




Prognostic significance ofthe pattern visual evokedpotential in ocular hypertension

Glaucoma Patient (Age: 70)
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Figure 2 Pattern VEPsfrom an early CSG patient. Upper traces to inferior her
stimulation, lower traces to superior hemifield stimulation.
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Table 2 Diagnostic outcome at follow-up in relation to
initial VEP

Initial VEP OH CSG Reverted

Normal 23 0 2
Abnormal 16 7 1

Table 3 Comparison ofinitial andfollow-up VEPforOH
patients

Follow up VEP

Initial VEP Normal Abnormal

Normal 22 3
Abnormal 7 17

although detailed analysis of it was not feasible it
was considered to be abnormal and was included
in all subsequent analysis as such. Overall, 24 of
49 patients (49 0%) showed some sort of abnor-
mality at initial diagnosis. Of these, 12 were
initially assessed by Goldmann field and 12 bySu pe rlor Octopus.

Hem if i e I d Reassessment of the OH group at follow-up
resulted in a reassignment of diagnosis as shown
in Table 2. The most significant feature of these
data is that all seven who were subsequently
confirmed as early CSG had an abnormal VEP on

mifield ~ initial assessment. It should be noted that five of
these were initially assessed by Goldmann peri-
metry and field defects were subsequently
demonstrated by both this method and Octopus.

lifferences The other two were assessed by the latter method
-stablished alone. The additional 16 with abnormalities
found, but were, on reassessment, still regarded as OH. It is
tency with also interesting, and somewhat reassuring, to
itency data note that, of the 23 who had normal VEPs, none
4rom these had developed signs of CSG by the end of the
rere deter- follow-up period. The 'reverted' column refers
amplitude to those patients whose subsequent IOP readings
variation, were consistently found to be normal. A com-
deviation. parison between results of the follow-up VEPs
isensically) and the initial recordings is shown in Table 3.
al utility of The 17 patients who had consistently abnormal

VEPs included the seven who developed
shown in glaucomatous damage. Of the seven whose
data with results returned to normal four had an increase in
rs indicate latency in their fellow eye, resulting in a loss of
). It can be the previously reported interocular difference.
nterocular The remaining three had no such explanation for
responses the return of their VEP to 'normality' and
han those included the single patient from this group who
within the 'reverted'. Of the 25 patients who initially had
nuation of normalVEPs 22 remained normal, two developed
the latter. interocular differences in latency, and one an
y differen- interocular difference in amplitude. The VEPs
rds the top
the patient
Ssentation, Table 4 Comparison ofmean intertest changes in VEP
ate and/or latency
9 patients
6 controls Intertest Significance
)culardif-mean SD (df)*
nialities to (a)IHS

OH (VEP normal) -0-91 4-17
3) and two OH (VEP abnormal) +1-19 4-72 NS (37)
relation to CSG +4-33 7-74 p=0-015 (27)(b)SHS
4 ofthe 49 OH (VEP normal) -1-00 5-68
compared OH (VEP abnormal) +3 38 4-73 p=0-008 (37)
litionone

GSG ±6-83 8-77 p=0O006 (27)lition, one
form, and * Degrees of freedom.
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of the two patients who 'reverted' were normal
on retesting.
We also compared the mean intertest changes

in VEP parameters of those ocular hypertensives
who initially had normal VEPs respectively with
those who had abnormal VEPs but remained
OH, and those who developed CSG (Table 4). In
relation to the former some difference was

demonstrated in latency, but this was significant
for the SHS mode alone (Table 4b). As to the
latter, notwithstanding the small number in the
CSG group (seven), significance was observed
for both stimulation modes, at the significance
level shown (Table 4a, b). Mean intertest ampli-
tude did not show any changes in either group.

Discussion
Though the earliest studies of the VEP in OH
failed to reveal any abnormalities,'4 15 in recent
years there have been a number of reports
showing changes. 16 17 25 In addition there has been
much enthusiasm concerning the potential
application of the PERG in both ocular hyper-
tension and early CSG, 124 where the main
finding has been attenuation of the response.
Consequently, its application in the diagnosis
and management of these conditions has been
advocated. However, it is well understood in
visual electrophysiology that absolute amplitude
is a 'sofe quantity, whereas latency, or more

correctly in this particular context implicit time,
is a 'hard' quantity, - that is, amplitude
measurements demonstrate large interindividual
variability, whereas latency/implicit time
measurements show small interindividual vari-
ability. Therefore, as PERG implicit time has
shown little or no change in glaucoma,20 its
clinical utility is vitiated by the significant over-

lap of amplitude distributions of control and
OH/CSG populations.2'22 An attempt has been
made to overcome this problem by adopting
ratiometric techniques in relation to the
measurement ofPERG componentry,24 and with
some success. However, there are still problems,
as measurement of amplitude has to be made
with respect to a stable 'baseline', a condition
notoriously difficult to achieve in the routine
clinical setting.
With regard to the transient pattern VEP,

Towle's group'6 demonstrated significantly
delayed latencies in 23% of OH patients, and
subsequent studies using refined stimulation
techniques have observed up to 47% of such
patients with abnormalities. 1U 25 The incidence of
49% in this present study generally concurs with
these previous findings. A recent study using the
flash VEP33 has attempted to advocate the use of
tlis method clinically, but it has long been
known in electrophysiological research that such
potentials are limited by wide variability of
amplitude within the normal population and
large interindividual variation in form.34 It is also
impossible adequately to control retinal adap-
tation levels and exclude problems due to stray
and scattered light. Consequently, the predic-
table finding of significant overlap in P1
amplitudes of control and pathological popula-
tions in glaucoma33 does, we believe, preclude its
use for this purpose.

To our knowledge this present report is the
first published follow-up study undertaken to
determine the prognostic significance of electro-
physiological abnormalities in OH. The most
striking feature of our results is that all seven
patients who eventually developed glaucomatous
field defects had VEP abnormalities at initial
diagnosis of ocular hypertension. As a group
they also showed increases in VEP latency at
follow-up, thus demonstrating a deterioration of
retinal ganglion cell function due to incipient
glaucomatous damage. It must be conceded,
however, that had the five who were initially
classified by kinetic perimetry been subjected to
more sensitive computerised static perimetry,
their initial diagnosis might have been different.
In relation to the 16 patients with VEP abnor-
malities at initial examination who have yet to
develop field defects, we believe that they must
be followed up carefully to determine whether
they are in the early stages of glaucoma or
whether they are false positives due to lack of
specificity of the VEP. However, set against the
latter possibility is the fact that, in common with
the group who developed signs ofglaucoma, they
showed a significant increase in mean latency
(albeit to SHS alone), strengthening the con-
tention that they do indeed have incipient
glaucoma. Thus we consider it is justifiable to
assert that OH patients with VEP abnormalities
at initial presentation are at higher risk of
developing glaucoma.
With respect to the OH group with normal

VEPs at diagnosis, none of them so far have
developed field defects, and intertest compari-
sons have revealed marked stability of VEP
parameters. Twenty-two of the original 25
patients in this group have maintained normality
on repeat testing and therefore we consider can
be regarded as at low risk of developing
glaucoma. Three, however, have developed VEP
abnormalities and obviously must be treated
with more caution. There are problems ofcourse,
in giving the correct weight to measurements of
interocular differences. These may be absent in
symmetrical glaucoma, leading, falsely, to the
reporting of normality. Intertest comparisons
are of more value in this instance, as they may
reveal deterioration of VEP parameters that one
would fail to detect when comparing a single
VEP with the normal range. This was illustrated
in our study group, six of the 16 OH patients
with VEP abnormalities at diagnosis were
reported as having normal VEPs on follow-up.
Intertest comparisons, however, revealed an
increase in latency in the fellow eye of four of
them, and therefore there is the distinct suspicion
that they could be abnormal.
As no patient in the study had any concomitant

neurophysiological or ophthalmological dis-
orders, or confounding factors due to optical
errors or medial opacities which could have
compromised the data, we are confident in
ascribing the effects to early glaucomatous
processes. The result of such damage is, we
would argue, consistent with the theory that
units with large receptive field size and high
contrast sensitivity - the 'Y'-type cells of the
magnocellular pathways - are damaged first in
glaucoma.3536 This is not an unreasonable
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suggestion, as our VEP stimulation technique,
namely, field size/location, check size/contrast,
and surround illumination, generally matches
the characteristics and retinal location of such
units. We would thus argue that such factors are

of considerable import in the design of VEP
experimentation to maximise clinical effective-
ness.
The transient pattern VEP is a straightforward

investigation which takes 10-15 minutes in total
to perform and requires the patient to fixate for
only about 30-60 seconds at any one time. It thus
requires less co-operation than conventional
kinetic or computerised static perimetry and
therefore has distinct advantages with regard to
that group of patients who have difficulty in
performing a field investigation. However, our
current understanding of the effects of early
glaucomatous pathology on visual function,
coupled to the qualified conclusions of this
modest follow-up study, do not allow us to
advocate VEP methods as a substitute for careful
static perimetry. What it does suggest is that the
two techniques are complementary, the former
giving us objective data on, primarily, pattern
processing mechanisms, whereas the latter elicits
subjective data on primarily luminance processing
mechanisms. There is mounting evidence to
support the contention that pattern mechanisms
are affected in advance ofluminance mechanisms
in early glaucoma,37 and the findings of this study
are in concordance with these. Much work still
needs to be done, however to expand our know-
ledge of such processes further. In addition more
extended, prospective studies on larger patient
cohorts are required before we can confidently
support the pattern VEP as an earlier indicator of
incipient glaucoma.

The authors express their sincere thanks to Karen Copeland, chief
medical physics technician, who with skill and alacrity elicited
most of the electrophysiological and visual field data in this study.
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