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Abstract
Purpose The primary objective of the study was to assess the frequency and severity of visual field defects (VFD) in primary
congenital glaucoma (PCG). The secondary objective was to ascertain any associated risk factors.
Methods An ambispective review of patients with PCG on follow-up with a ‘target’ intraocular pressure (IOP) of ≤ 15 mmHg.
Age, sex, laterality, duration of follow-up, baseline IOP, baseline cup-disc ratio (CDR), central corneal thickness (CCT), age
during filtering surgery, second surgery if any, yearly IOP, glaucomamedications and best corrected visual acuity from 2013 (year
1) to the final review and final CDR were noted down. Children ≥ 5 years of age with best corrected visual acuity ≥ 6/60 were
subjected to manual kinetic Goldmann perimetry, and visual field defects (VFD) were identified.
Results Seventy-one of 90 eyes completed a reliable kinetic perimetry. The mean age of children was 12.34 ± 4.86 years, and the
mean follow-up duration was 10.77 ± 4.69 years. Baseline IOP and CDRwere 29.07 ± 8.83 mmHg and 0.66 ± 0.22, respectively.
86.67% of eyes underwent a trabeculotomy + trabeculectomy with mitomycin-C. Thirty-one eyes (34.44%) required a second
surgery, 25 of which were bleb revisions and 3 trabeculectomies. Mean IOP and CDR during last visit were 10.23 ± 2.76 mmHg
and 0.52 ± 0.25, p < 0.001 as compared with baseline. On Goldmann perimetry, 19 eyes, 26.76%, had defects, arcuate scotoma
being most frequent. On the Fisher exact test, a baseline/final CDR > 0.8, undergoing just a trabeculectomy with MMC, needing
≥ 2 glaucoma medications on review or a repeat trabeculectomy was associated with greater severity of VFD. On univariate
logistic regression, eyes that needed a bleb revision [OR, 95% CI 9.75 (2.66–35.67), p = 0.001], a repeat trabeculectomy with
mitomycin-C [OR (CI) 18 (1.31–245.58), p = 0.03] and final CDR of > 0.8 [OR (CI) 23.1 (3.7–144.21), p = 0.001] were
associated with VFD. On multivariable regression analysis, female sex [OR (CI) 18 (2.01–161.04), p = 0.01] was identified as
the single most important risk factor for development of a VFD.
Conclusion At a ‘target’ IOP of ≤ 15mmHg, 26.76% of PCG eyes manifested a VFD over 10 years. Baseline and/or final CDR >
0.8, necessity for ≥2medications or a repeat glaucoma surgery, and female sex were identified as risk factors for development and
greater severity of glaucomatous VFD.

Keywords Primary congenital glaucoma . Goldmann perimetry . Cup-disc ratio . Visual field defect . Risk factors . Functional
outcome

Introduction

Primary congenital glaucoma (PCG) has a varied incidence,
from 1 in 10,000 to 1 in 68,000 live births in Caucasians to
about 1 in 3300 live births in Indians [1, 2]. It contributes to
4.2% of all childhood blindness in India [2, 3]. Children with
glaucoma report health-related quality of life equivalent to
children born with severe congenital heart disease [4]. Their
vision-related quality of life is also low, especially for those
with bilateral disease, reduced best corrected visual acuity and
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for those who have undergone ≥ 3 glaucoma surgeries [5].
Visual disability in PCG is due to glaucomatous optic neurop-
athy and associated corneal astigmatism, myopia, anisometro-
pia, corneal opacities and amblyopia [6–8]. For children with
PCG, even after a successful glaucoma surgery at infancy, the
health-related quality of life remained adverse due to com-
plexity of the disease and need for lifelong monitoring [9].
However, it is still better than that for children with secondary
childhood glaucomas [10] and is important to be preserved.

Most studies on congenital glaucoma characterize success
in terms of intraocular pressure (IOP), with < 21 mmHg being
the most common cut-off. However, such an IOP control in
these children does not necessarily translate into functional
benefits. Reports on visual field defects and biomarkers for
these, in the PCG scenario, are few.

Therefore, this study was undertaken with the primary ob-
jective of assessing the frequency and severity of visual field
defects (VFD) in primary congenital glaucoma. The second-
ary objective was to ascertain any associated risk factors.

Materials and methods

This was a single-centre, ambispective, observational study of
consecutive PCG patients on regular follow-up at the
Glaucoma Service of a tertiary care centre, who could perform
kinetic perimetry. A written informed consent was obtained
from the guardians of paediatric patients. All procedures were
performed in accordance with the ethical standards of the in-
stitutional research committee and with the 1964 Helsinki
declaration and its later amendments.

Inclusion criteria A diagnosis of PCG was made if the child
presented with photophobia, enlarged corneal diameters, cor-
neal oedema/Haab striae, raised baseline IOP, increased axial
length and glaucomatous optic nerve head cupping. When
these features presented at > 2 years of age, a diagnosis of
late-onset PCG was made.

Exclusion criteria Children with incomplete ocular records,
those lost to follow-up in between, those with any other ocular
disorders and systemic anomalies likely to cause a visual field
defect and guardians not willing for the study were excluded.

The study was done in two parts.
Part 1 – Patients’ ocular records were reviewed, and details

such as age, sex, laterality, duration of follow-up, baseline
IOP, baseline cup-disc ratio (CDR), central corneal thickness
(CCT), age at first filtering surgery, second surgery if any,
mean yearly IOP, number of glaucoma medications and best
corrected visual acuity from the year 2013 to their last visit
were noted down. Children underwent Goldmann applanation
tonometry (when cooperative) or a Perkin’s applanation to-
nometry during examination under anaesthesia, performed

using a standardized protocol of inhalational sevoflurane and
laryngeal mask airway, without muscle relaxants, during reg-
ular scheduled visits. A ‘target’ IOP of ≤ 15 mmHg had been
set. Both eyes of children were evaluated.

Part 2 – At the last review (2018–2019), final CDR was
again noted on 90D examination as far as possible. IOP con-
trol was calculated by averaging at least 3 readings per year
during the last 3 years. Children with best corrected visual
acuity of ≥ 6/60 performed manual kinetic perimetry
(Goldmann perimeter, Haag-Streit model 940-K7, Bern,
Switzerland) with a single experienced technician. Children
were instructed to maintain central fixation and, while the
target was brought from the periphery, were advised to press
the buzzer when the stimulus was first visible. A practice
session to familiarize the child with the machine was under-
taken, before the actual examination began. With refractive
correction in place, the eye with better visual acuity was tested
first. Kinetic stimuli of sizes I4e, III4e and V4e were used to
test 24 meridians every 15° apart, from the non-seeing to
seeing areas. Points where the stimulus was first seen in each
meridian were marked to form the corresponding isopter. This
was repeated at least twice for each meridian. Localized field
defects were rechecked with smaller stimuli to better delineate
them. Definitive glaucomatous visual field defects, VFD,
were identified as per Aulhorn’s staging. A nasal step had to
be an isopter defect at least 5° in width, while arcuate scoto-
mas were identified between 10 and 20° away from fixation in
Bjerrum’s area. These had to be reproducible.

The data was analysed by Stata 14 and presented in mean ±
SD/median (range) and frequency (%). Categorical variables
were compared by chi-square/Fisher’s exact tests. Continuous
variables were compared among the groups by independent t
test (following normal distribution) and the Wilcoxon rank
sum test (non-normal distribution). Univariate logistic regres-
sion and stepwise multivariable logistic regression analysis
were done to assess risk factors for development of a visual
field defect. A p value < 0.05 was considered statistically
significant.

Variables such as age, sex, laterality, diagnosis, baseline
IOP, baseline CDR, CCT, type of management, age at 1st
surgery, need for a second surgery, yearly IOP, number of
glaucoma medications, total follow-up duration, IOP control
and final CDR were evaluated to identify risk factors for de-
velopment of a VFD.

Results

A total of 66 patients were screened, of which 10 cases were
excluded: 6 due to incomplete ocular records, 2 due to an
interim lost to follow-up, 1 case of Sturge-Weber syndrome
and one whose parents were not willing to participate in the
study. Both eyes of 56 patients were evaluated, of which a
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total of 90 eyes met inclusion criteria. Seventeen eyes
(18.89%) had unilateral glaucoma, and 5 eyes were phthisical.
The sex ratio (M:F) was 38:18, and with respect to number of
eyes were 60:30. Seventy-one of 90 eyes completed reliable
kinetic perimetry.

The mean age of children was 12.34 ± 4.86 (4–27) years,
and they had completed a mean follow-up of 10.77 ± 4.69 (2–
26) years. Fifty-one patients had early onset PCG (91.07%),
and 5 had late-onset PCG (8.92%).

Intraocular pressure The baseline IOP of the cohort was 29.07
± 8.83 mmHg. The mean CCTwas 528.10 ± 64.46 μ. Seventy-
eight eyes (86.67%) underwent a trabeculotomy with
trabeculectomy andmitomycin-C (MMC), 5 eyes (5.56%) only
a trabeculectomy with MMC, and 7 eyes (7.78%) were on
medical management. The median age at first surgery was
6 months (range, 0.5–72). Thirty-one eyes had required a sec-
ond surgery, 25 (27.7%) of which were bleb revisions, 3
(3.33%) repeat trabeculectomies and 3 (3.33%) cataract surger-
ies. The mean IOP during year 2013 was 10.80 ± 3.78 mmHg.
The mean IOP during last review was 10.23 ± 2.76 mmHg,
significantly lower than the baseline value, p < 0.001. Over
the last 3 years, 67 eyes, 74.44%, had an IOP control of ≤
12 mmHg, 16 eyes, 17.78%, of 13–15 mmHg, 5 eyes, 5.56%,
of 16–18mmHg and 2 eyes, 2.22%, of ≥ 19mmHg. On the last
visit, 80.89% of the eyes had an IOP ≤ 12 mmHg, and 59.77%
were free of glaucoma medications.

Best corrected visual acuity The median first documented best
corrected visual acuity (BCVA) was 0.3 (0–5), which remained
stable until the last review, p = 0.62. On the last visit, 70.83%
had a BCVA of ≤ 0.48 logMAR (Snellen equivalent 6/18).

The distribution of IOP and BCVA through the period of
review has been depicted in Fig. 1.

Cup-disc ratio over time The baseline CDR of the cohort was
0.66 ± 0.22. The mean CDR during last review was 0.52 ±
0.25, significantly lower than the baseline, p < 0.001. A base-
line CDR of ≤ 0.5 did not show any visual field defects till last
review; however, a final CDR of ≤ 0.5 had VFD in 13.16%. A
severe cupping of CDR > 0.8 at baseline was likely to present
with a VFD in 62.5%, and a final CDR > 0.8 had a VFD in
77.8% (p = 0.002, p < 0.001 respectively) (Table 1).

Goldmann kinetic perimetry Fifty-two eyes, 73.24%, had a
normal visual field, while 19 eyes, 26.76%, had a definitive
glaucomatous VFD. One eye (1.41%) showed a nasal step and
another (1.41%) a Seidel’s scotoma, 3 eyes (4.23%) showed a
single arcuate defect, 6 eyes (8.45%) showed defects in both
hemispheres (3 binasal steps, 3 eyes had an arcuate and a nasal
step), 6 eyes (8.45%) showed a biarcuate defect, and 2 eyes
(2.82%) showed an advanced field defect with just a central
island < 10°.

Possible risk factors for developing a VFD In addition to a
baseline or final CDR of > 0.8, undergoing a trabeculectomy
with MMC (p = 0.04), needing ≥ 2 glaucoma medications on
the first review year (p = 0.01) and eyes that required a repeat
surgery, trabeculectomy or bleb revision (p < 0.001) was as-
sociated with the development of a VFD. On univariate logis-
tic regression, eyes that needed a bleb revision [odds ratio
(OR), 95% confidence interval (CI) 9.75 (2.66–35.67), p =
0.001], a repeat trabeculectomy with MMC [OR (CI) 18
(1.31–245.58), p = 0.03] and had a final CDR of > 0.8 [OR
(CI) 23.1 (3.7–144.21), p = 0.001] were associated with de-
velopment of a VFD. On stepwise multivariable logistic re-
gression analysis, female sex [OR (CI) 18 (2.01–161.04), p =
0.01] was identified as the single risk factor for development
of a VFD (Table 2). The median age at surgery for the males

Fig. 1 Box andwhisker graph representing themedian, 25th and 75th percentile. a Intraocular pressure (IOP) at baseline and yearly from 2013 to 2019. b
Best corrected visual acuity (vn) yearly from 2013 to 2019
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and females was 0.5 (6–72) and 0.5 (6–20) months respective-
ly, p = 0.83.

Severities of VFD The VFD were then categorized into mild
(nasal step and Seidel scotoma), moderate (single arcuate sco-
toma), severe (bi-hemisphere defects and biarcuate scotoma)
and very severe defects (central island < 10°), and the role of
risk factors was studied. Undergoing an isolated
trabeculectomy with MMC (p = 0.005), usage of ≥ 2 medi-
cines on year 1 (2013) (p = 0.01), a need for repeat
trabeculectomy (p = 0.001) and a baseline and final CDR >
0.8 (severe cupping) (p = 0.005 and p < 0.001, respectively)
were associated with a severe to very severe VFD. A longer
follow-up > 5 years (p = 0.01) was associated with nil visual
field defects (Table 3). Figure 2 is a graph showing the distri-
bution of VFD severity with respect to baseline and last visit
IOP and CDR.

Discussion

Congenital glaucomas are a management challenge, demand-
ing early diagnosis and lifelong control of IOP, to achieve best
possible results. Studies on long-term outcomes of PCG are
few and are mainly focussed upon IOP [11–14]. Even eyes

Table 1 Comparison of characteristics between eyes with normal fields
and VF defects (n = 71)

Parameters Normal VF VF defect+ p value

Age (years)

≤ 8 11 (91.67%) 1 (8.33%) 0.20
9–12 19 (76%) 6 (24%)

≥ 13 22 (64.71%) 12 (35.29%)

Sex

Male 37 (80.43%) 9 (19.57%) 0.05
Female 15 (60%) 10 (40%)

Laterality

Unilateral 12 (85.71%) 2 (14.29%) 0.20
Bilateral 40 (70.18%) 17 (29.82%)

Diagnosis

PCG 49 (76.56%) 15 (23.44%) 0.07
Late-onset PCG 3 (42.85%) 4 (57.14%)

Baseline IOP (mmHg)

< 25 10 (71.43%) 4 (28.57%) 0.23
25–35 10 (76.92%) 3 (23.08%)

> 35 2 (33.03%) 4 (66.67%)

Baseline CDR

< 0.6 (mild) 16 (100%) 0 0.002*
0.6–0.8 (moderate) 20 (74.07%) 7 (25.93%)

>0.8 (severe) 3 (37.50%) 5 (62.50%)

CCT (microns)

≤ 500 16 (80%) 4 (20%) 0.38
501–530 8 (72.73%) 3 (27.27%)

531–600 13 (56.52%) 10 (43.48%)

≥ 601 6 (75%) 2 (25%)

Management

Medical 5 (100%) 0 0.004*
Trab + trab 47 (75.81%) 15 (24.19%)

Trab 0 4 (100%)

Age during first surgery (months)

< 6 22 (70.97%) 9 (29.03%) 1
6–24 22 (73.33%) 8 (26.67%)

> 24 3 (75%) 1 (25%)

Second surgery

None 36 (90%) 4 (10%) < 0.001*
Bleb revision 12 (48%) 13 (52%)

Cataract surgery 3 (100%) 0

Repeat trab 1 (33.33%) 2 (66.67%)

No. of meds in year 1 (2013)

0 28 (73.68%) 10 (26.32%) 0.01*
1 9 (90%) 1 (10%)

2 0 1 (100%)

3 0 2 (100%)

> 3/systemic 0 0

IOP control (Average of 2017–2019)

≤ 12 40 (74.07%) 14 (25.93%) 1
≥ 13 to ≤ 15 10 (71.43%) 4 (28.57%)

≥ 16 to ≤ 18 2 (66.67%) 1 (33.33%)

≥19 0 0

Table 1 (continued)

Parameters Normal VF VF defect+ p value

Last visit IOP (mmHg)

≤ 12 43 (76.79%) 13 (23.21%) 0.12
≥ 13 to ≤ 15 3 (42.86%) 4 (57.14%)

≥ 16 to ≤ 18 5 (71.43%) 2 (28.57%)

≥ 19 0 0

No. of meds last visit

0 29 (74.36%) 10 (25.64%) 0.41
1 18 (69.23%) 8 (30.77%)

2 2 (100%) 0

3 0 1 (100%)

> 3/systemic 0 0

Final CDR

< 0.6 (mild) 33 (86.84%) 5 (13.16%) < 0.001*
0.6–0.8 (moderate) 10 (90.91%) 1 (9.09%)

> 0.8 (severe) 2 (22.22%) 7 (77.78%)

Follow-up duration (years)

≤ 5 2 (50%) 2 (50%) 0.09
6–10 24 (85.71%) 4 (14.29%)

≥ 11 26 (66.67%) 13 (33.33%)

*p value < 0.05, statistically significant

CDR cup-disc ratio, CCT central corneal thickness, IOP intraocular pres-
sure, PCG primary congenital glaucoma, trab trabeculectomy with mito-
mycin-C, trab + trab trabeculotomy + trabeculectomy with mitomycin-C
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with IOPs of < 21 mmHg have been reported to culminate in
poor vision, primarily due to visual field loss, refractive errors,
corneal opacities, amblyopia and lens pathologies [6, 14–20].
This can result in compromised functionality of the child and
their caregivers [9, 21]. This study had a ‘target’ IOP of ≤
15 mmHg, as the mean IOP in children is significantly lower
than that of the adults [22, 23].

A normal visual field is an important component for activ-
ities of daily living, which can get compromised in all glau-
comas. Identification of visual field defects in paediatric glau-
comas is all the more important, to monitor and preserve func-
tion for over a duration of 60–70 years further. Reports on
perimetry in PCG are few at present, and even fewer are those
which studied the causal risk factors [6, 24–29]. This study
assessed the clinical features of PCG, at baseline and over
time, that could be contributory to long-term perimetric
changes and their severity, as apparently stable congenital
glaucomas may worsen anytime [11].

In our study, 27% of eyes had a localized VFD, over a
mean follow-up period of 10 years. The most common scoto-
mas were arcuate, complementing the findings of Robin et al.,
who showed that childhood glaucomas had an initial predilec-
tion for arcuate defects, which expanded further [27]. Morin
and Bryars found that 39.21% of eyes with congenital glau-
coma showed a VFD on tangent screen test and Goldmann
perimetry [6]. Souza et al. identified localized VFD in 37.5%
of eyes with congenital glaucoma onGoldmann perimetry and
found VFD in bilateral congenital glaucomas only, with a
nasal step being most common, followed by arcuate scotomas
[19]. Filho et al. performed Humphrey perimetry in 66 PCG
eyes and found localized VFDs in 22% of early and 44% of
moderate/advanced glaucomas [25]. Sinha et al. performed
Humphrey and Goldmann perimetry on PCG children and
identified a definitive glaucomatous VFD in 41% of the eyes,
with the most common being an arcuate scotoma [24]. Teijeiro
and Dominguez treated children to an IOP of < 16 mmHg and

Table 2 Odds ratio (95% confidence interval) for univariate logistic regression and stepwise multivariable logistic regression analysis to assess risk
factors associated with development of visual field defect

s.no Variables Univariate analysis Multivariable analysis

Odds ratio (95%CI) p value Odds ratio (95%CI) p value

1. Sex

Male Ref Ref

Female 2.74 (0.92–8.08) 0.06 18 (2.01–161.04) 0.01*

2. Baseline IOP

< 25 Ref

25–35 0.75 (0.13–4.25) 0.74

> 35 5 (0.64–39.05) 0.12

3. Medicines in year 1

0 Ref

1 0.31 (0.03–2.77) 0.29

2 1

3 1

4. Final CDR

< 0.6 Ref

0.6–0.8 0.66 (0.06–6.32) 0.71

> 0.8 23.1 (3.7–144.21) 0.001*

5. Second surgery

None Ref

Bleb revision 9.75 (2.66–35.67) 0.001*

Cataract surgery –

Repeat trabeculectomy 18 (1.31–245.58) 0.03*

6. Follow-up years

≤ 5 Ref

6–10 0.16 (0.01–1.54) 0.11

≥ 11 0.50 (0.06–3.96) 0.51

*p value < 0.05, statistically significant. CDR cup-disc ratio, IOP intraocular pressure
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Table 3 Comparison of characteristics between eyes with normal fields and varying severity of VF defects

Parameters Normal VF Mild defect Moderate Severe Very severe p value

Age (years)

≤ 8 11 (91.67%) 0 0 1 (8.33%) 0 0.81
9–12 18 (75%) 1 (4.17%) 0 4 (16.67%) 1 (4.17%)

13 22 (64.71%) 1 (2.94%) 3 (8.82%) 7 (20.9%) 1 (2.94%)

Sex

Male 36 (80%) 1 (2.22%) 2 (4.44%) 5 (11.11%) 1 (2.22%) 0.27

Female 15 (60%) 1 (4%) 1 (4%) 7 (28%) 1 (4%)

Laterality

Unilateral 12 (85.71%) 0 0 2 (14.29%) 0 1
Bilateral 39 (69.64%) 2 (3.57%) 3 (5.36%) 10 (17.86%) 2 (3.57%)

Diagnosis

PCG 48 (76.19%) 2 (3.17%) 2 (3.17%) 10 (15.87%) 1 (1.59%) 0.06

Late onset PCG 3 (42.85%) 0 1 (14.28%) 2 (28.57%) 1 (14.28%)

Baseline IOP (mmHg)

< 25 10 (71.43%) 0 1 (7.14%) 3 (21.43%) 0 0.10
25–35 10 (76.92%) 0 0 3 (23.08%) 0

> 35 2 (33.33%) 0 0 2 (33.33%) 2 (33.33%)

Baseline CDR

< 0.6 (mild) 16 (100%) 0 0 0 0 0.005*
0.6–0.8 (moderate) 19 (73.08%) 1 (3.85%) 1 (3.85%) 5 (19.23%) 0

> 0.8 (severe) 3 (37.50%) 0 1 (12.5%) 2 (25%) 2 (25%)

CCT (microns)

≤ 500 15 (78.95) 0 1 (5.26%) 3 (15.79%) 0 0.92
501–530 8 (72.73%) 1 (9.09%) 0 2 (18.18%) 0

531–600 13 (56.52%) 1 (4.35%) 2 (8.70%) 5 (21.74%) 2 (8.70%)

≥ 601 6 (75%) 0 0 2 (25%) 0

Management

Medical 5 (100%) 0 0 0 0 0.005*
Trab + trab 46 (75.41%) 2 (3.28%) 3 (4.92%) 10 (16.39%) 0

Trab 0 0 0 2 (50%) 2 (50%)

Age during first surgery (months)

< 6 22 (70.97%) 1 (3.23%) 1 (3.23%) 6 (19.35%) 1 (3.23%) 0.52
6–24 22 (73.33%) 1 (3.33%) 2 (6.67%) 5 (16.67%) 0

> 24 2 (66.67%) 0 0 0 1 (33.33%)

Second surgery

None 36 (90%) 1 (2.50%) 2 (5%) 1 (2.50%) 0 0.001*
Bleb revision 12 (48%) 1 (4%) 1 (4%) 9 (36%) 2 (8%)

Cataract surgery 2 (100%) 0 0 0 0

Repeat trab 1 (33.33%) 0 0 2 (66.67%) 0

No. of meds in year 1 (2013)

0 28 (73.68%) 1 (2.63%) 1 (2.63%) 8 (21.05%) 0 0.01*
1 9 (90%) 1 (10%) 0 0 0

2 0 0 0 1 (100%) 0

3 0 0 1 (50%) 1 (50%) 0

> 3/systemic 0 0 0 0 0

IOP control (average of 2017–2019)

≤ 12 39 (73.58%) 2 (3.77%) 2 (3.77%) 9 (16.98%) 1 (1.89%) 0.45
≥ 13 to ≤ 15 10 (71.43%) 0 0 3 (21.43%) 1 (7.14%)

≥ 16 to ≤ 18 2 (66.67%) 0 1 (33.33%) 0 0

≥ 19 0 0 0 0 0
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found VFD in 15.2% [30]. The low occurrence of VFD in
their study and ours could probably be attributed to the lower
‘target’ IOPs.

On analysing putative risk factors for visual field loss, this
study identified three overarching aspects – optic nerve head
damage (both baseline and final), inappropriate IOP and
changes in IOP, and female gender.

A severe baseline glaucomatous neuropathy, CDR > 0.8,
led to VFD in 62.5% of eyes, while a final CDR of > 0.8
was associated with VFD in 77.78% of eyes, and a CDR of
< 0.5 at baseline resulted in no field defects. Therefore, a
baseline grading of the CDR as ≤ 0.5, 0.6 to 0.8 and > 0.8
could be graded as mild, moderate and severe cupping in
PCG eyes.

Ely et al. reported that the preoperative CDR predicted
post-operative RNFL thickness better than the post-
operative ‘reversed and smaller’ CDR [31]. In this study,
eyes with a baseline CDR of ≤ 0.5 showed no VFD at final
review, with a ‘target’ IOP of ≤ 15 mmHg. Meirelles et al.
reported that reversal of cupping was less likely in children
operated at > 1 year of age [13]. Given the possibility of
CDR reversal when PCGs are treated promptly and ade-
quately [13, 32], a baseline or final cup-disc ratio of over
0.8 should be considered as a biomarker for greater
perimetric loss.

Patients undergoing an isolated trabeculectomy with MMC
(without trabeculotomy), requiring ≥ 2 glaucoma medications
in the first year of review and eyes that required a repeat

Fig. 2 Graph showing the severity of visual field defects with respect to ‘baseline’ and last visit/final characteristics. a Intraocular pressure (IOP). bCup-
disc ratio (CDR)

Table 3 (continued)

Parameters Normal VF Mild defect Moderate Severe Very severe p value

Last visit IOP (mmHg)

≤ 12 42 (76.36%) 1 (1.82%) 2 (3.64%) 9 (16.36%) 1 (1.82%) 0.06
≥ 13 to ≤ 15 3 (42.86%) 1 (14.29%) 0 3 (42.86%) 0

≥ 16 to ≤ 18 5 (71.43%) 0 1 (14.29%) 0 1 (14.29%)

≥ 19 0 0 0 0 0

Final CDR

< 0.6 (mild) 33 (86.84%) 0 2 (5.26%) 3 (7.89%) 0 < 0.001*
0.6–0.8 (moderate) 10 (90.91%) 0 0 1 (9.09%) 0

> 0.8 (severe) 1 (12.50%) 0 0 5 (62.50%) 2 (25%)

Follow-up (years)

≤ 5 2 (50%) 0 0 0 2 (50%) 0.012*
6–10 24 (85.71%) 1 (3.57%) 0 3 (10.71%) 0

≥ 11 25 (65.79%) 1 (2.63%) 3 (7.89%) 9 (23.68%) 0

*p value < 0.05, statistically significant

CDR cup-disc ratio, CCT central corneal thickness, IOP intraocular pressure, PCG primary congenital glaucoma, trab trabeculectomy with mitomycin-
C, trab + trab, trabeculotomy + trabeculectomy with mitomycin-C
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trabeculectomy or bleb revision, had a higher risk of develop-
ing a VFD. Though trabeculectomy has been shown to be a
good technique for congenital glaucoma [33], a combined
trabeculotomy + trabeculectomy with MMC could be a better
alternative and reported to be both useful and safe for uncom-
plicated PCGs [34]. A repeat trabeculectomy implies high
IOPs requiring another surgery. After bleb revisions, their
mean IOP was 10.55 ± 2.61 mmHg, which in itself was within
the ‘target’; however, there was a rise from IOPs of 4–
6 mmHg, and this change or fluctuations over time could have
added to the glaucomatous optic neuropathy. Sampaolesi et al.
also reported that congenital glaucomas which required re-
surgeries presented with more severe damage to the optic disc
and visual fields [35].

In this study, at the last follow-up visit, 81% of eyes had an
IOP ≤ 12 mmHg, and 60% of the eyes were free of glaucoma
medications. Patients who required additional glaucoma med-
ications in the early years were significantly more likely to
have a VFD, probably due to the rise of IOP being treated
and possible fluctuations in IOP on medical therapy which is
not easy to administer in children. On keeping the ‘target’ IOP
as ≤ 15 mmHg, the IOP over time did not appear as a risk
factor for the presence or severity of visual field defects.

Our study also found that a longer follow-up of > 5 years
was protective, probably reflecting better compliance and
long-term IOP monitoring and control. Moschos et al. did a
retrospective study on the prognostic factors for paediatric
glaucoma and concluded that late developmental glaucomas
manifested poorer visual and IOP outcomes as compared with
PCG [29]. On the other hand, Sinha et al. reported that PCG
detected at ≤ 1 month of age and a baseline IOP of >
30 mmHg manifested a greater visual field loss [24]. Female
sex was found to be associated with 18 times greater risk of
developing a VFD and the only significant factor on multivar-
iate analysis in this study. The baseline characteristics and
median age at surgery were statistically similar between both
sexes, and the cause for this difference remains unexplained at
present. No other study has reported sex to be a risk factor for
VFD in PCG.

The main limitation of this report is its ambispective de-
sign; however, only those patients with complete review data
were analysed. Also, being from a tertiary referral centre, the
cohort studied represents some of the most severe cases in the
disease spectrum. IOP changes during examinations under
anaesthesia may distort data; however, the protocol used in
this study, sevoflurane induction and use of laryngeal mask
airway without administration of muscle relaxants, is least
likely to cause this effect [36]. Agarwal et al. had compared
manual Goldmann perimetry and automated Humphrey
perimetry in adult patients and concluded that, at a CDR of
≤ 0.8, Goldmann perimetry identified less VFD than the
Humphrey analyser [37]. This could have affected the results
of our study, overlooking defects in eyes with early cupping.

However, the algorithms devised for Humphrey perimetry are
primarily based on an adult normative database and hence
could be inappropriate for children. Assessing perimetry in
children is challenging due to their playfulness and short at-
tention span. Patel et al. studied three different types of
perimetry, the Goldmann, Octopus and Humphrey in children
of 5–15 years of age, and concluded that Goldmann was the
most reliable among the three, especially in children < 9 years
of age [38]. Children could also be encouraged and guided,
and their gaze positions continuously monitored by the ob-
server during testing, to avoid their ‘trigger happy’ nature.

In conclusion, at a ‘target’ IOP of ≤ 15 mmHg, 26.76% of
PCG eyes manifested a VFD over 10 years. Baseline and/or
final CDR > 0.8, necessity for ≥ 2 medications or repeat sur-
gery and female sex were identified as risk factors for devel-
opment and greater severity of glaucomatous VFD. Also, a
baseline grading of the CDR as ≤ 0.5, 0.6 to 0.8 and > 0.8
could be graded as mild, moderate and severe cupping with
regard to later visual field loss in PCG eyes.
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