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Purpose: To apply the Childhood Glaucoma Research Network
(CGRN) classification in children from a pediatric glaucoma out-
patient clinic in a tertiary Brazilian care center to better understand
the prevalence and the demographic and clinical characteristics of
each subtype of childhood glaucoma.

Methods: This was a retrospective study in which medical records
were collected from patients assisted in childhood glaucoma’s clinic
at the Department of Ophthalmology and Visual Sciences, Federal
University of São Paulo from January 2010 to January 2018. The
initial diagnosis and new diagnosis according to CGRN classi-
fication were collected. In addition, age, sex, visual acuity, and
affected eye were recorded.

Results: From 624 ophthalmic consultations in the clinic, 496 had
confirmed diagnosis of childhood glaucoma or glaucoma suspect.
Mean age at diagnosis of the entire group was 3.62± 4.23 years
(range, 0 to 17 y). Two hundred eight-one (56.65%) of all patients
were male and 349 patients (81.16%) had bilateral disease. All
patients fit 1 of the 7 categories of the new classification. In all,
48.59% of diagnoses were changed upon reclassification. According
to CGRN classification, 220 patients (44.35%) had primary glau-
coma (juvenile open-angle glaucoma and primary congenital glau-
coma); 210 patients (42.34%) had secondary glaucoma (glaucoma
associated with nonacquired ocular anomalies; glaucoma associated
with nonacquired systemic disease or syndrome; glaucoma asso-
ciated with acquired condition; and glaucoma following cataract
surgery); and 66 patients (13.31%) were glaucoma suspect. The most
common diagnoses found were primary congenital glaucoma with
218 cases (43.95%) and the last common diagnosis was juvenile
open-angle glaucoma with 2 cases (0.40%).

Conclusion: The CGRN classification provides a useful method for
classifying childhood glaucoma. A single, standardized classi-
fication system is important for diagnosis and management these
patients, in addition, may improve physician communication, and
future research.
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C hildhood glaucoma is a rare group of diseases charac-
terized by ocular changes, particularly in the anterior

segment and iridocorneal angle, that result in increased
intraocular pressure (IOP) and optic nerve damage in
infants and children.1,2 Epidemiological studies have shown
that the incidence of this disease varies widely among
demographic regions. For example, in Southern India, the
prevalence was estimated to be 1:3300 live births.3 On the
other hand, the prevalence was much lower in Europe,
North America, and Australia, where it ranged from
1:10,000 to 1:38,000.1,4–6

A critical step in the development of plans for future
interventions is to better understand the distinctive pattern
of childhood glaucoma in each country and thereby define
the essential measures. To establish a suitable baseline, there
should be a single, consistent classification system agreed
upon by different practitioners. However, although different
classification schemes have been introduced, none have been
broadly followed.2,7

The Childhood Glaucoma Research Network (CGRN),
an international consortium of glaucoma specialists proposed,
in 2011, a new classification system, which was validated under
the aegis of the World Glaucoma Association (WGA) in
2013.2,8 The new classification proposed by the CGRN is
based on the clinical findings, timing, and the context in which
a diagnosis of glaucoma is made. Primary childhood glaucoma
categories included primary congenital glaucoma (PCG) and
juvenile open-angle glaucoma (JOAG). Secondary childhood
glaucoma categories included glaucoma associated with non-
acquired ocular anomalies, glaucoma associated with non-
acquired systemic disease or syndrome, glaucoma associated
with acquired condition, and glaucoma following cataract
surgery.7

The idea of creating a standard approach to classify
primary childhood glaucoma cases across different countries
was supposed to be easily implementable and would allow
physicians and researchers to conduct large-scale inves-
tigations of this otherwise rare disease. In this context, the
purpose of this study was to apply the proposed classi-
fication in a sample to investigate the prevalence, demo-
graphic, and clinical characteristics of each subtype of
childhood glaucoma in a tertiary glaucoma center in Brazil.

METHODS

Participants
All medical records of patients who had an appointment

between January 2010 and January 2018 at the childhood
glaucoma clinic at the Department of Ophthalmology and
Visual Sciences, Federal University of São Paulo, Brazil, were
retrospectively reviewed. All clinical data were accessed fromDOI: 10.1097/IJG.0000000000001712
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our database of childhood glaucoma patients that came online
in 2018.9 Details about the online clinical data have already
been published elsewhere.9 The institutional review board at
Federal University of São Paulo (CEP/UNIFESP no. 0519/
2017) approved the methods, and we obtained written
informed consent from all parents or caregivers of the patients.
All study methods complied with the Declaration of Helsinki
guidelines for human research.

Patients included in this study had been diagnosed with
childhood glaucoma or suspected glaucoma at our institution.
Glaucoma was defined by the presence of 2 or more of the
following findings: IOP >21mmHg, optic disc cupping
(a progressive increase in the cup-disc ratio, cup-disc asymmetry
of ≥0.2 when the optic discs were of similar size, or focal rim
thinning), corneal findings (Haab striae or enlarged diameter),
progressive myopia, or a reproducible visual field defect com-
patible with glaucomatous optic neuropathy. Suspected glau-
coma was defined by the presence of at least one of the following
criteria: IOP >21mmHg on 2 separate occasions, optic disc or
visual field findings indicating glaucoma, and increased corneal
diameter or axial length in the setting of normal IOP. These
criteria have been established and published by the World
Glaucoma Association (WGA) in its ninth Consensus Report.7

All participant data were reviewed retrospectively to
obtain demographic and clinical information, including the
diagnosis provided by the glaucoma experts to each patient
as well as patient sex, compromised eye, and visual acuity at
the last appointment. Age at diagnosis was obtained, and
visual acuity at the last appointment was also documented.
Visual acuity was measured using fixation methods or
Cardiff cards in preverbal children and using the Snellen’s
chart in older verbal children, after which the values were
converted to decimal notation. Subsequently, the clinical
characteristics of each patient were evaluated and classified
according to the CGRN classification by the researcher.

Figure 1 illustrates the model used to perform the
reclassification based on CGRN. Initially, all patients were
classified into 28 diagnoses, which was then narrowed to 7
categories. The 28 original diagnoses included secondary
glaucoma, glaucoma secondary to congenital cataract, aphakic

glaucoma, glaucoma following cataract surgery, congenital
glaucoma, congenital glaucoma suspect, glaucoma secondary
to uveitis, and congenital glaucoma secondary to glaucoma,
Peters anomaly, PCG, glaucoma secondary to trauma, trau-
matic glaucoma, glaucoma secondary to Rubinstein-Taybi
syndrome, glaucoma secondary to Axenfeld-Rieger syndrome,
glaucoma suspect, corticogenic glaucoma, congenital glau-
coma secondary to Dandy Walker syndrome; glaucoma
secondary to Sturge-Weber syndrome; congenital glaucoma
secondary to iris coloboma; glaucoma secondary to corneal
transplant; glaucoma secondary to rubella; juvenile glaucoma
secondary to prematurity retinopathy; glaucoma secondary to
sclerocornea; glaucoma secondary to Klippel-Trenaunay-
Weber syndrome, congenital glaucoma secondary to Noonan
syndrome, glaucoma secondary to juvenile idiopathic arthritis
secondary to Down syndrome, and congenital glaucoma sec-
ondary to aniridia. Briefly, according to the CGRN classi-
fication, childhood glaucoma was categorized as primary or
secondary. A child was classified as having primary glaucoma
if no systemic abnormality, ocular anomaly, previous cataract
surgery, or any acquired condition was detected. Primary
childhood glaucoma categories included PCG, in which
buphthalmos could be detected, and JOAG. Secondary glau-
coma associated with acquired conditions was determined
when a history of ocular trauma, uveitis, steroid use, ocular
tumor, or retinopathy of prematurity were described. An
exception was a history of cataract surgery without preexisting
glaucoma, separately classified as glaucoma following cataract
surgery, as the prevalence of this condition is usually high.
When none of the preexisting conditions were determined, the
patients were considered to show nonacquired ocular anoma-
lies. When systemic involvement was observed, glaucoma was
associated with nonacquired systemic disease or syndrome.

Statistical Analysis
The descriptive statistics included the mean and SD for

variables with a normal distribution, while those without a
normal distribution were presented as the median and
interquartile range. The skewness-kurtosis test and histo-
grams were used to check for normality. Qualitative data

FIGURE 1. Design to how the reclassification was performed using CGRN classification. CGRN indicates Childhood Glaucoma Research
Network.
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were described using numbers and percentages. All stat-
istical analyses were performed using the available software
Stata version 13 (StataCorp LP, College Station, TX). The
alpha level (type I error) was set at 0.05.

RESULTS
Of the 624 patients examined in the clinic from

January 2010 to January 2018, 128 were excluded from
our sample because it was their first visit to our clinic.
After establishing the absence of childhood glaucoma or
suspected glaucoma, these patients were found to have
been inappropriately referred to our sector. A total of 496
patients with a diagnosis of childhood glaucoma or sus-
pected glaucoma were included in this study. We reviewed
the clinical charts of children who met the criteria for
glaucoma or glaucoma suspect, and reclassified the diag-
noses according to the CGRN classification system. This
process distributed the 28 different diagnoses into the 7
CGRN classifications.

All patients fit 1 of the 7 categories of the new classi-
fication without overlap in categories (48.59%). Of the
diagnoses, 48.59% changed upon reclassification. According
to the CGRN classification, 220 patients (44.35%) had pri-
mary glaucoma (JOAG and PCG); 210 patients (42.34%)
had secondary glaucoma (glaucoma associated with non-
acquired ocular anomalies; glaucoma associated with non-
acquired systemic disease or syndrome; glaucoma associated
with acquired condition; and glaucoma following cataract
surgery); and 66 patients (13.31%) were glaucoma suspects.
The most common diagnoses were PCG (218 cases;
43.95%), followed by glaucoma suspect (66 patients;
13.31%). The clinical and demographic characteristics of the
entire sample and each group are presented in Supplemental
Table 1 (Supplemental Digital Content 1, http://links.lww.
com/IJG/A488).

The mean age at diagnosis of the entire group was
3.62±4.23 years (range, 0 to 17 y, Fig. 2). The oldest age was
seen in JOAG (mean age, 10.00±0.00 y; range, 10 to 10 y), and
the youngest age was seen in PCG (mean age, 1.51±3.05 y;
range, 0 to 15 y) (Supplemental Table 1, Supplemental Digital
Content 1, http://links.lww.com/IJG/A488).

Regarding laterality, 349 patients (70.36%) showed
bilateral involvement. For primary glaucoma, 162 (73.63%)
patients showed bilateral disease, and for secondary glau-
coma 124 (59.01%) showed bilateral disease. Bilateral
involvement was proportionally greater in JOAG (100.00%)
and glaucoma associated with nonacquired ocular con-
ditions (77.97%).

The majority of all patients were male (281 cases;
56.65%). The highest prevalence of male patients was
observed in the group of patients with PCG (146 cases;
66.67%). The smallest prevalence of male patients was
observed in the group showing glaucoma associated with
nonacquired systemic disease or syndrome (44.74%).

The mean visual acuity in the entire group in the
affected eye was 1.63 ± 1.08 logMAR (range, 0 to 3 log-
MAR) (Fig. 3). The best visual acuity was in the glaucoma
suspect group (0.32 ± 0.49 logMAR; range, 0 to 2.3 log-
MAR), and the worst visual acuity was observed in the
group showing glaucoma associated with acquired condition
(1.77 ± 1.06 logMAR; range, 0 to 3 logMAR).

Details of secondary glaucoma are presented in Sup-
plemental Table 2 (Supplemental Digital Content 2, http://
links.lww.com/IJG/A489).

DISCUSSION
The present study describes the prevalence and demo-

graphic characteristics of childhood glaucoma in a tertiary
care center in Brazil. Our results are in agreement with
previous studies that reported bilateral and male predom-
inance in childhood glaucoma.10–12 However, to our
knowledge, this is the first study applying the CGRN clas-
sification in the South America population. Different studies
have already used the same methodology in Ohio, the
United States, South India, and Egypt.13–15

The CGRN classification system is the first classi-
fication system for childhood glaucoma that has gained
international consensus and was proposed in 2013.2,8 It
provides a logical diagnostic guideline that clinicians can use
to systematically and reproducibly categorize childhood
glaucoma patients. The use of a unified classification system
will allow better standardization of communication and
future research on childhood glaucoma.2,8 The CGRN
classification proved easy to implement in our patient pop-
ulation, and we were able to categorize all glaucoma and
glaucoma suspect patients into 1 of the 7 categories pro-
posed by the CGRN classification. There was no overlap; no
patient fell into more than 1 diagnostic category. The new
assignments became more descriptive of the cause of
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FIGURE 2. Histogram showing the distribution of age at diag-
nosis in the entire group.

FIGURE 3. Histogram showing the distribution of visual acuity in
the last visit in the entire group.
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glaucoma. In our present sample, 28 different diagnoses
were categorized into 7 CGRN classifications. The homo-
geneity in classification could better clarify the pattern of
childhood glaucoma in Brazil and facilitate comparisons
with other countries.

In our sample, based on CGRN classification, PCG
was the most prevalent category (43.95%), inconsistent with
other studies that showed glaucoma suspect as the most
prevalent form of the disease.15 This high number of PCG
cases may be explained by the fact that our institution was
tertiary care center, and patients were referred after previous
ophthalmological evaluations performed by other sub-
specialists such as a pediatric ophthalmologist, a retinal
specialist, or an eye trauma specialist. Therefore, it is
important to note that, although we observed a high number
of PCG cases, we noted low rates of parental consanguinity,
which could explain the high rates in other communities,
such as those described in Saudi Arabia and India.16,17

The mean age at diagnosis presented in our study was
3.62 ± 4.23 years, which is in agreement with the findings of
previous studies. The study proposed by Hoguet and col-
leagues showed that the median age of patients included in
the study was 3.72 years; however, the mean age in our
study was 4.67 years. In contrast, in the previous study,
most patients included had PCG (32% in Hoguet’s study vs.
43.95% in the present study).13

Regarding race, the male predominance in our sample
was in agreement with the findings of previous reports in the
literature.18 Almost 57% of our patients were male. Genetic
basis could provide a clue for this impressive sex bias, which
is not yet well established. Clinical and molecular exami-
nations of the affected patients and environmental expo-
sures may reveal additional factors that influence the
expression of the PCG phenotype.19

Hoguet et al13 applied the CGRN classification in 205
medical records in a tertiary center in Miami, United States.
They showed that the classification was feasible to imple-
ment in their patient population, and they were able to
categorize all glaucoma and glaucoma suspect patients into
1 of the 7 categories proposed with no overlap.13 In their
results, 71% of the diagnoses changed upon reclassification.
Twenty‑three percent of patients had primary glaucoma,
36% had secondary glaucoma, and 39% were glaucoma
suspect. Of the patients diagnosed with glaucoma, PCG was
the most common diagnosis, seen in 32% of children. In
comparison with their findings, our sample showed less
reclassification (48.59%).13 However, we also observed that
the previous classification provided insufficient and vague
information about the etiology of the patient’s disease, while
the CGRN classification reduced variability, provide a more
specific method to access diagnosis.

A few years later, Bouhenni and colleagues applied the
same methodology with 108 medical records in Akron,
Ohio.15 “Glaucoma suspect” was the most prevalent cat-
egory (46%), followed by glaucoma associated with the
acquired ocular anomaly (20%) and JOAG (16%). PCG
represented 3% of the cases, and all of these patients were
male. Sixty-nine percent of the patients showed bilateral
involvement.15 The discrepancy in the prevalence of PCG in
our center is possibly due to the fact that our center is a
referral center for surgical treatment in the country, as dis-
cussed earlier.

In contrast, our results are consistent with those
recently published by Mokbel and colleagues, who analyzed
the childhood glaucoma characteristics in Egypt using

CGRN.14 They evaluated 207 patients and found that PCG
was the predominant type (55.1%), followed by acquired
glaucoma (29.5%). Males represented 63.8% of all studied
patients. Glaucoma associated with ocular anomaly group
showed the youngest age at diagnosis (21.9 ± 30.0 mo).14

The present study, to our knowledge, is the first study
on this topic in our country. However, it is important to
address some specific limitations of this retrospective study.
First, some information was missing from our records, such
as age at onset of symptoms, refraction, intraocular pres-
sure, corneal diameter, ocular axial length, corneal thick-
ness, and therapy details. Second, although more complex
information such as birth history, family history, or con-
sanguinity should be reported in our charts, this retro-
spective study showed limitations linked to data collection.
It is hoped that, this study will trigger the establishment of
more reliable recording systems in our community. Third,
Brazil is a developing country with large dimensions, and
health care resources are not equally distributed. Thus, not
all glaucoma suspects from our country may have had the
opportunity to be examined by a glaucoma specialist and
sent to a tertiary care center, which led to a lack of reliable
epidemiological information.

In conclusion, the present study showed that in a
tertiary care center in Brazil, PCG is the most common
form of childhood glaucoma with bilateral and male pre-
dominance in all samples. In addition, the CGRN classi-
fication was found to be a useful method for classifying
childhood glaucoma. A single, standardized classification
system is important for diagnosis and management of these
patients, and may improve physician communication and
future research.

REFERENCES
1. Aponte EP, Diehl N, Mohney BG. Incidence and clinical charac-

teristics of childhood glaucoma: a population-based study. Arch
Ophthalmol. 2010;128:478–482.

2. Yeung HH, Walton DS. Clinical classification of childhood
glaucomas. Arch Ophthalmol. 2010;128:680–684.

3. Dandona L, Williams JD, Williams BC, et al. Population-based
assessment of childhood blindness in southern India. Arch
Ophthalmol. 1998;116:545–546.

4. MacKinnon JR, Giubilato A, Elder JE, et al. Primary infantile
glaucoma in an Australian population. Clin Exp Ophthalmol.
2004;32:14–18.

5. Taylor RH, Ainsworth JR, Evans AR, et al. The epidemiology
of pediatric glaucoma: the Toronto experience. J AAPOS.
1999;3:308–315.

6. Papadopoulos M, Cable N, Rahi J, et al. Investigators BIGES.
The British Infantile and Childhood Glaucoma (BIG) eye
study. Invest Ophthalmol Vis Sci. 2007;48:4100–4106.

7. Beck ACT, Freedman S. World Glaucoma Association
Consensus Series-9: childhood glaucoma. In: Weinreb RNGA,
Papadopoulos M, Grigg J, Freedman S, eds. World Glaucoma
Association Consensus Series-9: Childhood Glaucoma. Amster-
dam, The Netherlands: Kugler Publications; 2010:3–10.

8. Beck ACT, Freedman S. World Glaucoma Association Con-
sensus Series-9: Childhood Glaucoma. Amsterdam, The Nether-
lands: Kugler Publications; 2010.

9. Lopes NLV, Gracitelli CPB, Moura CR. Creation of a
childhood glaucoma registry database. Arq Bras Oftalmol.
2018;81:271–275.

10. Barsoum-Homsy M, Chevrette L. Incidence and prognosis of
childhood glaucoma. A study of 63 cases. Ophthalmology. 1986;93:
1323–1327.

11. deLuise VP, Anderson DR. Primary infantile glaucoma
(congenital glaucoma). Surv Ophthalmol. 1983;28:1–19.

Lopes et al J Glaucoma � Volume 30, Number 2, February 2021

132 | www.glaucomajournal.com Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2020 Wolters Kluwer Health, Inc. All rights reserved.



12. Fung DS, Roensch MA, Kooner KS, et al. Epidemiology and
characteristics of childhood glaucoma: results from the Dallas
Glaucoma Registry. Clin Ophthalmol. 2013;7:1739–1746.

13. Hoguet A, Grajewski A, Hodapp E, et al. A retrospective
survey of childhood glaucoma prevalence according to Child-
hood Glaucoma Research Network classification. Indian J
Ophthalmol. 2016;64:118–123.

14. Mokbel TH, El Hefney EM, Hagras SM, et al. Childhood
glaucoma profile in Dakahelia, Egypt: a retrospective study. Int
J Ophthalmol. 2018;11:674–680.

15. Bouhenni RA, Ricker I, Hertle RW. Prevalence and clinical
characteristics of childhood glaucoma at a Tertiary Care
Children’s Hospital. J Glaucoma. 2019;28:655–659.

16. Bejjani BA, Lewis RA, Tomey KF, et al. Mutations in
CYP1B1, the gene for cytochrome P4501B1, are the predom-
inant cause of primary congenital glaucoma in Saudi Arabia.
Am J Hum Genet. 1998;62:325–333.

17. Dandona L, Dandona R, Srinivas M, et al. Blindness in the
Indian state of Andhra Pradesh. Invest Ophthalmol Vis Sci.
2001;42:908–916.

18. Qiao CY, Wang LH, Tang X, et al. Epidemiology of
hospitalized pediatric glaucoma patients in Beijing Tongren
Hospital. Chin Med J (Engl). 2009;122:1162–1166.

19. Vithana EN, Aung T. Exploring the basis of sex bias in pri-
mary congenital glaucoma. J Ophthalmic Vis Res. 2009;4:
73–74.

J Glaucoma � Volume 30, Number 2, February 2021 Childhood Glaucoma Profile in Brazilian Population

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved. www.glaucomajournal.com | 133

Copyright r 2020 Wolters Kluwer Health, Inc. All rights reserved.


