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Background: To evaluate the VEP parameters in operated controlled primary congenital
glaucoma (PCQ) eyes and compare them to normal age similar children eyes.

Methods: A cross-sectional comparative study conducted on 34 (19 right) eyes of 26 (19
males) children operated for PCG and 30 (17 right) eyes of 22 (12 males) age similar control
children in a university-based practice. All study participants were subjected to a standard
protocol of examination and electrophysiological testing (single flash VEP response, light
adapted, pupils not dilated), reporting on the P2 implicit time, N1-P1 and N2-P2 (amplitude).
Results: The mean+SD of the age of the study children and controls was 43.22+33.2 and
55.68+35.2 months respectively (p=0.217). The mean+SD IOP and cup/disc ratio of the
study children were 18.4+5.2 and 5.243.3mmHg and 0.7+0.2 and 0.3+0.3 at presentation and
at testing, respectively. The VEP testing was conducted after 21.5+21.3 months of surgery
for PCG. There was no statistically significant differences in P2, N1-P1 and N2-P2 between
patients and controls (p=0.941, 0.916,0.945, respectively). There was no statistically sig-
nificant correlation between most of the clinical characteristics of the study eyes and any of
the studied VEP parameters.

Conclusion: Operated controlled PCG eyes have VEP parameters that match their normal
fellow children.

Keywords: primary congenital glaucoma, visual evoked potentials, optic nerve,
electrophysiology

Introduction

Primary congenital glaucoma (PCG) is diagnosed, according to the childhood
glaucoma research network (CGRN), by the presence of at least 2 criteria of
elevated intraocular pressure (IOP above 21 mmHg), characteristic corneal pathol-
ogy (corneal Oedema, enlarged corneal diameter, Haab’s striac), optic nerve
changes (increased cup/disc ratio, asymmetry of cup/disc ratio, neural Rim thin-
ning) and visual field changes'. The reported incidence of PCG is variable, from 1
in 10,000 live births® in some communities to 1 in 2500 live births in other
communities.”> PCG is a potentially blinding disease. Visual disability in PCG is
multifactorial. Errors of refraction are an expected sequel to corneal enlargement
and possible Haab’s striae and scars resulting in irregular astigmatism* as well as
increased axial length with its antecedent myopic shift.* The possible oedema and
scarring of the cornea pose a media opacity that compounds visual loss. Finally,
neuronal loss culminates the disease process and heralds the onset of irreversible
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visual loss. Treatment when successful effects halting of
neuronal damage with possible reversal of some optic
nerve cupping.’ Assessment of the optic nerve appearance
can be done both subjectively by clinical examination and
objectively by imaging modalities such as the OCT.*’
Assessment of optic nerve function can be done subjec-
tively by clinical examination (eg, preferential looking,
optokinetic nystagmus, etc) and objectively by electrophy-
siology, namely visual evoked potential (VEP) testing.®
Studies have shown that optic nerve damage in childhood
glaucoma is associated with abnormal pattern reversal
VEPs.” The standard protocols of VEP used worldwide
are the pattern-reversal VEPs, pattern onset/offset VEPs
and flash VEPs.'® For uncooperative patients including
children the most used are flash VEP. The flash VEP
tracing demonstrates a number of deflections, namely
negative (N) waves and positive (P) waves, the most
useful practically of which are the P2 implicit time, N1-
P1 and N2-P2 (amplitude).'" The current study was con-
ducted to evaluate the flash VEP parameters in operated
controlled PCG eyes and compare them to normal age
similar children eyes.

Methods

The study was conducted on 34 (19 right) eyes of 26 (19
males) children with PCG that were operated upon in the
ophthalmology department of Alexandria Main University
Hospital and attending for regular follow up and 30 (17
right) eyes of 22 (12 males) age similar control children
attending the pediatric ophthalmology practice of the
Main
University Hospital for a routine ophthalmic check. The
study adhered to the tenets of the declaration of Helsinki
and Institutional Review Board (the ethical committee of

ophthalmology  Department of  Alexandria

Alexandria University Faculty of Medicine) approval was
obtained. Informed written consent was obtained from the
parents/care providers of the study participants. All eyes
operated for PCG in which the IOP was controlled were
eligible for inclusion in the study. Poor control of the PCG
and secondary childhood glaucoma were exclusion criteria
(inclusion criteria included children diagnosed with PCG,
and exclusion criteria included all secondary childhood
glaucoma according to the CGRN definitions). Control
children were recruited from age similar children that
presented for a routine ophthalmic check for a number of
complaints (eg, refractive error, ocular deviation, screen-
ing by the attending ophthalmologist). All study partici-
pants were subjected to a standard protocol of office

examination, followed by examination under anaesthesia
(EUA) (previously reported by the authors'? and included
IOP measurement by Perkins tonometer, corneal measure-
ment of horizontal corneal diameter, central corneal thick-
ness [Pachmate, DGH technology], fundus examination
including optic nerve assessment by indirect ophthalmo-
scopy and sonographic measurement of ocular axial
length) and scheduled (the PCG cases) within one week
for electrophysiological testing (flash VEP response, the
pattern VEP was not used in this study to avert potential
fixation problems and lack of sufficient cooperation of the
study children). Flash VEP was conducted using the
Roland Consult electrophysiology and imaging. The test
was conducted with the child resting comfortably in the
arms of the mother/familiar care provider and with the
untested eye patched (the patch used was a black plastic
eye shield that was carefully applied to the untested eye to
ensure complete isolation from the test flash). If the child
was cooperative enough an attempt was made to test both
eyes (to use the patients’ normal fellow eye as the patient’s
internal control) whenever this was possible. However,
only the eye with operated controlled PCG was included
for data analysis and statistical workup. The electrodes
were placed according to the International society of
Electrophysiology of vision System (ISCEV) standards'’
and the pupils were not dilated (to simulate real-life situa-
tion as close as possible). The white flash stimulus was
delivered using a mini ganzfeld stimulator to be casily
handled with children. The VEPs were measured and
recorded by an evoked potential inspection device, and
were processed by averaging (about 100 stimuli) because
potentials were extremely small. Peaks were designated as
negative and positive in a numerical sequence (N1, P1,
N2, P2, N3 and P3). Statistical workup was conducted
using Microsoft EXCEL. Qualitative data were described
using number and percent. Quantitative data were
described using range (minimum and maximum), mean,
standard deviation and median. Pearson correlation coeffi-
cient was used to study correlations while student #-test
was used to compare groups. Significance of the obtained
results was judged at the 5% level. Correlations were
sought between VEP parameters and the examination
parameters, both at presentation (preoperative) and at the
time of VEP testing (postoperatively).

Results
The study was conducted on 34 (19 right) eyes of 26 (19
males) children with PCG that were operated upon in the
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ophthalmology department of Alexandria Main University
Hospital and attending for regular follow up and 30 (17
right) eyes of 22 (12 males) age similar control children.
Demographic characteristics of the study patients and con-
trol children are presented in Table 1. The mean age of the
control children was slightly higher than the study chil-
dren, though not statistically significant (p=0.217). One
fourth of the study children were born to consanguineous
parents. One third of the study children were born with
normal vaginal delivery (the remaining children born with
Caesarian section); none reported any birth-related events
(no perinatal hypoxia) and none of the study children was
admitted to the neonatal intensive care unit (NICU). The
clinical characteristics of the study eyes are presented in
Table 2. At the time of the recording the meantstandard
deviation IOP of the study eyes was 5.2+3.3 mmHg and

Table | Study Patients and Controls Demographic Characteristics

the cup/disc ratio was 0.3£0.3 demonstrating significant
improvement than at presentation. Two study eyes demon-
strated a relative afferent papillary defect on clinical exam-
The of the
demonstrated absence of PCG at the time of the study as

ination. fellow eyes study children
evidenced by a meantstandard deviation of the IOP, cup/
disc ratio and axial length of 8.8+4.7 mmHg, 0.2+0.2 and
23.09+1.22 mm, respectively. The recordings were con-
ducted around 2 years after the surgical intervention for
PCG. The VEP findings of the study and control eyes are
presented in Table 3. There was no statistically significant
differences in P2, N1-P1 and N2-P2 in the study eyes
(p=0.941, 0.916, 0.945, respectively) between patients
and controls. The correlations between the study eye clin-
ical characteristics at presentation (preoperative) and at

recording are presented in Table 4 and Figure 1 presents

Patients/Controls Demographic Characteristics

Patients Controls

Study Participants (n,%) 26 (100%) 22 (100%)
Male 19 (73%) 12 (55%)
Female 7 (27%) 10 (45%)
Laterality of Study Eyes (n,%) 34 (100%) 30 (100%)
Right 19 (56%) 17 (57%)
Left 15 (44%) 13 (43%)

Age at Test (meantSD, range) (months)

43.22433.2, 9.8-145.8 55.68+35.2, 6.4-128.6

Age at Presentation (patients) (meantSD, range) (months)

10.73£12.4, 2.0-60.0

Patients born to consanguineous parents (n,%)

7 (27%)

Patients born with normal vaginal delivery/CS (n,%)

8/18 (31%/69%)

Abbreviation: CS, caesarian section.

Table 2 Study Eyes Clinical Characteristics

Study Eyes Clinical Characteristics

At Presentation At VEP Test
IOP (meanSD, range) (mmHg) 18.4£5.2, 8-31 5.2+3.3, 0-13
Corneal Diameter (meantSD, range) (mm) 13.9£0.7, 13155 14.2+0.7, 13-16

Axial Length (meanSD, range) (mm)

24.66+2.45, 21.12-32.87 24.55+2.65, 19.82-32.79

Cup/Disc ratio(meantSD, range)

0.7+0.2, 0.3-1.0 0.3£0.3, 0.0-1.0

Duration from Surgery to Scan (meantSD, range) (months)
Right eyes
Left eyes

21.5+21.3 (1.0-60.0)
38.1+31.6 (1.2-113.9)
26.5+30.8 (1.6-116.3)
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Table 3 Study Patients (Affected Eyes) and Controls Visual Evoked Potentials

Patients/Controls Visual Evoked Potentials

(MeantSD, Range)

Patients Controls

Total affected eyes (right eyes and left eyes data combined) P2 117.10+£24.4, 75.1-162.5 110.469.1, 90.2—-124.0
NI-PI 8.31+9.8, 0.38-53.4 5.0£7.5, 0.3-40.2
N2-P2 17.90£12.5, 1.8-67.7 24.32+15.2, 5.7-78.6

Table 4 Study Eyes Clinical Characteristics Correlations with VEP Parameters

Study Eyes Clinical Characteristics Correlations with VEP Parameters
At Presentation At VEP Test
P2 NI-PI N2-P2 P2 NI-PI N2-P2
r p r p r P r p r p r P

IOP (mmHg)
oD —0.15 | 0.507 | —0.21 | 0.353 | —0.23 | 0.313 | 0.07 | 0.743 | 0.05 | 0.823 | 0.04 | 0.862
(6N 035 | 0.137 | 0.05 | 0.796 | —0.003 | 0.987 | 0.104 | 0.670 | 0.07 | 0.753 | —0.32 | 0.158
Total affected —0.17 | 0.461 | —0.07 | 0.760 | —0.14 | 0.535 | 0.15 | 0.512 [ 0.17 | 0441 | 032 | 0.159
Corneal Diameter (mm)
oD —0.17 | 0462 | 0.05 | 0.809 | —0.14 | 0518 | —0.33 | 0.134 | —0.30 | 0.184 | —0.46 | 0.035*
oS —0.12 | 0.625 | —0.02 | 0.924 | 0.06 | 0.765 | —0.18 | 0.444 | 0.04 | 0.860 | —0.24 | 0.285
Total affected 0.12 | 0582 | 030 | 0.178 | —0.03 | 0.877 | 0.17 | 0436 | 022 | 0327 | 022 | 0323
Axial Length (mm)
oD —0.23 | 0.311 | —0.03 | 0.878 | —0.07 | 0.769 | —0.19 | 0.395 | —0.07 | 0.735 | —0.08 | 0.713
oS —0.17 | 0462 | —0.18 | 0426 | —0.18 | 0416 | —0.31 | 0.188 | —0.05 | 0.819 | —0.32 | 0.156
Total affected 0.15 | 0514 | 006 | 0.774 | —0.13 | 0.547 | 0.28 | 0217 | 0.21 0.358 | 0.08 | 0.730
Cup/Disc ratio
oD 0.0l | 0965 | 022 | 0338 | —0.20 | 0.375 | —0.05 | 0.821 | 0.0002 | 0.999 | —0.06 | 0.765
oS 0.10 | 0683 | —0.16 | 0499 | —0.13 | 0.566 | —0.17 | 0.468 | 0.09 | 0.682 | —0.27 | 0.229
Total affected 0.002 | 0.990 | 0.5 | 0.502 | O.I5 0.506 | 023 | 0299 | 0.02 | 0.898 | —0.07 | 0.755
Duration from Surgery to Scan (mean 21.5+21.3 (1.0-60.0)
1SD, range) (months)

Right 38.1£31.6 (1.2-113.9)

Left 26.5+30.8 (1.6-116.3)

the flash VEP recording studied parameters and the IOP
and C/D ratio. There was no statistically significant corre-
lation between any of the clinical characteristics of the
study eyes and any of the studied VEP parameters.
A sample recording (case/control) is presented in Figure 2.

Discussion

The aim of this study was to report on the VEP findings in
operated controlled PCG eyes and to compare this to age
similar normal children. The studied VEP parameters
were the P2, N1-P1 and N2-P2. The VEP findings in

operated PCG eyes were not significantly different from
the eyes of normal age-matched children. The numbers of
study eyes and laterality distribution of cases and controls
in this study were closely matched rendering the compar-
ison of the results more valid and robust. There was
a predominance of males in PCG cases (about 3 fourths
of the study population) thus paralleling the predominant
male prevalence of the disease already reported by the
author'® and others'* and contrary to other reports in
which no gender predilection was found.'> The age of
the study children was around 4 years for both PCG cases
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Figure | The flash VEP recording studied parameters and the IOP and C/D ratio.
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Figure 2 A sample recording (case/control).

and controls which allowed reasonable cooperation of the
children during the VEP testing and obviated the need for
the use of sedation during the testing. The average age of
the study children and controls was similar to that
reported for electrophysiological studies on children.'®
The fact that general anaesthesia (GA) was not used
during the VEP testing meant that even the pacified
child in a mother’s lap was needed to provide some
cooperation during the testing. GA was not used during
VEP testing to avoid any possible confounding effect on

the VEP parameters by the CNS depression inherent to
inhalational GA.'” Children with PCG in the current
study presented at a slightly older age than the usual
first 6 months of life common to PCG,'* although the
clinical parameters at presentation of the study eyes do
not reflect more severe disease than those in other
reports.'® Strikingly, this relatively delayed presentation
did not result in a deleterious effect on the optic nerve
structure and function as evidenced by lack of statistically
significant correlation between the age at presentation
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with any of the studied VEP parameters. This is in con-
trast to the report by Yadav et al' who reported
a significant reduction in P2 implicit time with advancing
age in children. This difference may be attributed to the
fact that the average age range of the current study was
slightly older than the study by Yadav et al. The fact that
only one fourth of the study children were born to con-
sanguineous parents reflects the documented recessive
inheritance nature and incomplete penetrance of PCG.?’
An additional guarantee of absence of confounders for the
VEP testing is the lack of any perinatal events or Neonatal
Intensive Care Unit (NICU) admissions of all study chil-
dren, ensuring that perinatal hypoxia was not present to
potentially affect neurodevelopment and hence possibly
the VEP results.

Scrutiny of the clinical data of the study eyes reveals
that the PCG was controlled by surgery in all the study
eyes at the time of the VEP testing, as evidenced by
reduction of IOP and reversal of optic nerve cupping.
The finding of an apparently low IOP value in study eyes
is an already reported criterion of operated controlled
PCG" (and especially so when examined under GA
with its antecedent effect on lowering IOP) and as
reported in other studies has no deleterious effect on
the visual functioning of the child, at least clinically.'?
These clinical criteria of the study eyes are in accordance
with other published reports.>’ The mean duration
between the VEP testing and the surgery for PCG was
almost 2 years, a significant time to ensure reversal of
any potentially reversible deleterious effect of PCG on
optic nerve function. The reversibility of optic nerve
cupping with successful treatment of PCG is reported
by a number of studies.”>** However, given the large
variation in the duration between the VEP testing and
PCG surgery, whether this duration has an effect on the
VEP testing and whether the VEP testing outcome would
be a function of this duration, remain speculative.

The ultimate standout finding of the current study is the
VEP parameters of the study and control eyes. These VEP
parameters demonstrate values in the current study that are
close to those reported in other studies,'® thus precluding
any effect of pupil diameter on the current study findings
given that pupil dilation was not used. These parameters
demonstrate no statistically significant differences between
PCG patients’ eyes and control eyes. These results suggest
absence of a deleterious effect of PCG on optic nerve
function following successful control of the disease by
surgery, though this could never be confirmed without

a longitudinal study of the same VEP parameters before
and after surgery for PCG. To the best of the authors’
knowledge, the comparison of the electrophysiological
parameters of eyes with successful controlled PCG to
age similar normal children eyes has not been reported.
The observation that the P2 implicit time is slightly bigger
in PCG patients’ eyes than controls raises the possibility of
mild delayed conduction along the ON of PCG eyes,
a permanent stigma of PCG in afflicted eyes, even after
recovery. This delayed conduction along the optic nerves
of PCG eyes, despite control of the disease, parallels other
reports® of VEP in glaucoma eyes. Other stigmata of PCG,
albeit adequate control of the disease, are slightly exag-
gerated N1-P1 and N2-P2 amplitudes. Studying the corre-
lations of the clinical parameters with the VEP parameters
reveals a negative correlation between IOP and the VEP
parameters, and between the C/D ratio and the VEP para-
meters, though both being statistically insignificant. The
relatively small sample size of the study may be respon-
sible for the correlations not reaching the level of statis-
tical significance. This is in accordance with the study by
Jha et al® though reporting on adult glaucoma. Although
the VEP testing yields multitudes of waveforms with dif-
ferent components, the authors choose to focus on the 3
most significant deflections of the VEP tracing, namely P2
implicit time, N1-P1 and N2-P2 amplitudes.

This study has limitations. The relatively small number
of PCG eyes is a limitation. However, given the level of
cooperation needed to conduct the testing, difficulty in
recruitment of study children is expected. The VEP testing
procedure was not tested and re-tested for reproducibility
in every patient. Cooperation issues given the age group of
the study participants obviously precluded such confirma-
tory procedure. Lack of an objective assessment of the
optic nerve structure (by OCT for example) and hence an
objective correlation to the VEP parameters is another
issue. The focus of this study was the electrophysiologi-
cal — as a clue to the function — rather than the anatomical
characteristics of the operated PCG eyes, hence obviating
the use of the OCT. Lack of refraction data for the study
and control eyes and its correlation with the VEP para-
meters may have highlighted a possible effect of refractive
errors on visual function. Visual function data (fixation
pattern, nystagmus, etc) and its correlation with the flash
VEP findings would add potential value to the study find-
ings. Obviously, children cooperation and comprehension

issues were the barriers for such information.
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To conclude, operated controlled PCG eyes have VEP
parameters that match their normal fellow children thus
providing an objective evidence of potentially intact optic
nerve function in operated controlled PCG and absence of
a deleterious effect of the disease on the optic nerve
function.

Research Involving Human

Participants

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
Alexandria Faculty of Medicine ethics committee and with
the 1964 Helsinki declaration and its later amendments.
The ethical approval was obtained from the ethics com-
mittee of Alexandria Faculty of Medicine, Alexandria,
Egypt. A written informed consent was obtained from all
individual participants included in the study.

Data Sharing Statement

Available upon request from the corresponding author.

Informed Consent
Informed written consent was obtained from of the study
participants.

Consent to Publish

Informed written consent was obtained from participants
to publish the findings.

Disclosure
The authors report no conflicts of interest in this work.
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