m in front of the centre of a panel,
upon which were mounted eight neon tube
bulbs. Two small red bulbs served as fixation
points and were positioned either side of the
centre of the screen to subtend an angle of 300 at
the patient. Chlorided silver electrodes were
attached to the bridge of the nose and to each
outer canthus, and the signals were amplified by
an EEG machine.
The subject was instructed to perform fast eye

movements from one fixation point to the other,
at a rate of one per second; a sequence of eight of
these movements was performed and recorded
every 2 minutes. Six such sequences were per-
formed in darkness after a 20 minute period of
light adaptation. Then with the room and screen
illuminated another six sequences were
recorded, again each separated by 2 minutes.
The meanEOG amplitude for each sequence was
calculated. Therefore for each subject, 12 values
were obtained from the left and 12 from the right
eye in each session, from which were determined
the minimum EOG amplitude in the dark (dark

Table I EOG Lp/Dt ratios ofall patients, ranked in
ascending order according to the ratio in the affected eye

EOG ratio in EOG ratio in
affected eye unaffected eye

Subject index (%) (%)

10* 86 255
24 95 238

1 100 301
2* 100 346
6* 100 316
4 100 249

20 100 262
27* 100 300
17* 100 243
26* 100 250
13 100 275
1 1 100 301
16* 100 227
7 110 250

15 117 264
5 120 264

25* 129 274
9 145 223
8 146 219

19 148 205
23 177 216
12 188 250
21 189 190
3 200 220

14 208 244
28 227 241
18 300 424
22 382 363
Mean 145 265
SD 68 50

* Rubeosis iridis

trough, Dt) and the maximum EOG value during
light (light peak, Lp). The whole procedure
lasted approximately 35 minutes. The head posi-
tion, eye movements, and pupil diameter of the
subject were monitored using an infrared closed
circuit TV camera.

All results were analysed using two-tailed
paired or unpaired t tests, as appropriate.

Results
Twenty eight patients were included in the
study. Patients underwent electro-oculography
between 14 and 48 days from onset of CRVO
(mean 32 (SD 8) days). Eight patients (29%)
developed rubeosis iridis during a 9 month
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Figure I TheEOG Lp/Dt
ratio in the affected and
unaffected eyes ofpatients
with acute CRVO (*:
rubeosis iridis).
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517The electro-oculogram in central retinal vein occlusion
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Figure 2 The EOG Lp amplitude in the affected and unaffected eyes ofpatients with acute'CRVO (*: rubeosis indis).

follow-up period. The rubeosis began at the
pupil margin in six of these eight patients, on the
trabecular meshwork alone in one patient, and
at both of these sites in the remaining patient.
The EOG ratio (Lp/Dt)x 100 was smaller in

the affected than in the unaffected eye of all but
one patient (Fig 1). The range of the EOG ratios
for the unaffected eyes was 190-424%, and 86-
382% for the affected eyes (Table 1). In 20
patients (7 1%) the EOG ratio of the affected eye
was less than 170%. An EOG Lp/Dt ratio of less
than 170% is considered abnormal in our labora-
tory and in others.21'
The mean value ofthe EOG ratio of all affected

eyes was 146% (SD 68%), and of all unaffected
eyes 265% (SD 50%). This difference is statis-
tically significant (p<0-001). Table 1 shows the
EOG ratios of all patients, ranked in ascending
order by the affected eye to facilitate interpreta-
tion of the data.
The EOG Lp/Dt ratio can be affected by

changes in either the Lp or Dt. The mean Lp
amplitude of affected eyes (208 (SD 101) uV)
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Time interval
Figure 3 The mean and standard deviation ofall patients'EOG Lp/Dt ratios in each time
interval of2 minutes. Time intervals 1-6 were during dark and time intervals 7-12 were
during light (n=28). It can be seen that the largest differences between affected and unaffected
eyes occurred in the light (time intervals 11 and 12), and that at the end ofthe dark period
(time interval 6) there were no differences between affected and unaffected eyes.

was significantly smaller (p<0-001) than that of
unaffected eyes (361 (SD 100) ,uV). This is
illustrated in Figures 2 and 3 (particularly in time
intervals 11 and 12). The difference between the
mean Dt amplitude of affected eyes (150 (SD 60)
,uV) and unaffected eyes (142 (SD 47) uV) was
not statistically significant. This is shown in
Figure 3 (time intervals 6 and 7).
To facilitate comparisons the amplitude of the

Lp of the affected (A) eye was expresssed as a
percentage ratio of that of the unaffected (NA)
eye and the patients were ranked in ascending
order according the value of this ratio (A/
NA)x100 (Table 2). Fourteen patients had an
A/NA ratio of less than 50%. It can be seen from

Table 2 LP amplitude (>V) ofthe affected (A) eye,
expressed as percentage ratio of that ofthe unaffected (NA)
eye. The patients are ranked in ascending order according to
the value of this ratio 100 A/NA

EOG light peak EOG lightpeak 100
Subject in affected in unaffected AINA
index eye (A) eye (NA) (%)

10* 75 350 21
26* 75 312 24
17* 150 575 26
25* 112 375 30
16* 137 425 32

1 112 337 33
20 150 425 35
4 75 187 40

1 1 137 337 41
6* 112 275 41

27* 250 525 48
2* 187 387 48

15 175 362 48
5 225 462 49

24 250 475 53
13 225 412 55
7 137 250 55

14 312 487 64
9 162 250
8 200 300 67

23 287 350 82
3 350 412 85

21 212 237 89
28 425 450 94
19 462 462 100
22 237 225 105
18 225 212 106
12 375 250 150
Mean 208 361
SD 101 100

*Rubeosis iridis
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Table 2 that all the eight patients who developed
rubeosis iridis had an A/NA Lp ratio at presenta-
tion of48% or less, and that no patient developed
rubeosis whose A/NA Lp ratio at presentation
was greater than 48%.
When patients with EOG Lp/Dt ratios above

170% were compared with those below 170%,
there were no statistically significant differences
in age, sex, or time from CRVO onset to EOG
testing, between the two groups. Nor were there
any statistically significant differences in these
parameters between those patients with an A/NA
Lp ratio above 48% and those with an A/NA Lp
ratio of48% or below.

Discussion
The results presented above show that in this
prospective masked study the EOG Lp/Dt ratio
is significantly reduced in the affected eyes of a
group ofpatients with CRVO compared with the
unaffected fellow eyes. Further to this group
effect the EOG Lp/Dt ratio was in the range that
is considered abnormal (less than 170%'281") in
the affected eye of 71% of these 28 individuals,
whereas that in the fellow eye was 190% or more
in all cases. The EOG Lp/Dt ratio in the affected
eye of the remaining 29% of cases was within the
normal range in absolute terms, with minimal
differences between the two eyes. This may
partly explain the negative findings of previous
studies.'9 It has been suggested that recovery of
initialEOG abnormalities in patients with CRVO
may occur later in the natural history of the
condition.9'0 This too may explain the differ-
ences between the findings of this study and of
others, forEOG measurements in this study were
made at the onset of the condition.
The results show that the effects upon the

EOG Lp/Dt ratio are largely due to a reduction in
the amplitude of the light peak (Lp). To explain
why CRVO should lead to a reduction in the
amplitude of the Lp, the nature of the damage in
CRVO should be considered in the light of
current understanding of the processes underly-
ing the development of the Lp.
The blood circulation ofthe inner retinal layers

is by the central retinal artery and the central
retinal vein.'2 The RPE, photoreceptors, and
outer layers of the neuroretina are supplied by
diffusion of oxygen from the choroidal circula-
tion. The watershed between the two circulations
is at the level of the bipolar cell dendrites, at the
junction of the outer and middle thirds of the
outer plexiform layer of the retina.'213 It is
thought that CRVO leads to ischaemia of the
inner retina owing to reduced perfusion conse-
quent upon the outflow obstruction. 14

The dependence of the Lp on a normally
functioning neuroretina has been repeatedly pro-
posed from experimental evidence,'"'9 and it has
been suggested that structures within the neuro-
retina contribute to the development of the Lp,
in addition to the photoreceptor/RPE complex.
The Dt is believed to reflect the function of the
RPE alone,8 and so impaired retinal circulation
would not be expected to produce defects in the
Dt. Moreover, it has been noted in animal
experiments that the EOG Dt is not affected by
central retinal artery occlusion.20

That CRVO has been found to affect the Lp
implies either involvement of inner elements of
the neuroretina in the development of the Lp, or
extension ofthe damage consequent upon CRVO
to involve the RPE and other structures supplied
by the choroidal circulation.
Modulation of the standing potential of the

RPE is thought to be initiated by chemical
factors, but there is debate whether these mod-
ulating chemicals are released from the photo-
receptors2 (supplied by the choroidal circulation)
or from more internal retinal structures'120 (sup-
plied by the retinal circulation).
When the amplitude of the Lp in the affected

(A) and unaffected (NA) eyes were compared by
expressing these values as a percentage ratio
A/NA, it was found that the ratio ranged from
21-150% (Table 2). When these values were
ranked in ascending order it was observed that
only those patients whose ratio was 48% or less
developed rubeosis. In other words, if the ampli-
tude of the Lp of the EOG in the affected eye is
less than half of that of the unaffected eye, then
there is an increased probability that rubeosis
will develop. When the EOG Lp/Dt ratio was
similarly ranked, it was not as effective as the
A/NA ratio in predicting rubeosis (Table 1). This
may be due to an effect upon the EOG of the
across-subject variability in the Dt ratio.

It is important to determine that in those
patients with an A/NA ratio of48% or below, or
those with an EOG Lp/Dt ratio below 170%, the
observed increased incidence ofrubeosis was not
due to other factors. These populations were
therefore examined with respect to age, sex and
time between CRVO onset and EOG testing.
They were compared with their fellow popula-
tions of patients whose A/NA ratio was above
48%, and with those whose EOG Lp/Dt ratios
were above 170%, respectively. No statistically
significant differences were found between the
two sets of populations.
Whatever the case, the results appear to be

clinically relevant because the degree of EOG
abnormality bears some relation to the develop-
ment of rubeosis iridis. (Rubeosis may also be
caused by other ischaemic conditions such as
diabetes mellitus and carotid insufficiency.)
CRVO is a common cause of loss of vision and
may lead to rubeosis (in 29% of patients in this
series), and to potentially painful neovascular
glaucoma in 8-25% of patients.2' The risk of
these complications, which are more common in
ischaemic CRVO, may be significantly reduced
by adequate PRP.2'-24 However, because of the
side effects ofPRP (including constriction of the
visual fields in these patients, who often have
poor central vision), this treatment is only indi-
cated in ischaemic cases where the risk of
rubeosis is high. Despite this, it has been
reported that up to 80% of patients with CRVO
are treated with PRP.24 A major clinical problem
in CRVO is the early identification of high risk
cases. Attempts have been made to predict
rubeosis using electroretinographic parameters"'
but not, as far as we have been able to ascertain,
using the EOG. Because no single method of
prediction is ideal none has gained wide accep-
tance in clinical practice.
In this study no patient whose A/NA EOG Lp
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ratio was more than 48% developed rubeosis. Of
the 14 patients whose A/NA Lp ratio was less
than 50%, eight developed rubeosis, five of
whom were the patients with the smallest of all
A/NA Lp ratios. However six of these 14 did not
develop rubeosis in spite of a low ratio. The data
does not explain in what way these six patients
are different.

Further work is required to investigate these
aspects and the variation of the EOG with time,
for the results above represent readings taken at
only one point in the natural history of the
condition. However the results do show that no
patients developed rubeosis if their A/NA ratio
was greater than 50%, which may develop into an
important finding in the clinical management of
CRVO.

Conclusion
It has been shown that the EOG is affected in
many patients with acute CRVO, and that this is
due to an effect on the EOG light peak. This may
suggest that retinal control of the EOG occurs in
the inner retina but a toxic effect cannot be ruled
out. The results have been shown to have clinical
relevance because patients with the most severely
affected EOG most commonly develop rubeosis.
Further investigation into EOG changes in the
pathological situation of CRVO may aid our
understanding of normal and abnormal retinal
function.
The authors acknowledge the help and financial assistance of the
special trustees of Bristol Eye Hospital, thank Mr C Barber for
reading the manuscript, and MrW Ayliffe for drafting the original
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