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Ab s t r ac t​
Aim: To describe the clinical and epidemiological characteristics of children with pediatric glaucoma (PG) treated in an ophthalmologic national 
reference center.
Materials and methods: A retrospective study of patients diagnosed with PG in a national ophthalmologic reference center was made, between 
2005 and 2015. Clinical findings, type of treatment, and the follow-up were evaluated.
Results: A total of 89 patients (145 eyes) were included. The median age of diagnosis was 2.0 years. The most frequent type of glaucoma was 
primary PG with 67.4% of affected patients, primary congenital glaucoma (PCG) being more frequent (69 eyes) than juvenile open-angle glaucoma 
(JOAG 36 eyes). Secondary PG accounted for 32.6% of the cases (40 eyes). At least one surgical procedure was needed in 56.6% of all studied 
eyes, and 10.7% of eyes had more than two surgical procedures. Even more, eyes with PCG had surgery in 88.4% of cases. On the contrary, eyes 
with JOAG did not require surgery. In the last assessment, the distribution of cases according visual acuity did not show differences. However, 
it is important to note that patients with secondary PG maintained a good vision only in 17.9% of cases.
Conclusion: Pediatric glaucoma is a heterogeneous group of diseases, and due to its low incidence, descriptive reports of large cohorts are not 
available. This study has a well-detailed report of PG characteristics in a national reference center. The frequency of JOAG in the present study 
was significantly higher than that reported in other studies. Also, clinical characteristics of all glaucoma described have some differences from 
data published.
Clinical significance: There are few studies that describe characteristics of PG. This study is an important tool to analyze the characteristics of 
PG in an effort to better know the disease.
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In t r o d u c t i o n​
Pediatric glaucoma (PG) is a heterogeneous group of diseases 
which all share ocular hypertension pathways and pressure-related 
damage to ocular structures.1 Primary congenital glaucoma (PCG) is 
the most frequent type, with an incidence of 1:10,000 to 68,000 live 
births.2,3 Due to the low incidence of this disease, descriptive reports 
of large cohorts are not available.2 In our country, one descriptive 
study of PG was published in 1999; clinical and epidemiological 
characteristics of only 34 children diagnosed with primary or 
secondary PG were reported.4

Different clinical studies suggest intraocular pressure (IOP) as 
the main prognostic factor to control the progression of the disease 
and irreversible damage on the cornea and optic nerve, preventing 
definitive blindness.5 Approximately, 8% of blindness cases in 
pediatric patients have been attributed to PG.6 Timely and correct 
diagnosis of glaucoma is essential to optimize visual outcomes and 
to guide appropriate treatment in children.

This study describes the clinical and epidemiological 
characteristics of children with PG treated in an ophthalmologic 
national reference center. The frequency of different types of PG, 
associated conditions, systemic pathologies, and the response to 
medical and surgical intervention are also reviewed. This study 
provides relevant information on the clinical presentation and 
behavior of the disease in a developing nation.

Mat e r ia  l s a n d Me t h o d s​
This was a retrospective study of patients diagnosed with PG in a 
national ophthalmologic reference center, between 2005 and 2015. 

Medical records from patients younger than 16 years old with at 
least 3 months of follow-up were reviewed. This study adhered 
to the tenets of the Declaration of Helsinki and was approved by 
the institutional review board of the center. Medical records with 
incomplete data were excluded. Clinical findings, type of treatment, 
response to treatment, and the follow-up were evaluated. Latest 
consensus by World Glaucoma Association was used to classify 
the type of PG.7 According to the consensus, PG is classified as 
primary or secondary. Primary PG is divided into PCG and Juvenile 
Open-angle Glaucoma (JOAG). Secondary PG can be subclassified 
into glaucoma associated with nonacquired ocular abnormalities, 
glaucoma associated with systemic diseases (or nonacquired 
syndromes), glaucoma associated with acquired conditions, and 
glaucoma following cataract surgery.7 Visual acuities unable to be 
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assessed with Snellen charts were converted using the following 
convention: count fingers, 20/2,000; hand motions, 20/20,000 
and light perception, 20/200,000.8 Visual acuity from non-verbal 
children medical records (Binocular Fixation Preference) was 
rounded to Snellen using the following convention: central, steady, 
and maintained was converted to visual acuity better than 20/50; no 
central, no steady, and no maintained was converted to worse than 
20/200; and the patients who had only one of the criteria (central, 
steady, or maintained) were classified as visual acuity between 20/50 
and 20/200 by Snellen.8 Data were analyzed with SPSS statistics 
program 21 (ser. 572 110 343, SPSS, Inc., Chicago, IL).

Re s u lts​
Medical records from patients diagnosed with PG in an 
ophthalmologic reference center between 2005 and 2015 were 
analyzed. A total of 89 patients (145 eyes) were included. Female 
cases corresponded to 49.4%. The median age of diagnosis for the 
whole group of patients was 2.0 years [interquartile range (IQR): 
9.0 years]. Patients with PCG were diagnosed at a median age of 
0.5 years (IQR: 0.9 years), patients with secondary PG and JOAG 
were diagnosed at a later age of 4.5 years (IQR: 9.7 years) and 10.0 
years (IQR: 5.5 years), respectively. The median follow-up time in all 
patients was 1.6 years (IQR: 2.3 years). The mean follow-up in PCG 
patients was 1.6 years (IQR: 1.4 years) and for JOAG patients was 1.3 
years (IQR: 0.4 years). Secondary glaucoma patients had the longest 
follow-up time, 1.7 years (IQR: 3.6 years; Table 1).

The most frequent type of glaucoma was primary PG, 
accounted for 67.4% of affected patients, PCG being more frequent 
(42 patients, 69 eyes) than JOAG (18 patients, 36 eyes). Secondary PG 
accounted for 32.6% of the cases (29 patients, 40 eyes; Table 2). All 
JOAG patients had both eyes affected; conversely, almost a third of 
the PCG patients had unilateral presentation. However, secondary 
PG patients had a unilateral predilection (Table 2).

Most common secondary PG was glaucoma associated with 
nonacquired eye abnormalities and glaucoma associated with 
congenital cataract surgery. Glaucoma associated with dysgenesis 
of the anterior segment and glaucoma associated with congenital 
cataract surgery were reported as the most frequent etiologies, 
both accounted for 9.6% of all eyes. Patients with glaucoma 
associated with nonacquired systemic disease were found less 
frequently (Table 3).

At least one surgical procedure was needed in 56.6% of all 
studied eyes, and 10.7% of eyes had more than two surgical 
procedures. Even more, eyes with PCG had surgery in 88.4% of cases. 
On the contrary, eyes with JOAG did not require surgery (Table 4). In 
all reviewed cases, the procedure of choice for initial management 
was trabeculectomy, which was performed in 42.9% of the cases, 
followed by trabeculectomy plus trabeculotomy, Ahmed valve 
implant and trabeculotomy as a stand-alone procedure, with 
29.9, 15.6, and 10.4%, respectively (Fig. 1). Trabeculectomy was 
performed without the use of mitomycin in half of cases; however, 
mitomycin was not used in three cases of trabeculectomy plus 
trabeculotomy. Cyclodestruction was done only in one eye as initial 
procedure, because glaucoma was due to trauma.

In all studied cases, median of IOP at initial assessment was 
16.0 mm Hg (IQR: 10.5 mm Hg); however, the mean IOP at initial 
assessment reported in eyes with secondary PG was 20.5 mm 
Hg (IQR: 18.5 mm Hg). In the last assessment, the IOP average 
decreased in all types of glaucoma, with a greater decrease in eyes 
with secondary PG. Regarding cup-to-disk ratio, it remained quite 
similar during visits (Table 5). In the first visit, the mean number 
of topical medications for all eyes was 1.54. As expected, most 
eyes with JOAG and secondary PG were treated with at least one 
antiglaucomatous topical medication after the first visit. Most of 
the patients with JOAG (66.7%) were treated with only one anti-
glaucomatous medication, prostaglandin analogs being most 
frequently used. Eyes with PCG reported no topical medication 
after the first visit in 27.5% of cases (Fig. 2).

At initial assessment, best-corrected visual acuity (BCVA) was 
better than 20/50 in 43.1% of eyes, between 20/50 to 20/200 in 
23.4% of eyes, and worse than 20/200 in 33.6% of eyes. At the final 
assessment, the distribution of cases according BCVA did not show 
clear differences. However, it is important to note that patients with 
secondary PG maintained a good vision (better than 20/50) only in 
17.9% of cases (Fig. 3).

PCG Follow-up
Sixty-nine eyes with PCG were diagnosed and managed. Primary 
management was surgical in most cases, trabeculectomy plus 
mitomycin C being the most frequent procedure (24 eyes, 34.8%). 
Trabeculotomy plus trabeculectomy was performed in 18 eyes 
(26.1%). In total, 11.6% of eyes (eight eyes) had only trabeculotomy 

Table 1: Gender distribution and age of diagnosis according to the type of glaucoma

Female Male
Median age of 

diagnosis
Median follow-up 

time

Patients (eyes) (%) Patients (eyes) (%) Years (IQR) Years (IQR)
Primary congenital glaucoma 23 (34) 25.8 19 (35) 21.4 0.5 (0.9) 1.6 (1.4) 
Juvenile open-angle glaucoma 6 (12) 6.7 12 (24) 13.5 10.0 (5.5) 1.3 (0.4)
Secondary pediatric glaucoma 15 (22) 16.9 14 (18) 15.7 4.5 (9.7) 1.7 (3.6)
All pediatric glaucomas 44 (68) 49.4 45 (77) 50.6 2.0 (9.0) 1.6 (2.3)

IQR, interquartile range

Table 2: Distribution of patients according to laterality

Unilateral (%) Bilateral (%) Total (%)
Primary congenital glaucoma 15 (16.9) 27 (30.3) 42 (47.2)
Juvenile open-angle glaucoma 0 (0.0) 18 (20.2) 18 (20.2)
Secondary pediatric glaucoma 18 (20.2) 11 (12.4) 29 (32.6)
Total (%) 33 (37.1) 56 (62.9) 89 (100.0)
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Table 3: Diagnosis distribution

  Patients Eyes Eyes (%)
Primary pediatric glaucoma 60 105 72.4
  Primary congenital glaucoma 42 69 47.6
  Juvenile open-angle glaucoma 18 36 24.8
Secondary pediatric glaucoma 29 40 27.6
 � Associated with nonacquired eye abnormalities 
    Dysgenesis of the anterior segment 4 7 4.8
  �  Axenfeld–Rieger (anomaly and syndrome) 2 4 2.8
    Aniridia 2 3 2.1
  �  Peters (anomaly and syndrome) 3 4 2.8
    Nevus of Ota 1 2 1.4
 � Associated with nonacquired systemic diseases      
    Sturge Weber syndrome 1 1 0.7
 � Associated with acquired conditions
    Ocular trauma 5 5 3.4
    Corticoid 1 1 0.7
    Retinopathy of prematurity 1 1 0.7
    Uveitis 3 4 2.8
    Keratoplasty 1 1 0.7
 � Associated with congenital cataract 5 7 4.8
Total 89 145 100.0

Table 4: Number of surgeries per eye according to the type of glaucoma

  Number of surgeries

  0 (%) 1 (%) 2 (%) 3 (%) Total
Primary congenital glaucoma 11.6 (8) 63.8 (44) 21.7 (15) 2.9 (2) 100.0 (69)
Juvenile open-angle glaucoma 100.0 (36) 0.0 (0) 0.0 (0) 0.0 (0) 100.0 (36)
Secondary pediatric glaucoma 47.5 (19) 35.0 (14) 12.5 (5) 5.0 (2) 100.0 (40)
All pediatric glaucomas 43.4 (63) 40.0 (48) 13.8 (20) 2.8 (4) 100.0 (145)

Fig. 1: Distribution of surgical initial management
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and 7 eyes (10.1%) had an Ahmed valve implant. In total, 11.6% 
of cases (eight eyes) did not receive any type of procedure. One 
bilateral case had trabeculotomy plus trabeculectomy in one 
of his eyes, and the other eye had IOP controlled with topical 
medications and did not need procedure until the last assessment 
in the institution.

JOAG Follow-up
Thirty-six eyes were evaluated and all were managed and controlled 
with topical treatment. No surgical procedure was needed.

Secondary PG Follow-up
Forty eyes with secondary PG were diagnosed and managed. In 
total, 50.0% (20 eyes) of cases required surgery. Trabeculectomy 
plus mitomycin and Ahmed valve implant were the most frequently 
performed procedures. A case with Ahmed valve implant required 

later cyclodestruction procedure due to failed IOP control. A tube 
extension was also required in another case with Ahmed valve 
implant. Trabeculotomy plus trabeculectomy was conducted in 
five eyes; however, one case required a valve implant due to failed 
IOP control.

Table 5: Clinical characteristics and type of glaucoma in the study  
eyes

Median IOP (IQR)
Median cup-to-disk 

ratio (IQR)

Initial Final Initial Final
Primary congenital 
glaucoma 

16.0 (11.0) 13.0 (4.0) 0.6 (0.4) 0.5 (0.4)

Juvenile open-angle 
glaucoma

13.0 (6.8) 12.0 (2.3) 0.7 (0.2) 0.8 (0.2)

Secondary pediatric 
glaucoma

20.5 (18.8) 15.5 (9.3) 0.5 (0.5) 0.6 (0.4)

All pediatric 
glaucomas

16.0 (10.5) 13.0 (5.0) 0.6 (0.3) 0.6 (0.4)

IOP, intraocular pressure, IQR, interquartile range
Fig. 2: Number of medications

Fig. 3: Visual acuity
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Co m p l i c at i o n s​
Most of the complications occurred in the PCG cases. Complications 
reported were endophthalmitis, hyphema, tube displacement, 
vitreous prolapse, and leaking filtering bleb. Endophthalmitis was 
reported in a patient who received a scleral patch for scleral melting 
after trabeculotomy plus trabeculectomy. This patient developed 
phthisis bulbi on this eye.

Di s c u s s i o n​
Pediatric glaucoma threatens the visual acuity of children. It 
may appear at any pediatric age. Late diagnosis may result in 
irreversible damage to optic nerve and visual function, affecting 
the development of these children. Therefore, the knowledge of the 
disease, early diagnosis and treatment are important to decrease 
long-term visual impairment.9–11

In this study, the majority of cases belonged to the PCG group, 
which is in accordance with that reported in other studies. The 
gender distribution was similar for PCG and secondary PG but not 
for JOAG.

There are few studies that describe the epidemiological 
characteristics of PG. The frequency of JOAG in the present study 
was significantly higher than that reported by Papadopoulos in the 
United Kingdom. A local study had a similar distribution according to 
the type of PG.4 However, Fung et al. found that secondary glaucoma 
was the most frequent type of PG, in 47.8% of cases regardless of race. 
The study by Fung et al. included 90 Hispanic subjects, and the most 
frequent type of glaucoma among this group was also secondary 
glaucoma.12 This finding contrasts with our results in which the 
most frequent type was PCG, corresponding to 47.2% of the cases. 
This could be explained by the multifactorial PCG etiology, not just 
the genetic factors. On the other side, there are many factors that 
are implied in PG diagnosis, making prevalence different worldwide. 
Reporting epidemiological and clinical factors of the disease in 
different populations may be a key to improve PG knowledge.

In our country, due to insurance affairs for health care issues, it 
may take long for these patients to get to the surgical treatment. This 
could be a condition affecting the visual prognosis of these patients, 
especially in patients with secondary glaucoma. Goniotomy is 
recommended as the first-line treatment when visualization through 
the cornea is adequate. In cases with corneal opacity, trabeculotomy 
is recommended.13 However, in some centers, trabeculotomy plus 
trabeculectomy is the first-line procedure in patients with PCG. 
Surgeons in this study had a predilection for trabeculectomy with 
mitomycin. It has been reported that trabeculotomy compared with 
the trabeculectomy plus trabeculotomy with mitomycin C in cases 
of congenital glaucoma had similar outcomes.14 Compared with the 
study by Fung et al., JOAG eyes did not need any surgical procedure, 
because IOP was controlled with medications.12 The decision to treat 
pharmacologically and not surgically, patients with JOAG, was made 
given that these patients were older, had better cooperation with 
the ophthalmological examination, better adherence to topical 
treatment and mainly because the pathophysiology of the disease 
is different to PCG allowing better response to medical treatment.

The majority of the cases had surgical successful results with 
the stabilization of cup-to-disk ratio. Even more, after the surgical 
treatment, some cases had a change in the cup-to-disk ratio.  
This is considered possible due to normalization of IOP, high 
resilience of the connective tissue of the optic nerve, and the 
elasticity of the lamina cribrosa during development.15 Regarding 
surgical complications, it was found similar to those by Jalil et al.16

Due to certain limitations in the health-care system of our 
country, it is difficult to strictly follow-up these patients. It is 
considered that congenital glaucoma has a significant economic 
impact, mainly during the first year after diagnosis, due to many 
surgical procedures and examinations that must be done.17 Our 
country does not have demographic reports about incidence of 
PG. In our institution, it represented less than 2% of the pediatric 
patients seen during that period.

Finally, this study had several limitations. First of all, it is a 
retrospective study. Prospective studies for PG are difficult to 
perform because of its low incidence. Moreover, the follow-up 
in our practice may be difficult due to the changing access of the 
patients to health-care insurance.

In our country, follow-up of PG patients is difficult; however, 
some of them have been followed up for 8 years. This process is 
an important challenge not only for the ophthalmologist but also 
for parents and other caregivers. The treatment is mainly surgical 
and can be associated with complications during and after the 
procedures. The decisions taken to treat these patients have a 
critical impact on children, who will probably visit four or more 
generations of ophthalmologists. The visual prognosis of these 
patients depends on the time of presentation and immediate 
treatment, hence the importance of knowing the clinical and 
epidemiologic characteristics of this disease.

Cl i n i c a l Si g n i f i c a n c e​
There are few studies that describe the characteristics of PG. The 
results from this study contribute to analyze the characteristics of 
PG in an effort to know the disease presentation and clinical and 
surgical management in a national reference center.
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