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1-6 ischaemic cases, complications may be reduced

1*4 0 Non rubeotic patients by panretinal photocoagulation.' Despite1U Rubeotic patients
12 attempts to predict rubeosis following CRVO

0z using a variety of clinical, angiographic, and
10 - *U electrodiagnostic parameters, '- no method of

t 0*8 prediction has gained wide acceptance in clinical0 practice. The RAPD is a sensitive clinical
0.6 * method of prediction69 " but it is subjective and

U m4Wz E3 * * so liable to interobserver differences. An objec-04- 0o g ° * tive test of pupillary reactivity might eliminate
0 2 0C such problems in the prediction of rubeosis.
O 0 The results of this study show that small but
0L significant differences in pupil diameter between

-02 affected and unaffected eyes can be measured
-0-4 using IRP. These differences were too small to be

-04 -03 -02 -0.1 0 01 02 03 0.4 05 066 - s* ilC(A)-C(NA) ~~~~clinically discernible.C(A) - C(NA) On performing the swinging flashlight test, 22
-igure 1 Graph showing of 32 patients had a measurable RAPD; this
he interocular difference in MULTIVARIATE ANALYSIS RAPD was significantly greater in patients whofilated pupil diameter (D),
lotted against the ' To identify retrospectively those patients most went on to develop rubeosis than in those who
nterocular difference in likely to develop rubeosis given their IRP results did not. However, two patients who developed
C).rThe rubeotic patients on presentation, discriminant analysis was per- rubeosis had no RAPD on presentation (patients
ire clustered to the right of formed on the IRP parameters in combination. 6 and 27) and two patients who did not develop
he graph, but there is some By performing discriminant analysis using a rubeosis had dense RAPDs (patients 1 and 21).
rverlap with non-rubeotic combination of all eight of the IRP parameters The level of RAPD that has been proposed to
)atients. (A==affected eye;6TAtun^affeced eye.) eye; latency, rate, dilated diameter, and constricted identify those patients with sufficient ischaemia

diameter in both affected and unaffected eyes, 29 to produce rubeosis, has varied in previous
of 32 outcomes were correctly identified. Ten of reports from 0 7 LU6 to 1-8 LU." If the level of
12 cases of rubeosis were correctly identified but 0 7 LU had been used on our results (that is,
two cases were missed (patients 17 and 27; false -0 9 LU, because the filter bar is graded in 03
negatives). Nineteen of20 cases without rubeosis LU steps), six of 12 cases of rubeosis would have
were correctly identified, but one was incorrectly been correctly predicted but six of 12 would have
identified as rubeotic (patient 19; false positive). been missed. Conversely 18 of 20 non-rubeotic
The results ofdiscriminant analysis and multiple cases would have been correctly predicted. In
linear regression (MLR) are summarised in other words an RAPD of .0 9 LU would have
Table 4. been 50% sensitive and 90% specific in the

In other words, using IRP parameters, dis- identification of rubeosis. If an RAPD cut off of
criminant analysis was 83% sensitive and 95% .0 6 LU had been used to predict rubeosis, it
specific in the 'prediction' of rubeosis (statis- would also have correctly identified 24 of 32
tically significant; p=0-032, MLR). Using the outcomes. Ten of 12 patients with rubeosis and
interocular differences in the four IRP para- 14 of 20 patients without rubeosis would have
meters, discriminant analysis was 83% sensitive been correctly identified, a sensitivity of83% and
and 85% specific in the 'prediction' of rubeosis a specificity of 70%.
(statistically significant; p=0-006, MLR). In addition to the different RAPD thresholds

that have been used to predict rubeosis, the
sensitivity and specificity of the different levels

Discussion have been reported to vary.69 10'" This variation in
The more ischaemic is a CRVO, the greater the the 'break point' of the RAPD probably reflects
incidence of rubeosis'° and of neovascular glau- the subjectivity of the clinical test and this
coma. Following the early identification of impugns the reliability of comparisons between

Table 4 Summary ofresults ofdiscriminant analysis using IRP data. The percentage probablility ofeach predicted outcome
(Pr) is given alongside the patient index number for incorrect predictions. The regression equation that calculates this
probability is also shown, with the level ofsignificance for the prediction.

Total Patient Predicted
correct Correct Incorrect index probability

Predictor(s) (n=32) prediction prediction number (%) (Pr)

(a) Latency (A) 29 Rubeotic 10 2 (83% sensitive) 17 76
(b) Latency (NA) 27 87
(c) Rate (A)
(d) Rate (NA)
(e) Max diameter (A) Non-rubeotic 19 1 (95% specific) 11 95
(f) Max diameter (NA)
(g) Min diameter (A)
(h) Min diameter (NA)
Regression equation: Pr=0-11+0-017 a-0-02 b-0-069 c+0 265 d+1 19 e-1-54 f-0-014 g+0543 h (p=0032)
(k) Latency difference (A-NA) 27 Rubeotic 10 2 (83% sensitive) 17 61
(1) Rate difference (A-NA)
(m) Max diameter difference (A-NA) Non-rubeotic 17 3 (85% specific) 11 78

13 51
(n) Min diameter difference (A-NA) 21 52
Regression equation: Pr=0 03+0 015 k+0 124 1+1-14 m+OOln (p=0006)

A=affected eye; NA=unaffected eye.
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Clinical and infrared pupillometry in central retinal vein occlusion

different examiners. A more objective test of
pupillary reactivity such as IRP may therefore be
more reliable and useful than the clinical test.
To our knowledge, IRP has not been used

previously to investigate CRVO. Previous
studies using IRP have demonstrated that pupil-
lary reactions in other conditions such as diabetes
mellitus3 14 and Parkinson's disease'8 are abnor-
mal in both eyes of patients, by comparing their
IRP parameters with those of young normal
controls. In such normal subjects the dilated
pupillary diameter has been measured as
between 4-718 and 6-7 mm,14 the constricted
pupillary diameter has been measured as
between 3-14 and 2 5 mm,18 and therefore the
D/C ratio has varied between 1-9 and 2-2.
Reported values for the other IRP parameters in
these controls are 240±18 ms for latency and
4 19± mm/s for rate.'8

Previous studies have also shown uniocular
abnormalities in the affected eyes ofpatients with
optic neuritis."-" In our study, IRP parameters
have been shown to be significantly affected in
eyes with CRVO by using the patients' own
unaffected eye as a control. The lack of age
matched controls makes it inadvisable to com-
pare our results with those of normal sub-
jects.The differences in IRP parameters between
affected and unaffected eyes of patients with
rubeosis were all significantly greater than in
those without rubeosis. IRP has also shown
differences in the absolute values of some indi-
vidual parameters, between the affected eyes of
patients with rubeosis and those without. How-
ever, these differences did not achieve statistical
significance, possibly because the number of
patients was too small.
Ranking ofthe individual IRP parameters, and

of the interocular differences, showed a trend
whereby the results of rubeotic patients were in
general and most abnormal. However, individual
variability was such that no single parameter was
reliable in the prediction of rubeosis.
Using discriminant analysis on a combination

of both eyes' primary IRP parameters, IRP
statistically significantly identified those patients
who developed rubeosis with 83% sensitivity and
95% specificity. These figures represent an
improvement in specificity over any neutral
density filter threshold in our hands, an improve-
ment in sensitivity over theRAPD cut-offlevel of
- 0-9 LU, and the same sensitivity as the RAPD
level of .0-6 LU. Discriminant analysis of the
IRP data may be accurate in prediction because
the combination of all eight parameters generates
an index that is not very susceptible to variations
in single parameters. In addition, IRP para-
meters are continuous variables that can be
measured accurately, as opposed to the RAPD
which is a relatively 'blunt' measurement of a
discontinuous variable, the miniimum value of
which is 0. This makes analysis of the results of
IRP more flexible; no amount ofdata analysis can
differentiate patients with an RAPD of 0 who
develop rubeosis from those with or without a
measurable RAPD who do not develop rubeosis.
Both sensitivity and specificity levels would be

changed by altering the 50% probability level
used by discriminant analysis in the prediction of
rubeosis. If it were deemed important either

more definitely to exclude rubeosis or more
definitely to predict it, the level of probability
used by discriminant analysis in prediction could
be raised or lowered accordingly.
We have demonstrated significant anisocoria

in patients with CRVO both in the light and in
the dark, although it is unclear why affected
pupils should be larger than their unaffected
fellows. It has been stated that 'with anisocoria . .
. the defect is located in the efferent pathway.'24
However, we have failed to show any efferent
pupillary defect in CRVO; that there were no
differences between direct and consensual pupil-
lary reactions on stimulation of either affected or
unaffected eyes, shows that the damage inCRVO
must be in the afferent, not the efferent, limb of
the pupil reflex arc.
Our results cannot therefore be explained by

the physical presence of clinical (or subclinical)
rubeosis interfering with pupillary movements,
and, in any case we have shown differences in
IRP parameters between affected and unaffected
eyes both in patients with and without rubeosis.
The damage to the pupil reflex arc in CRVO may
be due to ischaemic neuron loss within the retina,
the extent of which is probably related to the
degree of retinal ischaemia. This would explain
why pupillary reactions are affected in CRVO, in
proportion to the degree of ischaemia.
Both clinical and infrared pupillometry have

merits and disadvantages. Both methods fail to
identify a certain proportion of patients who
develop rubeosis and wrongly identify some who
do not, though IRP is more accurate. The neutral
density filter test is widely available and has been
shown to be reliable in experienced hands, but
may be subject to interobserver differences that
make it difficult to define absolute levels of
abnormality. IRP is objective, repeatable, and
generates much useful data, but the equipment
required is sophisticated and expensive. How-
ever, even in its present early state of develop-
ment, IRP may be superior to clinical testing,
and the increasing use and availability of infor-
mation technology make IRP more suitable to
further research and evaluation.
Using the statistical model built with the data

from this study it would be possible to investigate
the accuracy of prospective prediction of
rubeosis from IRP data in new cases of CRVO.
Such a prediction may be of use in deciding how
closely to follow up patients with CRVO and
whether or not to treat them with panretinal
photocoagulation to reduce the incidence of
rubeosis. A further prospective study would be
necessary to evaluate this.
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