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Risk Factors for Blindness in Children With
Primary Congenital Glaucoma—Follow-up of a

Registry Cohort
RAYAN ALSHIGARI, ALIA FREIDI, CHES SOURU, DEEPAK P. EDWARD, AND RIZWAN MALIK
� PURPOSE: To evaluate the baseline features associated
with blindness in a cohort of children with primary
congenital glaucoma (PCG) from a hospital registry.
� DESIGN: Retrospective clinical cohort study.
� METHODS: SETTING: Observational cohort study.
STUDY POPULATION: The registry included all children
who presented to our tertiary care institute between
1995 and 2014 with a diagnosis of childhood glaucoma.
OBSERVATION PROCEDURE: Baseline characteristics at
initial presentation of children with PCG in the registry
who were blind at the last follow-up were compared
with those who were not blind, using bivariate and then
multivariate regressions to account for potential con-
founders. MAIN OUTCOME MEASURES: Blindness was
defined as a best-corrected visual acuity of 3/60 (20/
400) or worse in the better eye at the final follow-up.
� RESULTS: The eligible sample consisted of 196 children
with a mean age of 9.54 ± 22.44 months at presentation.
After a mean ± standard deviation follow-up of 8.49 ±
3.85 years, 20 (10.2%) children were blind. The baseline
demographic factors, intraocular pressure, horizontal
corneal diameter, spherical equivalent, axial length, and
corneal thickness, were similar for the ‘‘blind’’ and ‘‘not
blind’’ groups (P > .05). In the multivariate regression,
only the severity of corneal opacification remained signif-
icantly (P < .001) associated with the risk of blindness
(odds ratio[ 4.05; 95% confidence interval: 1.89-8.85).
� CONCLUSION: Corneal clouding is a predictor of future
blindness in children with PCG. Children with severe
corneal clouding may need more aggressive intraocular
pressure control, closer follow-up, and earlier
counseling. (Am J Ophthalmol 2021;224:238–245.
� 2020 Elsevier Inc. All rights reserved.)
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RIMARY CONGENITAL GLAUCOMA (PCG) IS A IMPOR-

tant cause of childhood blindness in theMiddle-East
region.1–3 Even after timely surgical intervention to

control intraocular pressure (IOP), a significant proportion
of children with PCG end with visual impairment.4,5

Vision-threatening difficulties can be due to optic nerve
damage, corneal opacities, cataract, and amblyopia.6,7

As a result of visual impairment, children with PCG are
challenged with a lifelong burden emotionally and psycho-
logically on the patient and his or her family.8–13 Strategies
for reducing the childhood burden from PCG in theMiddle
East include premarital screening for the disease14 and early
identification of children with a high risk of blindness.
Several studies have investigated the possible risk factors

associated with poor visual outcome in PCG.15–17 Factors
that have strong evidence to be associated with poor
visual outcome are unilateral disease, multiple surgeries,
poor vision at diagnosis, and ocular comorbidities.11,16

Other factors such as age at initial presentation, sex, and
IOP at initial presentation have not been proven to influ-
ence the long-term visual outcome.12,17

The King Khaled Eye Specialist Hospital (KKESH) PCG
Registry was established to provide better characterization
of features of PCG in Saudi Arabia.18 This registry contains
the baseline clinical features of children with PCG who
presented to KKESH, the major tertiary Government facil-
ity in the Kingdom, from 2001 to 2003. Longitudinal
follow-up of children in the registry has allowed the associ-
ation of baseline features with clinical outcomes.
The aim of the current study was to study and report the

association of baseline clinical features at presentation and
risk of blindness in the KKESH Registry cohort.
METHODS

� STUDYDESIGN: This was a cohort study with an internal
control group of children in the original KKESH congen-
ital glaucoma registry,19 to compare the baseline character-
istics at initial presentation of children who were blind at
the last follow-up with those who were not blind as defined
below.
The registry included all children, regardless of initial vi-

sual status, age, or diagnosis subtype who presented to our
institute between 1995 and 2014 with a diagnosis of
0002-9394/$36.00
https://doi.org/10.1016/j.ajo.2020.12.014

LL RIGHTS RESERVED.

http://AJO.com
mailto:rmalik@kkesh.med.sa
mailto:rmalik@kkesh.med.sa
mailto:rizimalik@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajo.2020.12.014&domain=pdf
https://doi.org/10.1016/j.ajo.2020.12.014


TABLE 1. Baseline Clinical Characteristics of Children With Primary Congenital Glaucoma Who Were Blind at Final Follow-up
Compared With the Children Who Were Not Blind

Whole Group Blind Not Blind Pe

Age of presentation (mo)a 9.54 6 22.44 11.65 6 29.08 9.30 6 21.65 .658

Sexb

Male 93 (47.4) 7 (35.0) 86 (48.9) .239

Female 103 (52.6) 13 (65.0) 90 (51.1)

Nationalityb

Saudi 186 (94.9) 18 (90.0) 168 (95.5) .293

Non-Saudi 10 (5.1) 2 (10.0) 8 (4.5)

Geographic locationb

North 33 (16.8) 5 (25.0) 28 (15.9) .457

East 13 (6.6) 0 (0.0) 13 (7.4)

West 49 (25.0) 5 (25.0) 44 (25.0)

South 51 (26.0) 3 (15.0) 48 (27.3)

Central 40 (20.4) 5 (25.0) 35 (19.9)

Family historyb

Positive 62 (31.6) 5 (25.0) 57 (32.4) .672

Negative 109 (55.6) 13 (65.0) 96 (54.5)

Unknown 25 (12.8) 2 (10.0) 23 (13.1)

Consanguinityb

First cousin 58 (29.6) 10 (50.0) 48 (27.3) .269

Second cousin 50 (25.5) 3 (15.0) 47 (26.7)

Distant 15 (7.7) 2 (10.0) 13 (7.4)

Unknown 41 (20.9) 3 (15.0) 38 (21.6)

Lateralityb

Bilateral 190 (96.9) 18 (90.0) 172 (97.7) .057

Unilateral 6 (3.1) 2 (10.0) 4 (2.3)

Previous surgery (worst eye)c

None 174 (88.8) 16 (80.0) 158 (89.8) .135

Trabeculectomy 10 (5.1) 2 (10.0) 8 (4.5)

Trabeculotomy 7 (3.6) 1 (5.0) 6 (3.4)

Trab/trabd 2 (1.0) 0 (0.0) 2 (1.1)

Other 2 (1.0) 0 (0.0) 2 (1.1)

Surgery after presentation (worse eye)c

Trab/trabd 92 (46.9) 4 (20.0) 88 (50.0) .007**

Trabeculectomy 84 (42.9) 10 (50.0) 74 (42.0)

Deep sclerectomy 17 (8.7) 5 (25.0) 12 (6.8)

Trabeculotomy 1 (0.5) 0 (0.0) 1 (0.6)

Missing data 2 (1.0) 1 (5.0) 1 (0.6)

Data are presented as n (%) unless otherwise specified. Percentages indicate row totals.

**Significant result at ɑ ¼ 5%.
aIndependent Student t test.
bPearson x2 test.
cFisher exact test.
dTrab/trab ¼ combined trabeculotomy/trabeculectomy.
eFor comparison of the ‘‘blind’’ and ‘‘not blind’’ groups.
childhood glaucoma, including PCG and secondary forms
of childhood glaucoma. Details of the registry have been
previously published.18,19

The best-corrected visual acuity (BCVA) in each eye
of all eligible children (within the last year) was retrieved
from our electronic medical record system. Any children
VOL. 224 RISK FACTORS FOR BLINDNESS I
who had not had a follow-up in the last year was sched-
uled a clinic appointment, so that BCVA could be
obtained.
Institutional review board approval was obtained, and

the study followed the tenets of the Declaration of
Helsinki.
239N CONGENITAL GLAUCOMA



TABLE 2. Clinical Features in the Better Eye at Baseline for Children ‘‘Blind’’ and ‘‘Not Blind’’ at the Last Follow-up

Whole Group Blind Not Blind Pa

Number of previous surgeries, mean 6 SDc 0.10 6 0.30 0.20 6 0.41 0.09 6 0.29 .260

IOP (mm Hg), mean 6 SDc 28.75 6 9.10 27.6 6 7.82 28.88 6 9.25 .552

Location of corneal opacityd

Localized 129 (65.8) 13 (65.0) 116 (65.9) .011b

Diffuse 17 (100.0) 5 (25.0) 12 (6.8)

None 50 (25.5) 2 (10.0) 48 (27.3)

Severity of corneal opacityd

0 44 (22.6) 3 (15.0) 41 (23.4) <.001b

1 93 (47.7) 4 (20.0) 89 (50.9)

2 30 (15.4) 1 (5.0) 29 (16.6)

3 28 (14.4) 12 (60.0) 16 (9.1)

DM breakd

Central 34 (17.3) 1 (5.0) 33 (18.8) .304

Peripheral 3 (100.0) 0 (0.00) 3 (1.7)

Extensive 5 (2.8) 0 (0.0) 5 (2.6)

None 154 (100.0) 19 (95.0) 135 (76.7)

Horizontal corneal diameter (mm), mean 6

SDc

12.22 6 1.03 12.53 6 1.35 12.19 6 0.99 .191

Spherical equivalent refraction (D) mean 6

SDc

�1.63 6 2.80 �1.04 6 3.10 �1.66 6 2.80 .568

Axial length (mm), mean 6 SDc 21.88 6 14.64 21.18 6 2.02 21.95 6 15.43 .827

Corneal thickness (mm), mean 6 SDc 588.13 6 80.09 616.60 6 70.54 585.11 6 80.67 .148

D ¼ diopters; DM ¼ Descemet’s membrane; IOP ¼ intraocular pressure.

Data are presented as n (%) unless otherwise specified. Percentages indicate row totals.
aFor comparison of the ‘‘blind’’ and ‘‘not blind’’ groups.
bSignificant result at ɑ ¼ 5%.
cIndependent Student t test.
dFisher exact test.
� INCLUSION AND EXCLUSION CRITERIA: The records of
all children in the registry were assessed for inclusion in
the study. Exclusion criteria included those who had
follow-up of less than 5 years and those with secondary
forms of childhood glaucoma (eg, glaucoma after cataract
surgery, glaucoma associated with ocular abnormalities,
and those associated with systemic abnormalities). Any
children who went blind as a result of surgical intervention
from complications such as endophthalmitis and supra-
choroidal haemorrhage, rather than glaucomatous disease,
were also excluded from the final analysis.

� DIAGNOSTIC CRITERIA: For initial inclusion in the reg-
istry, the diagnosis was made in the presence of elevated
IOP (>21 mm Hg) in association with at least one of the
following findings: corneal haze with or without Haab
striae, enlarged corneal diameter, and increased cup⁄disc ra-
tio of more than 0.4 or the presence of significant cupping
asymmetry between both eyes.20

� DEFINITIONOFBLINDNESS: As per theWHOdefinition,
blindness was defined as a BCVA of 3/60 (equivalent to 20/
240 AMERICAN JOURNAL OF
400 or logMAR 1.30) or worse in the better eye at the final
follow-up.21 Blindness in at least one eye was defined as a
BCVA of 3/60 or worse in the worse eye and included the
children who were blind in both eyes. This was used to
evaluate risk factors for a lower threshold for blindness.
BCVA was selected as the visual acuity with refraction or
after pinhole correction. For eyes where BCVA was equal
in both eyes, the better eye was selected at random (within
the SPSS software) with the fellow eye selected as the
worse eye.

� DATA COLLECTION: Data of the following parameters
were collected from the patient medical records: age at pre-
sentation, sex, IOP at presentation, number and type of op-
erations, follow-up period, BCVA at the last visit,
cycloplegic refraction, corneal diameter, pachymetry,
corneal clarity, axial length, and cup-to-disc ratio. IOP
measurement was undertaken with pneumotonometer
and⁄or tonopen, assessment of corneal clarity was graded
from 0 to 3 (‘‘0’’: crystal clear cornea; ‘‘1þ’’: fine corneal
haze where details of the iris could be easily seen; ‘‘2þ’’:
iris visible with difficulty; ‘‘3þ’’: iris is not visible), using
APRIL 2021OPHTHALMOLOGY



TABLE 3. Multivariable Regression of Factors Associated
With Blindness

Covariate Odds Ratio 95% CI P

Age at presentation 1.021 0.990-1.044 .063

Sex (male) 0.848 0.244-2.951 .796

Corneal diameter 0.781 0.383-1.594 .498

Corneal thickness 1.003 0.997-1.010 .310

Severity of CCa 4.053 1.856-8.852 <.001b

Location of CCa

Localized 1.083 0.103-11.379 .947

Diffuse 2.759 0.203-37.513 .446

CC ¼ corneal clouding; CI ¼ confidence interval.
aReference category is the absence of CC.
bSignificant at a ¼ 0.05.
a portable slit lamp.19 The presence of Descemet breaks was
classified by location as ‘‘central,’’ ‘‘peripheral,’’ or
‘‘extensive.’’19

� DATA ANALYSIS: Baseline characteristics were reported
as percentages or proportions for categorical data. Contin-
uous data were reported as means (with standard devia-
tion). A bivariate analysis was used to compare
proportions or means/medians in the ‘‘blind’’ group with
the ‘‘not blind’’ group. A x2 test was used for categorical
data and a Student t test used for comparing means. To ac-
count for confounding factors, a multivariable regression22

was performed to assess the baseline factors that were inde-
pendently associated with blindness. In this regression, we
included age, gender, and any of the covariates from
univariable regression with a P value equal to or less than
.20. Covariates in the multivariable regression were consid-
ered significant if the P value was less than .05. For esti-
mating risk factors associated with blindness, covariates
were selected based on bivariate comparison of the better
eye. The worse eye covariates were selected for estimating
risk factors for blindness in at least one eye. The analysis
was performed in IBM SPSS Statistics for Windows,
version 24, IBM Corp, Armonk, New York, USA).
RESULTS

OFTHE INITIAL 246 CHILDREN INTHEREGISTRY, 12WITHSEC-

ondary forms of glaucoma were excluded and 38 children
were excluded because of follow-up of less than 6 months;
none were excluded because of blindness from surgery (no
such children were identified). The eligible sample
consisted of 196 children with a diagnosis of PCG.

After a mean 6 standard deviation follow-up of 8.49 6
3.85 years, 20 (10.2%) children were blind and 50 (25.5%)
were blind in at least one eye. The mean age for the whole
group was 9.54 6 22.44 months, with a similar proportion
of boys and girls; 190 children had bilateral disease. There
was an absence of family history in over half (109/196 ¼
56%) of the children. Overall, 11.7% of children had sur-
gery before presentation (Table 1).

Table 2 shows the baseline ocular parameters for the bet-
ter eye at presentation for the blind group of children. The
mean IOP at presentation was 28.756 9.10mmHg and the
mean horizontal corneal diameter 12.226 1.03 mm for the
whole group. The IOP, horizontal corneal diameter, spher-
ical equivalent, axial length, and corneal thickness were
similar for the ‘‘blind’’ and ‘‘not blind’’ groups (Table 2).
In eyes that were blind, nearly two-thirds had grade 3
corneal clouding (12/20 ¼ 60%). In contrast, the propor-
tion with grade 3 corneal clouding was 6-fold lower (P <
.001) in the ‘‘nonblind’’ group (16/176 ¼ 9.1%).

In the multivariable regression (Table 3), only the
severity of corneal opacification remained significantly
VOL. 224 RISK FACTORS FOR BLINDNESS I
associated with the risk of blindness (odds ratio [OR] ¼
4.05; 95% confidence interval [CI]: 1.89-8.85).
As a secondary analysis, risk factors for blindness in at least

one eye were also examined. This was related to ocular fea-
tures in the worse eye at presentation (Table 4). This
showed the axial length (P < .001), corneal diameter
(P ¼ .003), the presence of Descemet breaks (P ¼ .019),
and the location (P ¼ .008) and severity of corneal cloud-
ing (P < .001) to be higher in the group of children with
blindness in at least one eye compared with those without
blindness. A multivariable regression relating to factors
in the worse eye (Table 5) revealed that the severity of
corneal clouding (OR¼ 8.55; 95%CI: 4.27-17.1) and axial
length (OR ¼ 1.77; 95% CI: 1.19-2.64) were significantly
associated with blindness in at least one eye.
Of the 40 eyes (of 20 children) who were blind at the

final follow-up, 8 eyes were documented clinically to
have advanced glaucomatous optic neuropathy; a further
11 eyes had severe corneal clouding precluding any fundal
view but were noted to have advanced optic nerve cupping
on ultrasound B scan assessment. In 11 eyes with severe
corneal clouding, the state of the optic nerve was unclear
and not assessed with ultrasound examination. None of
the children were found to have complete resolution of
corneal clouding at the last follow-up.
DISCUSSION

THE MAIN AIM OF THIS STUDY WAS TO DETERMINE THE

baseline risk factors associated with eventual blindness in
children with PCG in this large registry-based study. Iden-
tifying such risk factors may enable early identification of
children at high risk of blindness, permitting more timely
treatment and closer follow-up and counseling for this
group of children.
241N CONGENITAL GLAUCOMA



TABLE 4. Clinical Features in the Worse Eye at Baseline for Children With Blindness in at Least One Eye

Whole Group Blind in at Least One Eye Not Blind Pa

Number of surgeries, mean 6 SDc 0.11 6 0.32 0.20 6 0.40 0.08 6 0.28 .06b

IOP (mm Hg), mean 6 SDc 31.10 6 8.99 32.37 6 10.33 30.65 6 8.48 .246

Location of CCd

Localized 141 (71.9) 30 (60.0) 111 (76.0) .008b

Diffuse 26 (13.3) 13 (26.0) 13 (8.9)

None 29 (14.8) 7 (14.0) 22 (15.1)

Severity of CCd

0 17 (8.7) 2 (4.0) 15 (10.3) <.001b

1 85 (43.3) 4 (8.0) 81 (55.5)

2 44 (22.4) 3 (6.0) 41 (28.1)

3 50 (25.5) 41 (82.0) 9 (6.2)

DM break e

Central 35 (17.9) 3 (6.0) 32 (21.9) .019b

Peripheral 3 (1.5) 0 (0.00) 3 (2.1)

Extensive 6 (3.1) 3 (6.0) 3 (2.1)

None 152 (77.6) 44 (88.0) 108 (74.0)

Horizontal corneal diameter (mm), mean 6

SDc

12.55 6 1.05 12.95 6 1.00 12.41 6 1.03 .003b

Spherical equivalent refraction (D), mean 6

SDc

�2.35 6 3.00 �2.81 6 2.82 �2.29 6 3.05 .510

Axial length (mm), mean 6 SDc 21.28 6 1.61 22.05 6 1.55 21.03 6 1.54 <.001b

Corneal thickness (mm), mean 6 SDc 594.68 6 92.90 588.63 6 71.73 596.42 6 98.32 .663

CC ¼ corneal clouding; D ¼ diopters; DM ¼ Descemet’s membrane; IOP ¼ intraocular pressure.

Data are presented as n (%) unless otherwise specified.
aFor comparison of ‘‘blind’’ and ‘‘not blind’’ groups.
bSignificant result at ɑ ¼ 5%.
cIndependent Student t test.
dPearson x2 test.
eFisher exact test.
The major finding of this study was the positive associa-
tion of severity of corneal clouding with blindness. A num-
ber of factors contribute to corneal clouding in children
with PCG. PCG itself can result in clouding of the cornea,
which usually can be reduced by pharmacologic or surgical
reduction of IOP. In addition, the CYP1B1 genetic muta-
tion is itself associated with central corneal clouding.23,24

We found that blind children tended to have severe but
also more diffuse corneal clouding (5/20 with ‘‘diffuse’’ in
the ‘‘blind’’ group compared with 12/176 in the ‘‘not blind’’
group, Table 2). This would be consistent with glaucoma
being a major contributor to corneal status in such children
rather than CYP1B1-related corneal clouding. Uncon-
trolled infantile glaucoma may result in stromal scarring
causing permanent opacity despite adequate glaucoma con-
trol. Although corneal clouding itself is recognized as a
cause of visual impairment from amblyopia in children
with PCG, children with more opaque corneas are likely
to have vision loss from advanced glaucomatous optic neu-
ropathy and amblyopia.25

In terms of practical application, the association of
corneal clouding with future blindness may influence man-
242 AMERICAN JOURNAL OF
agement of children with PCG in several ways. First, it
would be reasonable to assume that such children require
a low target IOP to preserve both residual optic nerve
and corneal clarity, and a lower threshold for operation
or reoperation in such children would be reasonable. Sec-
ondly, an aggressive regimen for amblyopia therapy in chil-
dren with corneal clouding, especially in children with
asymmetric clouding, should be employed. Lastly, early
psychological counseling, learning braille, and adoption
of suitable low vision aids for such children should be
considered to minimize the psychological burden of future
blindness.
In our study, the proportion of children who were blind

and blind in at least one eye after a mean follow-up nearly
9 years was relatively low (10.2% and 25.5%, respectively).
In a South Korean study, Suh and Kee17 found over half
(61%) of the patients with PCG ended with visual impair-
ment, despite having controlled IOP after surgical inter-
vention. In multivariate analysis of the association of
prognosis and other ocular factors, the number of surgical
interventions was weakly positively correlated with a
poor visual prognosis (Spearman’s correlation
APRIL 2021OPHTHALMOLOGY



TABLE 5. Multivariable Regression of Factors Associated
With Blindness in at Least One Eye

Covariate Odds Ratio 95% CI P

Age (y) 1.012 0.981-1.044 .449

Sex (male) 0.850 0.314-2.300 .749

Number of surgeries 0.977 0.240-3.983 .974

Corneal diameter 1.022 0.597-1.750 .937

Axial length 1.774 1.192-2.640 .005b

Severity of CC 8.549 4.265-17.134 <.001b

Location of CCa

Localized 0.778 0.139-4.354 .775

Diffuse 2.541 0.333-19.379 .368

DM Break

Central 0.520 0.102-2.650 .431

Peripheral 1.546 0.173-13.799 .696

Extensive 0.00 0.000 .999

CC¼ corneal clouding; CI¼ confidence interval; DM¼Desce-

met’s membrane.
aAbsence of corneal opacity is the reference category.
bSignificant at P < .05.
coefficient ¼ 0.31, P ¼ .004); we found no association be-
tween the number of procedures and visual outcome. In the
same study, involvement of both eyes, age at initial presen-
tation, sex, and IOP at initial presentation were not proven
to have an influence on the long-term visual outcome, a
finding that is comparable to our study.

In the original study by Barkan,25 the primary cause of
reduced vision in most cases in his study was corneal cloud-
ing followed by permanent scarring of the cornea, with
associated irregular astigmatism and ensuing amblyopia of
greater or less degree. Morin and Bryars7 found poor vision
in 41 of 76 eyes with PCG with glaucoma and media opac-
ity accounting for most of the impairment. Badeeb and as-
sociates26 found that 64% of children with congenital
glaucoma (primary and secondary) were legally blind and
the main cause of decreased vision was corneal scarring
and haze in 47%, amblyopia in 23%, and optic nerve atro-
phy in 21%. Amblyopia is an important and potentially
reversible cause of visual loss in children with PCG.6,27–
30 Although many have found corneal opacification to be
a cause of visual loss in children with PCG, the present
study provides a stronger association of corneal clouding
severity with blindness by relating baseline corneal
findings with subsequent blindness in a registry cohort of
children selected on the basis of diagnosis.

There are several limitations of this study. First, as the
proportion of children who were blind at follow-up was
relatively small, the power to find a difference between
the ‘‘blind’’ and ‘‘not blind’’ groups may have been limited.
Although this comparison is somewhat compensated by a
larger ‘‘not blind’’ population, parameters with significance
in the bivariate analysis but not multivariate analyses
VOL. 224 RISK FACTORS FOR BLINDNESS I
should not be excluded as possible risk factors for blindness.
In particular, horizontal corneal diameter (Tables 2 and 4)
and the presence of Descemet’s membrane breaks (Tables 2
and 4), which also relate to corneal signs of PCG, were not
significant in the multivariate analysis. Axial length also
showed some evidence of difference between groups for
the risk of ‘‘blindness in at least one eye’’ (Table 4). These
features are likely associated with more advanced congen-
ital glaucoma. Even though there were only 20 children
who were blind in both eyes, the severity of corneal cloud-
ing still proved to be highly significantly (P < .001,
Table 3) associated with blindness and blindness in at least
1 eye (P< .001, Table 5) in both bivariate andmultivariate
analyses.
In children with PCG, corneal clouding can be due to

corneal edema or scarring.We have not distinguished these
2 causes of corneal clouding. In our practice, we have found
it rare for significant corneal scarring to develop within the
first 3 months of birth. Children with PCG tend to have
thicker corneas than aged-similar controls,31 yet we did
not find an association of corneal thickness with blindness
in our cohort. Given that scarring tends to thin the cornea,
this may indicate that many children had a degree of
corneal scarring as well as edema. As a continuation of
this study, a detailed study of corneal morphology of chil-
dren with PCG with anterior segment ocular coherence to-
mography is worthwhile to further elucidate the precise
corneal morphologies that are more frequent in children
with PCG. A related limitation is that we did not perform
a detailed assessment of corneal grading at each visit after
the baseline. As such, our study cannot give conclusions
regarding children who had improvements in corneal
clouding but who still ended with blindness.
A second limitation is that as a tertiary care center, a few

children had treatment initiated elsewhere before present-
ing to our facility, so that baseline clinical features are
representative of those on referral rather than those at diag-
nosis. However, during this period the registry was initi-
ated, our institution was performing the vast majority of
procedures for PCG in the country and only a minority of
children had a procedure before presenting to us
(Table 1). Thirdly, some clinical features are dependent
on subjective evaluation. In this regard, assessment of
corneal clouding was based on clinical assessment and is
subject to a degree of observer variability. However, to
minimize this variability, we used an objective grading of
severity of corneal clouding.
Fourthly, we did not correlate genetic findings with clin-

ical outcome. An interesting finding from the current study
was the lack of association between family history or con-
sanguinity with the risk of blindness. Nearly all the PCG
in Saudi Arabia is related to mutations of the CYP1B1
gene,32,33 with various mutations having been described33

and variable genotype-phenotype correlation of this gene
reported.34 Given that CYP1B1 has autosomal inheritance
and also that CYP1B1 has been implicated in more severe
243N CONGENITAL GLAUCOMA



phenotypes,34–36 we may have expected to find an
association between family history and the risk of
blindness. One possible explanation for this finding is
that the incidence of CYP1B1 is relatively high,
accounting for 90% of cases in the Saudi population of
PCG anyway,32 so there was no apparent difference of
this gene (and family history) in the ‘‘blind’’ and ‘‘not blind’’
children with PCG in our study. A follow-on study that
specifically examined the relationship between specific
types of CYP1B1 mutation and phenotype correlation
would be insightful in this regard.

Lastly, the findings of this study are specific to the popu-
lation studied, that is, children with PCG in Saudi Arabia.
The findings are likely to be applicable across the Middle
244 AMERICAN JOURNAL OF
East and South Asia, where the disease genotype is
similar,26,37–39 but may not be applicable to the Western
populations, where PCG tends to be less frequent and a
sporadic disease.
In conclusion, we found that corneal clouding at base-

line is a predictor of future blindness in children with
PCG. This finding may support the need for lower target
IOPs in children with PCG who present with severe
corneal clouding and also may allow for earlier counseling
for such patients. Further work is needed to study the rela-
tive contributions of glaucoma and CYP1B1-related
corneal clouding in corneal disease in these children and
to evaluate the corneal clouding as a risk factor for blind-
ness in other populations.
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