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Abstract

Purpose To correlate the features of certain types of
infantile glaucoma with the progression and the
prognosis of the disease, highlighting probable risk
factors.

Methods Seventy-six patients with pediatric glau-
coma were recruited in this retrospective study. All
patients underwent ophthalmological examination in
the Department of Ophthalmology of the Saarland
University Medical Center from January 2001 to
December 2012. Our pediatric patients were classified
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into four different categories of glaucoma: (1) primary
congenital glaucoma (presenting buphthalmus), (2)
aniridia-related glaucoma, (3) Peters/Rieger’s anom-
aly-related glaucoma and (4) congenital cataract-
related glaucoma. Personal data comprised age, sex,
nationality, systemic diseases and gestational age. The
best-corrected visual acuity (BCVA), the cup—disk
ratio (CDR), the intraocular pressure (IOP), the
corneal diameter and thickness, along with the Haab
striae and corneal haze, were recorded.

Results The majority of the children were male
(58%) and suffered from aniridia-related glaucoma
(38%). Children with aniridia exhibited the worst
BCVA. The CDR and IOP were significantly higher in
children with primary congenital glaucoma, compared
to the other groups, at the first visit. Those children
also were with the largest corneal diameter and
prevalence of Haab striae compared to the rest groups,
whereas corneal haze was found more often and was
more pronounced in children with Peters/Rieger’s
syndrome.

Conclusions We concluded that glaucoma was ear-
lier detected in children with primary congenital
glaucoma, who exhibited increased corneal diameter
and high percentage of Haab striae comparing to the
other groups. However, these children responded
successfully to any therapeutic intervention, exhibit-
ing better BCVA and IOP values than the rest groups
at the second visit.
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Introduction

Glaucoma is the second leading cause of vision loss
around the world. The percentage of blind children
with glaucoma ranges from 1.2% in Great Britain, 3%
in northern India to 7% in southern India [1-3]. In
Toronto of Canada, congenital glaucoma was found to
be the most common type (38% of all patients),
followed by aphakic glaucoma (20%) and Sturge-
Weber syndrome-associated glaucoma (10%) [4]. A
recent population-based study in Olmstead County
(MN, USA) estimated that the incidence of childhood
glaucoma (including patients under 20 years old) was
2.29 out of 100,000 residents [5]. In Tongren Hospital
in Beijing (Republic of China), 1.055 patients with
pediatric glaucoma were seen from 2002 to 2008.
Congenital glaucoma was the most common type seen
in 46% of the patients, followed by traumatic (12%)
and aphakic glaucoma (9%) [6].

Congenital glaucoma forms a heterogeneous group
of diseases, leading to optic neuropathy and visual
field changes. It can be categorized into primary,
secondary, being related to other pathologies (cataract,
aniridia, Peters’ anomaly, Axenfeld—Rieger anomaly,
trauma or uveitis) and acquired subtypes [7-9]. The
dysgenesis of trabecular meshwork seems to be
responsible for the elevated resistance to aqueous
humor outflow and the subsequent increase in intraoc-
ular pressure. This dysgenesis has been associated
with the migration of the cells of the neural crest to the
iridocorneal angle, during the embryonic and fetal
development of the eye. The correct morphogenesis of
trabecular pathways requires the differentiation of the
cells to a porous and lamellate meshwork, as well as
the ingrowth of Schlemm’s canal and the posterior
movement of the iris root. The primary congenital or
infantile glaucoma is usually sporadic, whereas
hereditary cases are often caused by mutations in the
CYPIB1 gene, which encodes for the enzyme
cytochrome P450 1B1. Mutations in the latent trans-
forming growth factor beta binding protein 2 (LTBP2)
or in the transcription factor FOXC1 have been rarely
implicated in primary congenital glaucoma [10]. The
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diagnosis of glaucoma is based on tonometry com-
bined with corneal pachymetry, fundoscopy and
gonioscopy, especially in cases of secondary glau-
coma [7].

The aim of this study is to correlate the features of
the pediatric glaucoma with the progression and the
prognosis of the disease. This correlation could reveal
some risk factors, which contribute to the development
of pediatric glaucoma.

Patients and methods
Study design

This is retrospective study, regarding patients of
Homburger visual school, who underwent ophthalmo-
logical examination in the Department of Ophthal-
mology of the Saarland University Medical Center
during the period 2001-2012. The diagnosis of
infantile glaucoma was made from 1992 to 2011,
based on elevated intraocular pressure (over
21 mmHg), central corneal thickness and increased
cup—disk ratio (CDR).

The purpose of this retrospective study was to
evaluate visual acuity, ocular findings, including
intraocular pressure and cup—disk ratio, as well as
ocular and systemic comorbidities in children with
various types of infantile glaucoma. These results
could draw conclusions, capable of predicting the
progression of the disease.

Patient population

The patients were classified into four groups according
to the etiology/type of the glaucoma, as follows: the
first group included patients with primary congenital
glaucoma (buphthalmus), and the second group
involved patients with aniridia-related glaucoma,
whereas the third and fourth group recruited patients
with Peters/Rieger’s anomaly-related and congenital
cataract-related glaucoma, respectively. Only the
affected eye was included in the study, except for
children with bilateral involvement, where both eyes
were included. Patients with glaucoma secondary to
trauma or uveitis and patients presenting more than
one subtypes of glaucoma were excluded from the
study.
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Data collection

Personal data comprised age, sex, nationality, sys-
temic diseases and gestational age. The ocular history
included questions regarding congenital cataract,
Rieger and Peters’ anomaly, buphthalmus and anir-
idia. The slit lamp findings provided information about
Haab striae and corneal opacity. Measurements of
corneal diameter and thickness were also performed.
Intraocular pressure (IOP) was calculated for the
evaluation of glaucoma at presentation, and the type of
measurement (Goldmann, iCare, etc.) was recorded.
The best-corrected visual acuity (BCVA), objective
refraction and the cup—disk ratio (CDR) were evalu-
ated. BCVA, CDR and IOP were recorded twice, at
first and last visit of the patients. All the ophthalmo-
logical examinations were conducted in the Depart-
ment of Ophthalmology of Saarland University
Medical Center (Homburg, Saar, Germany). The
anti-glaucomatous medication and its modifications
were also noted.

Statistical analysis

All data were entered into a Microsoft Excel sheet and
were analyzed, using the statistical program IBM
SPSS Statistics 22.0. Descriptive analysis of all
parameters, including the age, the gender, the nation-
ality, the prematurity, BCVA, CDR, IOP and the slit
lamp findings (corneal diameter and thickness, Haab
striae and corneal opacity) were first carried out.
Nonparametric analysis Kolmogorov—Smirnov was
used to check the distribution of the variables.
Statistical hypothesis was performed to verify any
statistical differences.

The possible differences in the prevalence of Haab
striae and corneal haze among the four groups were
estimated using the Chi-squared test. The nonpara-
metric Wilcoxon matched-pairs signed-rank test was
used to calculate the significance of differences in
BCVA, CDR and IOP, between 1st and 12th (last visit)
values, within each group. Independent samples t tests
and Mann—Whitney tests were applied to identify the
possible differences in BCVA, CDR and IOP among
the four groups. Mann—Whitney test was used when
neither Kolmogorov—Smirnov analysis nor Levene’s
test for equality of variances indicated the normal
distribution of the variables. A p value less than 0.05
was considered to indicate statistical significance.

Results
Demographics—personal data

Seventy-six patients were recruited in this study,
including 13 children with primary congenital glau-
coma (presenting buphthalmus), 29 with aniridia-
related glaucoma, 19 children with Peters/Rieger’s
anomaly-related glaucoma and 15 with congenital
cataract-related glaucoma. Males (58%, 44) predom-
inated over females (42%, 32). In fact, there were 7
males and 6 females in primary congenital glaucoma
group, while the group of aniridia included 16 males
and 13 females. Ten males and 9 females consisted in
the group of Peters/Rieger’s syndrome, whereas the
group of congenital cataract included 11 males and 4
females. The age of the patients at the time of
diagnosis was 11, 117, 73 and 36 months in primary
congenital glaucoma, aniridia, Peters/Rieger’s syn-
drome and congenital cataract groups, respectively.

Germans outnumbered among participants, who
also came from Albany, USA, France, Italy, Luxem-
bourg, Poland and Turkey (Fig. 1). Nineteen (19%)
children among participants were premature at birth
time. The percentages of premature children were 15,
10, 32 and 21% in primary congenital glaucoma,
aniridia, Peters/Rieger’s syndrome and congenital
cataract groups, respectively.

Slit lamp findings and visual acuity

BCVA at the first visit was 0.3, 0.2, 0.3 and 0.3
decimal in primary congenital glaucoma, aniridia,
Peters/Rieger’s syndrome and congenital cataract
groups, respectively. The correspondent values at the
second visit were recorded as follows: 0.5, 0.2, 0.2 and
0.4 decimals, respectively. The BCVA exhibited
statistically significant increase between the two visits
within primary congenital glaucoma group (Wilcoxon
test, p = 0.021), whereas the changes were not
significant within the other three groups (Wilcoxon
test, aniridia group p = 0.269, Peters/Rieger’s syn-
drome group p = 0.211, congenital cataract group
p = 0.833). Evaluating the differences in BCVA
among the four groups, we noted that BCVA at the
second visit was better in patients with primary
congenital glaucoma comparing to aniridia and
Peters/Rieger’s syndrome groups (Mann—Whitney
test, p <0.001 and p = 0.001, respectively).
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Fig. 1 The distribution of
nationalities among four
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Furthermore, patients with aniridia exhibited lower
BCVA at first and second visits, being compared to
patients with congenital cataract (Mann—Whitney test,
Ist visit p = 0.027, 2nd visit p = 0.002).

CDR at the first visit was 0.5, 0.2, 0.4 and 0.2 in
primary congenital glaucoma, aniridia, Peters/Rie-
ger’s syndrome and congenital cataract groups,
respectively. The correspondent values at the second
visit were recorded as follows: 0.3, 0.3, 0.3 and 0.4
decimals. The increase in CDR observed at the second
visit was significant in aniridia group (Wilcoxon test,
p = 0.029), whereas no statistically significant
changes were found in the CDR of the other groups.
On the other hand, significant higher CDR was noted
in primary congenital glaucoma group compared to
aniridia one at the first visit (Mann—Whitney test,
p = 0.013). Moreover, the alteration of CDR at the
second visit was estimated to be significant both
between the abovementioned groups (Mann—Whitney
test, p = 0.030), as well as between primary congen-
ital glaucoma and congenital cataract groups (Mann—
Whitney test, p = 0.006). Similarly, significant dif-
ference was observed in the fluctuations of CDR
between patients Peters/Rieger’s syndrome and con-
genital cataract (Mann—Whitney test, p = 0.043).

Corneal diameter was 12.6 &+ 1.4, 104 £ 2.2,
10.5 &+ 1.4 and 9.7 £ 1.7 mm in primary congenital
glaucoma, aniridia, Peters/Rieger’s syndrome and
congenital cataract groups, respectively. Corneal
thickness was as follows: 609.9 + 52.8 pm in primary
congenital glaucoma group, 669.1 £ 146.0 um in
aniridia group, 655.4 + 148.5 pum in Peters/Rieger’s
syndrome group and 584.0 & 69.2 um in congenital
cataract group. The distribution of corneal diameter
and thickness among participants for the right and left
eye is presented in Figs. 2 and 3.

@ Springer

The differences in corneal diameter of both eyes
exhibit statistical significant differences between pri-
mary congenital glaucoma and both Peters/Rieger’s
syndrome (Mann—Whitney test, p = 0.004) and con-
genital cataract (Mann—Whitney test, p = 0.037)
groups. Corneal diameter was found significant higher
in patients with primary congenital glaucoma com-
pared to those with aniridia, Peters/Rieger’s syndrome
and congenital cataract (Mann—Whitney test,
p = 0.001, p <0.001 and p < 0.001, respectively).
No statistically significant differences in corneal
thickness were found among the four groups.

Seventy (92%) children appeared no Haab striae
during the slit lamp examination. The distribution of
Haab striae among the rest children was as follows: 3
(4%) children exhibited Haab striae at the right eye
and 2 (3%) at the left one, and 1 child (1%) was found
to have Haab striae at both eyes. No Haab striae were
detected in aniridia and Peters/Rieger’s syndrome
groups, while the percentages of Haab striae in the rest
groups are depicted in Fig. 4. Corneal haze was found
in 29% of children, including 3 (4%) children with
corneal haze at the right eye, 2 (3%) with corneal haze
at the left eye and 1 (1%) child exhibiting corneal haze
at both eyes. The distribution of cornel haze among
four groups is presented in Figs. 5 and 6.

The differences in prevalence of Haab striae
between primary congenital glaucoma and both
aniridia (p < 0.001) and Peters/Rieger’s syndrome
(» = 0.004) groups were statistically significant,
given that no Haab striae were detected in children
with aniridia or Peters/Rieger’s anomaly. Significant
differences in prevalence of Haab striae were also
detected between children with primary congenital
glaucoma and congenital cataract (p = 0.037). Statis-
tically significant differences were also found in
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Fig. 2 The distribution of
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Fig. 4 The distribution of
Haab striae in primary
congenital glaucoma and
congenital cataract groups
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Fig. 5 The distribution of
corneal haze in primary
congenital glaucoma and
aniridia-related glaucoma
groups

Comeal haze distribution in bupthalmus group.

Fig. 6 The distribution of
corneal haze in Peters/
Rieger’s syndrome and
congenital cataract groups

5%

Corneal haze distribution in Peter's/Rieger syndrome group.

prevalence of corneal haze between Peters/Rieger’s
syndrome and both primary congenital glaucoma
(p = 0.013) and aniridia (p = 0.026) groups. Simi-
larly significant differences in corneal haze were
found between Peters/Rieger’s syndrome and congen-
ital cataract group (p = 0.010).

IOP management

The patients’ IOP at the first visit was found to be 21.5,
19.2, 19.7 and 17.1 mm Hg in primary congenital
glaucoma, aniridia, Peters/Rieger’s syndrome and
congenital cataract groups, respectively. The IOP at
the last visit was 14.9, 18.5, 17.1 and 16.9 mmHg in
primary congenital glaucoma, aniridia, Peters/Rie-
ger’s syndrome and congenital cataract groups,
respectively. Although IOP was decreased in all
groups by the time of the last visit, a statistically
significant reduction was only noted in buphthalmus
group (Wilcoxon test, p = 0.003). The IOP in primary
congenital glaucoma and congenital cataract group
exhibited statistically significant difference both at
first and last visit (Mann—Whitney test, p = 0.040 and
p = 0.013, respectively). The decrease in IOP, which
was recorded at the second visit, was also differed
significantly in these groups (Mann—Whitney test,
p = 0.013). Significant differences in IOP were also
found between primary congenital glaucoma and
aniridia groups at the last visit of the patients Mann—
Whitney test, p = 0.007 and p = 0.005, respectively).

Goniotomy, trabeculectomy, cyclophotocoagula-
tion and Ahmed valve implantation were performed
to reduce IOP. All patients with primary congenital
glaucoma underwent anti-glaucomatous surgeries,
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including goniotomy in 1 patient, trabeculectomy in
7 patients, cyclophotocoagulation in 3 patients and
Ahmed valve implantation in 2 patients. In aniridia
group, goniotomy, trabeculectomy, cyclophotocoagu-
lation and Ahmed valve implantation were performed
in 1, 4, 15 and 5 patients, respectively. Only seven
patients in Peters/Rieger’s syndrome group underwent
surgical interventions, including trabeculectomy in 2
patients, cyclophotocoagulation in 3 patients and
Ahmed valve implantation in 2 patients. Similarly,
no goniotomy was carried out in congenital cataract
group, where trabeculectomy, cyclophotocoagulation
and Ahmed valve implantation were performed in 1, 7
and 3 patients, respectively. Details about surgical
interventions in each group are displayed in Table 1.

Ten patients with buphthalmus received medical
treatment at the presentation, whereas this number was
declined in 4 patients at the latest follow-up. In
aniridia group, 25 patients were under anti-glaucoma-
tous drops at presentation, while 12 patients kept the
medication at the latest follow-up. Seven patients with
Peters/Rieger’s syndrome received anti-glaucomatous
medication at presentation, but only 2 patients main-
tained the treatment at the latest follow-up. All
patients with congenital cataract group were under
anti-glaucomatous drops at presentation, but this
number was reduced in 11 patients at the latest
follow-up. The medical treatment used in presentation
and at the latest follow-up in primary congenital
glaucoma, aniridia, Peters/Rieger’s syndrome and
congenital cataract groups is presented in Tables 2,
3,4 and 5.
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Table 1 Type and number of surgeries in different glaucoma groups

Group Goniotomy

Trabeculectomy

Cyclophotocoagulation

Ahmed valve implantation

Primary congenital glaucoma
Patients () 1
Surgeries in right eye (V)

Surgery -

Surgeries 1

Surgeries -

Surgeries -
Surgeries in left eye (N)

Surgery

Surgeries

Surgeries

Surgeries
Aniridia-related glaucoma
Patients (V) 1
Surgeries in right eye (V)

Surgery 1

Surgeries -

Surgeries -

Surgeries -
Surgeries in left eye (N)

Surgery

Surgeries

Surgeries

Surgeries

Peters/Rieger’s anomaly-related glaucoma

Patients (V) -
Surgeries in right eye (V)
Surgery
Surgeries
Surgeries
Surgeries
Surgeries in left eye (N)
Surgery
Surgeries
Surgeries
Surgeries
Congenital cataract-related glaucoma
Patients (V) -
Surgeries in right eye (V)
Surgery
Surgeries
Surgeries
Surgeries
Surgeries in left eye (N)
Surgery

w oo W

RSO N
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Table 1 continued

Group Goniotomy Trabeculectomy Cyclophotocoagulation Ahmed valve implantation
Surgeries 1 1 -
Surgeries - - -
Surgeries - - _

Table 2 Medical treatment in primary congenital glaucoma group

Substance Drops/day Patients (N)
Medical treatment at presentation
Monotherapy Carboanhydrase inhibitors 2-3 3
B-blocker 2 1
2-Medication B-Blocker + carboanhydrase inhibitors 2 1
Carboanhydrase inhibitors, prostaglandins 2 1
3-Medication Carboanhydrase inhibitors, B-blocker, a-receptor agonists 2,2, 3 2
B-Blocker + carboanhydrase inhibitors, o-receptor agonists 2,2 2
Medical treatment at latest follow-up
Monotherapy Prostaglandins 1
2-Medication B-Blocker + carboanhydrase inhibitors 2 1
3-Medication B-Blocker + carboanhydrase inhibitors, prostaglandins 2,1 1
Parasympathomimetics, carboanhydrase inhibitors, prostaglandins 3,2, 1 1
Table 3 Medical treatment in aniridia-related glaucoma group
Substance Drops/day Patients
Medical treatment at presentation
Monotherapy Carboanhydrase inhibitors 2 7
Prostaglandins 1
2-Medication B-Blocker + carboanhydrase inhibitors 2 12
3-Medication B-Blocker + carboanhydrase inhibitors, prostaglandins 2-3, 12 2
Carboanhydrase inhibitors, $-Blocker, prostaglandins 2,2,2 1
Medical treatment at latest follow-up
Monotherapy Carboanhydrase inhibitors 2-3 2
2-Medication B-Blocker + carboanhydrase inhibitors 1 2
Carboanhydrase inhibitors, o-receptor agonists 2,2 1
Carboanhydrase inhibitors, prostaglandins 2,1 1
3-Medication B-Blocker + carboanhydrase inhibitors, o-receptor agonists 2,3 1
B-Blocker + a-receptor agonists, prostaglandins 2,1 1
Carboanhydrase inhibitors, B-blocker, prostaglandins 2,2,2 1
B-Blocker + carboanhydrase inhibitors, prostaglandins 2,1 3
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Table 4 Medical treatment
in Peters/Rieger’s anomaly-

Substance

Drops/day Patients

related glaucoma group

Medical treatment at presentation

Monotherapy Carboanhydrase inhibitors 2 2
B-blocker 2 1
2-Medication Carboanhydrase inhibitors, o-receptor agonists 2,2 1
B-Blocker + carboanhydrase inhibitors 2 1
3-Medication B-Blocker, carboanhydrase inhibitors, a-receptor agonists 2, 2, 3 2
Medical treatment at last follow-up
Monotherapy —
2-Medication o-Receptor agonists, prostaglandins 2,1 1
3-Medication B-Blocker + carboanhydrase inhibitors, prostaglandins , 1 1
Table 5 Medical treatment in congenital cataract-related glaucoma group
Substance Drops/day Patients
Medical treatment at presentation
Monotherapy Carboanhydrase inhibitors 2-3 5
2-Medication B-Blocker + carbonic anhydrase inhibitors 2 2
3-Medication B-Blocker + a-receptor agonists, carbonic anhydrase inhibitors 2,2 1
B-Blocker + carbonic anhydrase inhibitors, prostaglandins 2,2,1 2
B-Blocker, carboanhydrase inhibitors, a-receptor agonists 2,2,3 1
B-Blocker + carbonic anhydrase inhibitors, o-receptor agonists 2,2 1
4-medication B-Blocker + carbonic anhydrase inhibitors, a-receptor agonists, prostaglandins 3,2,3 2
B-Blocker + prostaglandins, o-receptor agonists, carbonic anhydrase inhibitors 2,3,3 1
Medical treatment at latest follow-up
Monotherapy Carbonic anhydrase inhibitors 2-3 4
2-Medication B-Blocker + carbonic anhydrase inhibitors 2 2
o-Receptor agonists, prostaglandins 2,1 1
3-Medication B-Blocker + carbonic anhydrase inhibitors, prostaglandins 2,1 2
4-Medication B-Blocker + carbonic anhydrase inhibitors, a-receptor agonists, prostaglandins 2,3,1 1
B-Blocker + prostaglandins, carbonic anhydrase inhibitors, o-receptor agonists 2,3,3 1

Systemic diseases and chromosomal abnormalities

The systemic diseases and chromosomal abnormali-
ties recorded in the four groups of children with
glaucoma are presented in Table 6.

Primary congenital glaucoma (Buphthalmus)

Children recruited in this group had already glaucoma
at the time of birth, or the disease was developed
during the first months of their life, without exhibiting
ocular comorbidities. A small percentage of these

children suffered from specials syndromes (Stickler
syndrome type 2 and Marc Hall syndrome, Sturge—
Weber—Krabbe, pontocerebellar hypoplasia syn-
drome, type PCH3 with optic atrophy). Some patients
suffered also from a systemic disease, including
idiopathic juvenile arthritis, asthma and epilepsy.

Aniridia-related glaucoma
A group of children with congenital aniridia also

suffered from genetically assured WAGR syndrome
(Willms tumor, Aniridia, Genitourinary
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Table 6 The systemic diseases and chromosomal abnormalities observed in four groups

Primary congenital glaucoma
Asthma
Epilepsy (single attack)
Juvenile idiopathic arthritis (serology negative, ANA [antinuclear antibodies) positive], chronic iridocyclitis
Pontocerebellar hypoplasia type PCH3 (with optic atrophy)
Stickler-type 2 syndrome, Marshall syndrome
Sturge—Weber—Krabbe syndrome
Aniridia-related glaucoma
Obesity
Epilepsy
Heart failure
Hypothyroidism, eczema, allergy to penicillin
Clubfeet
Speech delay
Autosomal dominant aniridia syndrome
Autosomal dominant aniridia syndrome (deletion), pollen allergy

Autosomal dominant aniridia syndrome, WAGR syndrome (deletion of the short arm of chromosome 11p13 of genes ELP4, PAX6,
WT1)

Autosomal dominant aniridia syndrome, delayed development
Autosomal dominant aniridia syndrome, microcephaly, dysplasia (no chromosomal aberration found)
Microdeletion 11p13c (PAX6 gene)
WAGR syndrome
Marinesco—Sjogren syndrome, M. Perthes
Oculocutaneous albinism, disomy Regional 11pter, tumor in adrenal gland
Peters/Rieger’s syndrome-related glaucoma
Achondroplasia, seborrheic eczema
Facial asymmetry
Facial deformity, phocomelia
General developmental retardation, Balken dystrophy with cerebellum atrophy
Axenfeld-Rieger syndrome (micrognathia, tall stature, microdontia, hypodontia)
Hallermann—Streiff syndrome
Hydrocephalus, motor retardation
Peters-Plus syndrome (clubfeet, psychomotor retardation)
Cardiomyopathy, ventricular septal defect, atrioventricular block III, pacemaker
Twin, premature birth
Congenital cataract-related glaucoma
Galactosemia
Partial galactose epimerase deficiency, fructose malabsorption, obesity (without endocrinological cause)
Autosomal dominant aniridia syndrome, microcephaly (without chromosomal aberration), hip dysplasia
Haller-Streiff syndrome
Lowe syndrome
Marinesco—Sjogren syndrome, M. Perthes
MDVI (multiply disabled visual impair); ANC syndrome with clubfoot
Oculocutaneous albinism
Trisomy 21, hypothyroidism
Trisomy 21, ventricular septal defects

Heart failure
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abnormalities, mental retardation). Several comor-
bidities were also detected, including microcephaly
and hip dysplasia, heart failure, hypothyroidism and
eczema, obesity, clubfoot, language impairment,
Marinesco—Sjogren syndrome and Perthes disease,
epilepsy, and oculocutaneous albinism.

Peter’s anomaly/Rieger syndrome-related glaucoma

Axenfeld—Rieger syndrome (maxillary hypoplasia,
microdontia, hypodontia, congenital hip dislocation)
coexisted with Peters-plus syndrome (short-limbed
dwarfism, cleft lip/palate and learning difficulties) in
several cases. The comorbidities which were observed
included achondroplasia and seborrheic eczema,
phokomelie and deformity of the face, hydrocephalus
and mental retard, Haller—Streiff syndrome, facial
asymmetry, cardiomyopathy with ventricular septal
defect, atrioventricular block IIl with pacemaker,
developmental delay and Balken dystrophy with
cerebellar vermis atrophy (genetic investigation was
initiated). Congenital cataract was also diagnosed in
these children.

Congenital cataract-related glaucoma

This is a group of patients who underwent surgery for
congenital cataract and experienced glaucoma symp-
toms in the later stages. The refractive errors were
corrected with contact lenses, intraocular lenses or
glasses. Other comorbidities included multiply dis-
abled visual impaired (MDVI), ANC syndrome and
clubfoot, Haller—Streiff syndrome, attention deficit
hyperactivity disorder (ADHD), galactose epimerase
deficiency, fructose malabsorption, obesity (without
endocrine cause), Lowe syndrome, Trisomy 21, ocu-
locutaneous albinism and galactosemia.

Multiple ocular abnormalities

Some children could not be clearly classified into a
group due to coexisting malformations. In these cases
aniridia was combined with congenital cataract or an
anterior chamber disorder and cataract or buphthal-
mus. For statistical reasons, one primary diagnosis was
chosen and these patients were classified into the
above four groups with respect to their age and sex.

Discussion

There are few studies dealing with pediatric glaucoma,
including usually a small number of children. In our
study, the male gender predominated in the general
population and in all subgroups of pediatric glaucoma.
Although there are few studies about gender distribu-
tion in the literature so far, our results are in
compliance with other studies. Tatham et al. [11]
studied the incidence of glaucoma in children under-
going cataract surgery, recruiting 38 boys and 36 girls.
Aponte et al. [5] investigated the incidence and
clinical characteristics of childhood glaucoma, finally
including 16 boys and 14 girls. Twice as many boys as
girls participated in the study of MacKinnon, which
assessed the efficacy of timolol in pediatric glaucoma
[12]. 57% of patients with aniridia were men in the
study of Eden [13]. No X-chromosomal glaucoma
genes have been found to explain the numerical
advantage of male gender in glaucoma patients.

We noted that glaucoma was detected early in
children with primary congenital glaucoma (average
age 11 months) compared to the rest groups with other
ocular abnormalities (average age 117 months in
aniridia group, 73 months in Peters/Rieger’s anomaly
group and 36 months in congenital cataract group).
Cramer et al. observed that the relative frequency of
patients’ age, recorded in aniridia group at time of
glaucoma diagnosis, was as follows: 15% from birth to
9 years, 15% 10-19 years, 15% 20-29 years, 15%
30-39 years, 35% 40-49 and 5% 50-59 years [14].
According to Bussieres and colleagues, the mean age
at the time of diagnosis of pediatric glaucoma
diagnosis was 5.7 years old [15]. In our study the rate
of premature births in the total population was 18.7%,
reaching up to 32 and 21% in children with Peters/
Rieger’s anomaly and congenital cataract, respec-
tively. The prevalence of prematurity in primary
congenital glaucoma and aniridia groups was esti-
mated to be 15 and 10%, respectively. Similar
reference in the literature has been made by Tonoki
etal. [16]. Although 82% of affected children are born
with glaucoma, control studies on premature infants
could possibly eliminate the development of
glaucoma.

Haab striae occur most frequently in children with
congenital glaucoma, an observation which are con-
firmed by our study (38% in buphthalmus group). We
also noted that 7% of children with congenital cataract
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had Haab striae, whereas the latter were not noted
among the rest children. Mendes et al. noted that the
mean corneal diameter was significantly higher in
children with buphthalmus (11-15.5 mm, mean
14.13 mm, SD 1.28) compared to control group
(11.5-12.5 mm, mean 12.01, SD 0.09). The same
study group observed that the mean central corneal
thickness was decreased in patients with congenital
glaucoma and Haab striae (539 + 46 pm) compared
to glaucomatous children without Haab striae
(571 £ 56 yum) and to healthy individuals
(559 £ 28 um). However, the differences in corneal
thickness among the three groups were not statistically
significant [17]. The corneal diameter of both eyes was
11 mm in our study. Moreover, children with primary
congenital glaucoma had the largest values, account-
ing for 12.5 mm in the right and 12.75 mm in the left
eye. On the other hand, children with congenital
cataract had the smallest corneal diameter both in the
right (9.5 mm) and left eye (9.63 mm). The values of
corneal diameter in aniridia and Peters/Rieger’s
anomaly groups were 11.5 and 10.5 mm for the right
eye and 11.0 and 11.0 mm for the left eye,
respectively.

Values of the central corneal thickness in the right
and left eye were noted to be 605.5 and 621.5 nm,
respectively. In primary congenital glaucoma (right
eye: 599.0 nm and left eye: 642 nm) and cataract
(right eye: 597.0 nm and left eye: 596.0 nm) groups,
the corresponding values of corneal thickness were
slightly lower. Another study revealed that patients
with primary congenital glaucoma exhibited corneal
thickness of 534 + 72.3 um (extreme values
430-610 um) [18]. In this study, the thickest corneas
were found in aniridia group (right eye: 631.5 pm, left
eye 629.0 um). Lopez et al. [19] reported that patients
with aniridia had corneal thickness 639 pm, whereas
Lee et al. [20] measured thicker corneas (by 100 pm)
in similar groups. The Peters/Rieger’s anomaly group
behaved like aniridia one, exhibiting slightly lower
values (right eye: 588.5 pm, left eye 591.0 pm).

Corneal opacities appeared most frequently in
children with Peters/Rieger’s anomaly (58%), fol-
lowed by aniridia patients (24%), in our study.
Furthermore, we noticed that in primary congenital
glaucoma, the one eye was always affected (total
16%), while in the congenital cataract group, only
13% of the children had corneal opacities. Khan
revealed that corneal opacities may also occur along
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with congenital glaucoma in children with anterior
chamber anomalies. Nevertheless, these features are
not specific for glaucoma [21]. Corneal haze was
detected with variable prevalence in 67 patients with
aniridia and buphthalmus from Saudi Arabia [22].

Systemic diseases were observed in all groups
(Table 6). The relationship of Sturge-Weber syn-
drome with glaucoma has already been shown in the
literature. It has been estimated that 30% of patients
with Sturge-Weber syndrome are diagnosed with
glaucoma; 60% of the latter develop the disease before
the second year of life [23]. One case was only
detected in our patient sample. Furthermore, one
patient with Lowe syndrome was diagnosed. Usually,
50% of patients with Lowe syndrome suffer from
glaucoma, which is either congenital or developed
within the first year of life [24]. Glaucoma related to
Haller-Streiff syndrome can be a consequence of
dysgenesis of iridocorneal angle [25].

Patients with Stickler syndrome are usually intro-
duced with the autosomal dominant type 1 at ophthal-
mologists, whereas Type 3 exhibits no abnormalities
in the eyes. Types 1 and 2 have a high risk of
developing cataract and glaucoma, along with retinal
detachment in 50% of the cases [26]. 20% (14-27%)
of patients with juvenile idiopathic arthritis also
develop uveitic glaucoma subsequent to uveitis or
steroid treatment [27, 28]. Pontocerebellar hypoplasia
(PCH) type 3, in contrast to type 1 and 2, has been
associated with ophthalmologic abnormalities, such as
optic atrophy, glaucoma and megalocornea [29]. Only
one case report of hydrocephalus associated with
congenital glaucoma has mentioned in the literature
[30]. In a Croatian study, recruiting 153 children with
trisomy 21 (Down syndrome), the incidence of various
ophthalmic diseases was determined as follows:
98.5% refractive errors, 1.3% cataracts and 1.9%
glaucoma [31]. Although no further cases of phoko-
melia, achondroplasia and glaucoma have been
described in the literature, we detected a mother and
his son with aniridia. Galactosemia has been men-
tioned in the literature only in the context of Lowe
syndrome. Fructose malabsorption has not been asso-
ciated with glaucoma in the literature. Seborrheic and
atopic eczema have been only referred as atopic
reaction subsequently to anti-glaucoma medication
[32].

In our study, although the highest values of IOP at
the first visit were measured in children with primary
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congenital glaucoma, these values were significantly
reduced only in this group at the second visit (14.9
from 21.5 mmHg, p = 0.003). Bussiere et al. [15]
supported that the mean IOP calculated in children
with glaucoma at the time of diagnosis was
29.1 mmHg. Another study in Ethiopia estimated that
the average initial IOP was 54 £+ 2 mmHg and
reduced by 43% after surgical intervention [33]. We
found that the CDR at the first visit was 0.5, 0.2, 0.4
and 0.2 in primary congenital glaucoma, aniridia,
Peters/Rieger’s syndrome and congenital cataract
groups, respectively, whereas the correspondent val-
ues at the second visit were recorded as follows; 0.3,
0.3, 0.3 and 0.4 decimals. CDR in our study was 0.3 at
both visits, whereas Bussiere et al. [15] measured an
average value of 0.5 at the time of diagnosis. Although
the CDR at the first visit was significantly elevated in
children with primary congenital glaucoma compared
to the other groups, the subsequent decrease at the
second visit was also significant in our study. The
buphthalmus study group reported that the CDR was
ranged between 0.3 and 0.8, exhibiting an average of
0.6 [34].

On the other hand, in our study children with
aniridia exhibited the worst visual acuity (0.2 decimals
at both visits) compared to primary congenital glau-
coma (0.3 and 0.5 decimal at 1st and 2nd visits,
respectively), Peters/Rieger’s syndrome (0.3 and 0.2
decimal at 1Ist and 2nd visits, respectively) and
congenital cataract groups (0.3 and 0.4 decimal at
Ist and 2nd visits, respectively). Evaluating the
differences in BCVA among the four groups, we
noted that BCVA measured at the second visit was
better in patients with primary congenital glaucoma,
being compared to aniridia and Peters/Rieger’s syn-
drome group (Mann—Whitney test, p < 0.001 and
p = 0.001, respectively). The BCVA was 0.3 deci-
mals at both visits in our study, whereas Beck
estimated that 30-50% of children with sec-
ondary glaucomas have visual acuity of 20/50 or
better [35]. In the study of Gramer et al. [14], 60% of
the recruited children appeared a visual acuity of
20/100 or worse.

In this study we investigated the features of various
types of pediatric glaucoma, looking for possible risk
factors, which should worsen the course of the disease
and lead to faster progression. Systemic diseases were
found to be related to glaucoma development,
although they were detected more often in children

with aniridia. We observed that patients with glau-
coma due to aniridia prevailed over the other groups,
followed by children with Peters/Rieger’s syndrome
and congenital cataract. The earliest diagnosis of
glaucoma was observed in children with primary
congenital glaucoma (11 months), whereas the dis-
ease was developed later in children with aniridia
(117 months). Furthermore, the values of corneal
diameter were found significant higher in patients with
primary congenital glaucoma compared to aniridia,
Peters/Rieger’s syndrome and congenital cataract
groups, whereas no statistically significant differences
in central corneal thickness were found among the four
groups. Haab striae occurred most frequently in
children with primary congenital glaucoma (38%)
and only in 7% of children with congenital cataract,
whereas this feature was not detected in the rest
groups.

However, BCVA and IOP in children with primary
congenital glaucoma were significantly improved
after any therapeutic intervention (at the second visit),
in contrast to the other three groups values. The CDR
values were elevated at the second visit in children
with aniridia. The highest percentage of premature
children was noted in children with Peters/Rieger’s
syndrome (32%), followed by children with congen-
ital cataract (21%) and aniridia (10%). Corneal
opacities presented in higher frequency among chil-
dren with Peters/Rieger’s anomaly (58%), followed by
aniridia (24%), primary congenital glaucoma (16%)
and congenital cataract (13%) groups.

We concluded that glaucoma was detected earlier
in children with primary congenital glaucoma, who
exhibited increased corneal diameter and high per-
centage of Haab striae, compared to the other groups.
Although these clinical features were more intense in
children with primary congenital glaucoma, these
children responded successfully to any therapeutic
intervention. On the other hand, the absence of
significant improvement in BCVA and IOP (at the
last visit) in children with aniridia-related glaucoma,
Peters/Rieger’s syndrome-related glaucoma and con-
genital cataract-related glaucoma indicates that these
patients do not respond well in treatment.
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