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Evaluation of visual field changes with retinal nerve fiber layer thickness in

primary congenital glaucoma

Anand Naik, Ramanjit Sihota’, Karthikeyan Mahalingam, Dewang Angmo, Tanuj Dada, Ajay Kumar,

Ashok Kumar, Amisha Gupta

Purpose: To evaluate visual field changes in primary congenital glaucoma (PCG) with retinal nerve fiber
layer thickness on optical coherence tomography. Methods: In this cross-sectional, observational study,
consecutive PCG children who underwent combined trabeculotomy with trabeculectomy and on regular
follow-up were enrolled. All patients were aged over four years and co-operative for RNFL OCT and
visual field examination. Perimetry was done on Humphrey visual field (HVF) analyzer using 30-2 and
10-2 SITA standard algorithms as appropriate. If a reliable automated perimetry was not feasible, kinetic
perimetry was done. The following were noted at baseline and every follow-up: age, sex, visual acuity,
intraocular pressure (IOP), cup—disc ratio (CDR), corneal diameters, refraction, any topical antiglaucoma
medications, surgeries underwent, age at surgery and duration between surgery and final examination.
Results: Forty-eight eyes of 34 children operated for PCG and 19 eyes of 17 controls were analyzed.
A statistically significant thinner average RNFL thickness of 87.2 + 28 um was noted in PCG eyes as
compared to controls with 100.6 + 7.2 um (P = 0.04). The mean cup-disc area ratio on OCT in PCG eyes
was 0.43 + 0.2 (0.02-0.93) and in control eyes was 0.23 + 0.07 (0.1-0.4) (P < 0.001). On RNFL OCT, there
was significant focal RNFL loss in temporal superior (P = 0.003), nasal inferior (P = 0.037) and temporal
inferior (P < 0.001) quadrants compared to controls. Among PCG eyes, 20/48 eyes (41.7%), had definitive,
reproducible glaucomatous VF defects. Mean baseline IOP in PCG eyes with VF defect was 28.7 + 5.7 mmHg
and in eyes with normal VF was 24.6 + 5.9 mmHg (P = 0.03). On univariate regression analysis, higher
baseline IOP was significantly associated with both RNFL loss (odds ratio (OR): —2.17) and VF defects (OR:
3.35). Fluctuation in follow-up IOP (OR: 3.33) was also significantly associated with the presence of VF
defects. On multivariable regression analysis maximum, IOP was significantly associated with RNFL loss
and VF defects. Conclusion: Peripapillary RNFL thickness could be used to identify PCG eyes having
visual field loss and possibly poor visual function from PCG eyes without visual field defects. Baseline and
follow-up IOP, significantly correlated with RNFL thickness in PCG eyes.
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Primary congenital glaucoma (PCG) is a genetically
associated, developmental disorder which results in
significant visual morbidity in children with an incidence
of 1 in 10,000 to 1 in 68,000 live births in Caucasians to 1 in
3300 live births in Indians.? It is the cause of 4.2% of all
childhood blindness in a population-based study in southern
India.” Due to the early age of presentation, clinical diagnosis
is based on the presence of blepharospasm, photophobia,
lacrimation, enlarged corneal diameters, glaucomatous optic
atrophy and Haab’s striae. Glaucoma surgeries can now
lower intraocular pressure (IOP) significantly; however,
there are many factors that determine final visual function
like baseline glaucomatous optic neuropathy, high myopia,
corneal complications and amblyopia.l'*5! Gusson et al.l
reported the occurrence of optic nerve damage, cup—disc
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ratio >0.5, to be 36.4% in neonatal glaucoma and 68.8% in
infantile glaucoma eyes.

In childhood glaucoma, monitoring visual function and
IOP is required from presentation, though therapy with
surgery and or medications and lifelong follow-up are
required. However, in young children, identifying the extent
of visual field loss or continued progression of glaucomatous
loss is currently not possible by perimetry, even though it
is imperative for appropriately adjusting target IOP and for
further management. Several studies have shown structural
and functional abnormalities with time domain optical
coherence tomography (TD-OCT),”"'% spectral domain
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OCTM-13 and visual field (VF) in older children, some
similar to adults.' The introduction of handheld OCT during
examination under anesthesia or in younger children who can
fix during an OCT examination could provide an objective
evaluation, if parameters associated with visual field loss are
known."!

To the best of our knowledge, no study in literature has
compared the OCT parameters with visual field loss in young
children with PCG.

This study compared retinal nerve fiber layer (RNFL) OCT
and perimetry in previously operated PCG eyes with age and
refraction matched controls, and further evaluated RNFL
values in PCG eyes with glaucomatous visual field defects and
those without defects. RNFL OCT was also correlated with
pre- and post-filtration surgery clinical parameters.

Methods

This was a cross-sectional observational study at a tertiary
ophthalmic hospital, after obtaining Institute Ethics Committee
approval. It adhered to the tenets of the Declaration of Helsinki.
Consecutive PCG patients aged over four years, being reviewed
after undergoing combined trabeculotomy with trabeculectomy,
were enrolled. PCG had been diagnosed based on clinical
features proposed by the Childhood Glaucoma Research
Network (CGRN). Clinical characteristics of presentation in
infancy or early childhood (<3 years) with IOP >21 mmHg
or with signs of IOP-driven ocular anatomical changes was
noted on examination under anesthesia (Haab’s striae, corneal
diameter >11 mm in newborn, >12 mm in infants, >13 mm at
any age and glaucomatous optic disc) in the absence of other
ocular and systemic abnormalities. Controls having a similar
refractive status and age were recruited from among children
presenting for routine ocular examinations. PCG children who
were cooperative for OCT and visual field examination during
the period June 2020 to July 2021 were included in the study.
Patients uncooperative for spectral domain optical coherence
tomography (SD-OCT) and Humphrey visual field imaging,
those with poor fixation or unreliable visual fields, having other
ocular diseases except refractive error or not willing to give
consent for the study were excluded. Written informed consent
was obtained from all parents or guardians, as applicable.

Age at surgery, duration between surgery and final
examination, and the number of antiglaucoma medications
and surgeries undertaken for PCG eyes were noted. On
every visit, visual acuity, IOP, cup-disc ratio (CDR), corneal
diameters, refraction and any topical antiglaucoma medications
being used were noted. Age at examination, sex, baseline IOP,
baseline corneal diameters, baseline CDR, maximum and
minimum follow-up IOP, mean and fluctuation follow-up
IOP (defined as 1 standard deviation of the IOP at all visits),
final BCVA and final refraction were recorded. During
examination under anesthesia, IOP was measured with Perkin’s
handheld tonometer, and the horizontal corneal diameter was
measured with Castroviejo calipers. Clinically optic nerve head
evaluation (ONH) was done with the help of a direct or indirect
ophthalmoscope. For older children, IOP was measured with
Goldmann applanation tonometer on follow-up visits. Final
BCVA was recorded using a Snellen chart and converted to log
minimum ang]le of resolution (logMAR) units. Final refraction
was noted as spherical equivalent.

All eyes underwent OCT using SPECTRALIS®
SD-OCT (Heidelberg Engineering, Heidelberg, Germany) after
dilating the eyes with 0.1% tropicamide eye drops. A minimum
of two consecutive examinations with scan quality >20
was obtained. To obtain RNFL thickness measurements,
a circular scan of 3.5 mm was centered on the ONH. An
inbuilt software (version 1.10.2.0, Heidelberg Engineering,
Heidelberg, Germany) divided the disc into four symmetrical
90° quadrants (superior S, nasal N, inferior I, temporal
T) and averaged them to provide total average thickness.
Additionally, superior and inferior quadrants were divided
in 45° sectors (temporal superior or TS, nasal superior or NS,
nasal inferior or NI and temporal inferior or TI, respectively).

Perimetry was done on Humphrey Visual Field analyzer (Carl
Zeiss Meditec, Dublin, CA, USA) using 30-2 and 10-2 SITA
standard algorithms as appropriate. Perimetry was considered
reliable when false positives were <20%, false negatives <33%
and fixation losses <20%. If a reliable automated perimetry
was not obtained, kinetic perimetry (Goldmann perimeter,
Haag- Streit model 940-K7, Bern, Switzerland) was done by a
single experienced technician.

Statistical analysis

Numerical data was entered in Microsoft Excel version 16.6.5,
and IBM Statistical Package for the Social Sciences (SPSS)
version 23 (SPSS, Inc., Chicago, IL) was used for analysis.
Normality of the data was tested with Kolmogorov-Smirnov
test. Parametric numerical data were recorded as mean and
standard deviation, while median and range were calculated
for non-parametric data. As both eyes of the patients were
taken for analysis, to eliminate bias, a generalized estimating
equation (GEE) model was used to assess the difference of the
baseline characteristics between PCG eyes and normal eyes,
and in PCG eyes with VF defect and PCG eyes with normal
VE. A P value <0.05 was considered significant.

Results

Forty-eight eyes of 34 patients (24 boys and 10 girls) operated for
PCG and 19 eyes of 17 age and refraction matched controls, (9
boys and 8 girls), were analyzed. A combined trabeculotomy
and trabeculectomy by a single surgeon (RS) was done for all
PCG eyes at a mean age of 24.8 + 69 (range 0.4-408) months, with
a follow-up period of 143.2 + 61.8, (36-324) months. Minimum
and mean time period to enroll after surgery was 3 and 11 years,
respectively. Baseline IOP in 8 PCG children and baseline CDR in
4 children could not be assessed because of corneal irregularities
and haze during initial examination at the time of surgery.
Baseline IOP, baseline CDR and baseline corneal diameters were
statistically significantly different between PCG eyes and control
eyes at review, (P < 0.001). Baseline IOP in PCG patients was
26.3 +6.17 (12-40) mmHg, while at review in the control group, it
was15.26+0.3 (12-20) mmHg. The corneal diameter at last review
in PCG patients was 13.5+0.96 (10.5-15) mm and in controls was
11.7 + 0.6 (11-13) mm. Maximum follow-up IOP in PCG eyes
was 19.37 + 6.7 (10-44) mmHg and mean follow-up IOP was
12 +3.4 (6.38-20.5) mmHg. One topical antiglaucoma medication
was required in 11 PCG eyes, two medications in 6 eyes and three
medications in 2 eyes. Two eyes needed a repeat trabeculectomy.

At the time of review, best corrected visual acuity in PCG
eyes was 0.38 + 0.3 (0.0-1.08), significantly lower than controls
measuring 0.04 + 0.09 (0.0-0.3) (P <0.001).
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On OCT, average RNFL thickness was 87.2 + 28.1
(86-157) um, in PCG eyes as compared to controls measuring
100.6 £7.2 (84-112) um (P =0.04). The average RNFL thickness
was >100 um in all control eyes. The mean cup-disc area
ratio on OCT in PCG eyes was 0.43 + 0.2 (0.02-0.93) and in
control eyes was 0.23 + 0.07 (0.1-0.4) (P < 0.001). There was a
significant focal RNFL loss in temporal superior (P = 0.003),
nasal inferior (P = 0.037) and temporal inferior (P < 0.001)
quadrants between PCG and control eyes.

Among PCG eyes, 20/48 (41.7%) had definitive, reproducible
glaucomatous visual field defects, while in the rest, perimetry
was within normal limits. Out of 48 eyes, 23 eyes had
produced reliable visual fields on automated perimetry with
mean deviation (MD) and pattern standard deviation (PSD)
of — 8.27 + 10.8 and 3.6 + 3.15, respectively. The minimum
and mean age to produce reliable visual fields on automated
perimetry was 7 and 15 years, respectively. The visual fields
of the remaining 25 eyes were captured on kinetic perimetry.
Tschopp et al."¥l showed us that seven- and eight-year-old
children provided reliable visual fields. Mean baseline IOP in
PCG eyes with visual field (VF) defect was 28.7 + 5.7 mmHg
and in eyes with normal VF was 24.6 + 5.9 mmHg (P = 0.03).
PCG eyes with VF defect had a lower final visual acuity than
PCG eyes with normal fields (P < 0.001). PCG eyes with VF
defects were also significantly more myopic than PCG eyes
with normal VF (P = 0.03). Age at surgery, duration since
surgery and age at review were comparable between PCG
eyes with normal VF and PCG eyes with VF loss (P = 0.21,
P =0.28, and P = 0.13, respectively). Minimum and mean
time period to enroll after surgery was three and eleven
years, respectively. Baseline CDR and corneal diameters
were comparable in PCG eyes with normal VF versus PCG
eyes with VF defects (P = 0.31, P = 0.31, respectively). Also
maximum, minimum, mean and fluctuation follow-up IOP
were comparable between PCG eyes with normal VF and PCG
eyes with VF defect (P =0.15, P =0.33, P=0.81, and P = 0.16,
respectively) [Table 1].

On OCT, there was a significantly greater RNFL loss in TS,
TI and NI quadrants in PCG eyes with VF defect compared to
PCG eyes with normal VF (P <0.001). Average RNFL was also
significantly thinner in PCG eyes with VF defect compared to
PCG eyes with normal VF (P <0.001).

On univariate regression analysis, this study found that
higher baseline IOP was significantly associated with both
RNFL loss on OCT (OR: —2.17, 95% CI: -1.67~(-0.08), P < 0.03)
and VF defects on perimetry (OR: 3.35, 95% CI: 0.04 ~ 0.17,
P < 0.001). Fluctuation in follow-up IOP (OR: 3.33, 95% CI:
0.17 ~0.69, P <0.001) was also significantly associated with the
presence of VF defects. On multivariable regression analysis
maximum follow-up IOP, mean follow-up IOP and median
follow-up IOP were significantly associated with RNFL loss
and VF defects.

The mean RNFL thickness of each quadrant of OCT between
control eyes, PCG eyes with normal VF and PCG eyes with VF
defect were compared [Fig. 1]. A scatter plot of average RNFL
thickness showed a negative relationship with baseline IOP,
median follow-up IOP and cup-disc area among the three
groups: controls, PCG eyes with normal VF, and PCG eyes
with VF defect [Fig. 2].

Table 1: Comparison of parameters between primary
congenital glaucoma having normal visual field versus
those with glaucomatous field loss

Parameter PCG eyes with PCG eyes P
normal VF with VF loss
Age at examination 149.57+67 194+97.2 0.13
(months) (60-348) (48-516)
Age at 14.5+42 39.3+94 .4 0.21
surgery (months) (0.4-228) (1-408)
Duration between 135+57.9 154.7+66.6 0.28
surgery and (54-324) (36-324)
examination (months)
Baseline 24.6+5.9 28.7£5.7 0.03
IOP (mm Hg) (12-38) (16-40)
Baseline CDR 0.54+0.2 0.59+0.2 0.319
(0.1-1) (0.1-0.9)
Baseline Corneal 13.2+1 13.6+0.7 0.317
diameter (mm) (10.5-15) (12-15)
Maximum follow up 18.2+5.8 20.9+7.6 0.15
IOP (mm Hg) (10-34) (12-44)
Minimum follow up 6.64+2.9 6.4+2 0.33
IOP (mm Hg) (2-12) (2-10)
Mean follow up 11.8+£3.4 12.4+3.4 0.81
IOP (mm Hg) (6.38-18.9) (7.46-20.46)
Fluctuation 3.2+1.5 3.8+1.9 0.16
IOP (mm Hg) (0.96-8.8) (1.38-9.83)
Final visual 0.25+0.3 0.57+0.3 <0.001
acuity (log MAR) (0.0-1.08) (0.0-1.08)
Final refraction (in -1.44x2 -2.97+3 0.03
Diopters) (-7.25 to+2.5) (-6.5 to+6.5)
RNFL average (um) 93.4+22 78.5+£33.6 <0.001
(45-146) (36-157)
TS RNFL (um) 123.5+30.4 92.7+45 <0.001
(52-183) (30-165)
NS RNFL (pm) 115.2+41.5 86.2+49 0.009
(0-186) (27-195)
NASAL (um) 72.3+22.6 69.6+33.2 0.73
(19-113) (25-156)
NI RNFL (um) 109+37.3 81+38.5 0.001
(10-119) (3-135)
TI RNFL (um) 121.7+27.4 89+42.8 <0.001
(51-188) (15-146)
Temporal (um) 66.4+15.8 58.7+11.2 0.04
(36-119) (44-95)
Cup/disc ratio 0.39+0.19 0.49+0.3 0.02
(0.06-0.76) (0.02-0.93)

VF, Visual field; PCG, Primary congenital glaucoma; RNFL, Retinal nerve
fiber layer; NI, Nasal inferior; Tl, Temporal inferior; NS, Nasal superior;
TS, Temporal superior. Significant P values shown in bold numbers

The association between pattern of visual field defect
and mean RNFL thickness in corresponding quadrants was
evaluated. Among 20 PCG eyes with VF defect, there were
6 eyes (30%) having a superior nasal step, 2 eyes (10%) a
superior arcuate, 2 eyes (10%) an inferior nasal step, 1 eye (5%)
an inferior arcuate, 4 (20%) eyes a double arcuate and 5 (25%)
eyes an advanced VF defect. The mean RNFL thickness in
corresponding quadrants is detailed in Table 2.
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Table 2: Association between pattern of visual field defect and RNFL thickness

Pattern of VF defect

Number of patients

Polar RNFL loss (pm) in PCG group

Control RNFL thickness (pm)

Superior
Nasal step 6 NI TI NI TI
96 (89-120) 112 (87-127) 119.26+24 142+15.3
Arcuate 2 89 (68,110) 90 (66,114) (64-154) (112-170)
Inferior
Nasal step 2 NS TS NS TS
32 (29,35) 39 (39,39) 120+17.2 138.5+14.2
Arcuate 1 100 103 (78-165) (112-161)
Double arcuate 4 NI+TI+NS+TS NI+TI+NS+TS
90+17.1 130+17.6
Advanced VF defect 5 Avg. RNFL Avg. RNFL
57.2+20.3 100.63+7.2
(43-93) (84-112)

VF, Visual field; RNFL, Retinal nerve fiber layer; NI, Nasal inferior; Tl, Temporal inferior; NS, Nasal superior; TS, Temporal superior
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Discussion

PCGis diagnosed clinically at an early age, when imaging of the
posterior segment and functional evaluation of vision is generally
not possible. This study compared RNFL OCT and perimetry in
previously operated PCG eyes with age- and refraction-matched
controls, and further evaluated RNFL values in PCG eyes with
glaucomatous VF defects and those without defects.

The average RNFL thickness was thinner (87.2+28.1 um) in
PCG eyes as compared to 100.6 +7.2 um in control eyes (P <0.04).
As similar demonstration by Parikh RS et al.” in a pilot study
of 201 eyes, there was decrease in average RNFL thickness with
increase in age. PCG children were significantly (P < 0.004)
older (168.13 + 83) than normal subjects (105.5 + 22). They
further stated that the RNFL thickness was about to decline
after twenty years of age but here, in our study, average age
of the PCG children was fourteen years only. Hence, this
significantly reduced RNFL thickness in operated PCG eyes
was associated with higher baseline IOP and inter-visit IOP
fluctuation in this study. Hsia et al.m" found these two factors
responsible for structural progression on OCT in PCG eyes
over time as well. A mean RNFL thickness of 100 um, with the
superior and inferior quadrant being thickest, was recorded
by Srinivasan ef al."? in south Indian normal children. Yanni
et al.® noted a mean global RNFL thickness of 107.6 um, and
Hong et al.”"! 107.7 um in normal children. The mean RNFL
thickness of different quadrants of control eyes in our study was
comparable with those of previously recorded values in normal
children® and Indian adult eyes.'>"! Our study found that
the peripapillary RNFL thickness had a double-hump pattern
following the inferior > superior > nasal > temporal (ISNT)
rule, while Leung et al.[®! observed a decrease of RNFL
thickness from superior to inferior to temporal to nasal (SITN).
Morales-Fernandez et al.?* found that segmented macular layer
analysis on SD-OCT shows a good capacity to discriminate
between normal and glaucomatous eyes. Nieves-Moreno
et al.® found that inner macular layers thickness and cpRNFL
thickness show a good correlation with the mean deviation of
the visual field in children with primary congenital glaucoma.

Superotemporal, inferotemporal and inferonasal quadrants
had significantly reduced RNFL thickness in operated PCG
eyes compared to normal healthy eyes in this study, with other
studies also showing an asymmetrical loss of RNFL thickness
in children.”! Lever et al.* reported that parapapillary RNFL
thickness was decreased in the superior, nasal, and inferior
quadrants of childhood glaucoma patients compared to healthy
controls. Srinivasan et al.'”! reported a concentric decrease in
RNFL thickness and NRR, suggested to be because of diffuse
loss in PCG eyes. Our study found that average RNFL thickness
showed a negative relationship with cup-disc area among the
three groups, namely, controls, PCG eyes with normal VF, and
PCG eyes with VF defect. Amanda L Ely et al.' also recorded
a negative relationship between increased ONH cupping and
average postoperative RNFL thickness. Operated PCG eyes
in our study had significantly reduced final visual acuity as
compared to normal eyes, also noted by other studies./*12#]
Dahlman-Noor ef al.*®! noted a reduced functional visual
ability (FVA) in children with glaucoma.

Regarding the comparison of PCG eyes having VF defects
and PCG eyes having a VF within normal limits in this study,

there was a significantly higher baseline IOP noted in PCG
eyes with VF defect than PCG eyes with normal VF. A higher
baseline IOP could cause irreversible damage to the ONH,
and such eyes were likely to have VF defects even when
all follow-up IOP parameters were within target range. On
regression analysis, this study found that higher baseline
IOP, increased fluctuation of follow-up IOP, and higher
follow-up IOP were significantly associated with RNFL
loss and functional VF defects. On multivariable regression
analysis, Hsia et al.'"! found that only inter-visit fluctuation
IOP was significantly associated with OCT progression and
higher average IOP was associated with VF progression. Our
study found that RNFL loss was significantly different in all
quadrants except nasal between PCG eyes with VF defects and
PCG eyes with normal VFs. A similar pattern of RNFL loss was
noted by Lever et al.® in a comparison of glaucoma patients
and normal subjects, where they found the highest correlation
of glaucoma with inferior quadrant and temporal inferior sector
peripapillary RNFL loss, and found that SD-OCT-derived
PRNFL and macular thickness measurements seem highly
valuable for the diagnosis of pediatric glaucoma, but the
discriminative ability was moderate.

Limitations of this study were the small number of eyes
studied as cases and controls, and their variable baseline and
follow-up clinical features. There were very few eyes with
each pattern of VF loss, so that corresponding ranges of RNFL
thickness at which a VF defect could be expected could not be
statistically evaluated. Based on its cross-sectional nature, the
study has failed to judge the progression of the disease in PCG
eyes with RNFL OCT. Therefore, studies with larger sample
size and longer follow-up are needed to judge the definite
progression of the disease based on RNFL OCT, when visual
fields are either unreliable or fails to show the progression.

Conclusion

In conclusion, peripapillary RNFL thickness could be used to
identify PCG eyes having VF loss and possibly poor visual
function, from PCG eyes without visual field defects. Baseline
IOP and IOP on follow-up significantly correlated with RNFL
thickness in PCG eyes.
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