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IMPORTANCE Glaucoma-related adverse events constitute serious complications of cataract
removal in infancy, yet long-term data on incidence and visual outcome remain lacking.

OBJECTIVE To identify and characterize incident cases of glaucoma and glaucoma-related
adverse events (glaucoma + glaucoma suspect) among children in the Infant Aphakia
Treatment Study (IATS) by the age of 10.5 years and to determine whether these diagnoses
are associated with optic nerve head (ONH) and peripapillary retinal nerve fiber layer (RNFL)
assessment.

DESIGN, SETTING, AND PARTICIPANTS Analysis of a multicenter randomized clinical trial of
114 infants with unilateral congenital cataract who were aged 1 to 6 months at surgery. Data
on long-term glaucoma-related status and outcomes were collected when children were
10.5 years old (July 14, 2015, to July 12, 2019) and analyzed from March 30, 2019, to
August 6, 2019.

INTERVENTIONS Participants were randomized at cataract surgery to either primary
intraocular lens (IOL), or aphakia (contact lens [CL]). Standardized definitions of glaucoma
and glaucoma suspect were created for IATS and applied for surveillance and diagnosis.

MAIN OUTCOMES AND MEASURES Development of glaucoma and glaucoma + glaucoma
suspect in operated-on eyes up to age 10.5 years, plus intraocular pressure, axial length,
RNFL (by optical coherence tomography), and ONH photographs.

RESULTS In Kaplan-Meier analysis, for all study eyes combined (n = 114), risk of glaucoma
after cataract removal rose from 9% (95% CI, 5%-16%) at 1 year, to 17% (95% CI, 11%-25%)
at 5 years, to 22% (95% CI, 16%-31%) at 10 years. The risk of glaucoma plus glaucoma
suspect diagnosis after cataract removal rose from 12% (95% CI, 7%-20%) at 1 year, to 31%
(95% CI, 24%-41%) at 5 years, to 40% (95% CI, 32%-50%) at 10 years. Risk of glaucoma and
glaucoma plus glaucoma suspect diagnosis at 10 years was not significantly different between
treatment groups. Eyes with glaucoma (compared with eyes with glaucoma suspect or
neither) had longer axial length but relatively preserved RNFL and similar ONH appearance
and visual acuity at age 10 years.

CONCLUSIONS AND RELEVANCE Risk of glaucoma-related adverse events continues to increase
with longer follow-up of children following unilateral cataract removal in infancy and is not
associated with primary IOL implantation. Development of glaucoma (or glaucoma suspect)
after removal of unilateral congenital cataract was not associated with worse visual acuity
outcomes at 10 years.
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G laucoma is a well-documented and serious complica-
tion after childhood cataract removal, with reported
frequency and risk factors for glaucoma and glau-

coma suspect varying by study population, definition, and
follow-up time, in a variety of retrospective1-12 and several pro-
spective studies.13-18 The Infant Aphakia Treatment Study
(IATS), a multicenter, randomized, controlled clinical trial spon-
sored by the National Eye Institute, compared outcomes of
surgery for unilateral cataract with or without primary intra-
ocular lens (IOL) implantation in infants between ages 1 and
6 months.17-23

The effect of primary IOL implantation at cataract sur-
gery in very young children has been difficult to evaluate,
owing largely to the paucity of randomized trials. Five-year
results of IATS18 found similar rates of glaucoma-related ad-
verse events with and without primary IOL implantation, as
did a randomized trial of primary IOL vs aphakia for bilateral
cataracts operated on in children younger than 2 years.14 To
our knowledge, longer-term rates and outcomes of glaucoma-
related adverse events following cataract surgery in infants
randomized to primary IOL or aphakia are lacking.

Optic nerve head (ONH) photographs are an established
means of evaluating for glaucomatous damage.24 Spectral-
domain optical coherence tomography (SD-OCT) has proven
invaluable for evaluating and treating adults with glaucoma
and can even predict among those with glaucoma suspect those
eyes at higher risk for developing visual field loss.25,26 In chil-
dren, peripapillary retinal nerve fiber layer thickness (RNFL)
assessed by SD-OCT27 has been shown to be effective in dif-
ferentiating between normal and glaucomatous eyes.28,29

In this study, we report 10-year results of the develop-
ment of glaucoma-related adverse events in IATS partici-
pants, considering original treatment group (primary IOL vs
contact lens [CL]) and previously identified risk factors, as
well as ONH health (RNFL by SD-OCT and masked reading of
ONH photographs).

Methods
The IATS design, eligibility criteria, surgical technique, fol-
low-up schedule, patching and optical correction regimens,
evaluation methods, and patient characteristics at baseline
have been previously reported.19 This study was approved by
each participating site’s institutional review board, and writ-
ten informed consent was obtained for each participating child.
The definitions for glaucoma, glaucoma suspect, and glau-
coma-related adverse events (glaucoma + glaucoma suspect)
were established and applied, as previously reported (eTable 1
in the Supplement),17,18 and management was at treating phy-
sician’s discretion. The originally designed IATS study con-
cluded 5 years following cataract removal. No IATS visits oc-
curred between ages 5 years and 10 years, other than standard
of care determined by the treating physicians.

Funding and approval were obtained to recall children en-
rolled into IATS for a detailed follow-up examination at a mean
(SD) age of 10.5 years (3 months) (hereafter referred to as the
10-year examination, meaning approximately 10 years after

cataract removal). Spectral-domain OCT RNFL imaging and
ONH photography were performed; all ONH photographs
were graded in a standardized fashion by 3 expert examiners
(eAppendix; eFigures 5 and 6 in the Supplement). Informa-
tion on statistical analysis can also be found in the eAppen-
dix in the Supplement. A significance level of .05 was used in
statistical inference-making, except where otherwise stated,
and hypothesis tests were 2-sided.

Results
Development of Glaucoma
The IATS randomized 114 infants (57 each to CL and IOL):
110 (96.5%) completed clinical examination at age 10.5 years
(mean [SD] age 10.6 [0.3] years; n = 55 for each group), with
mean postsurgical follow-up of 10.4 years (range, 9.3-11.5);
2 participants in each group were lost to follow-up. Details of
the 10.5-year testing times, CONSORT diagram for recruit-
ment, and visual acuity results19 have been published. Glau-
coma status at the 10-year examination was available for
106 participants (55 IOL and 51 CL).

By the 10-year examination, 25 eyes (23%) had devel-
oped glaucoma, and 21 eyes (20%) had glaucoma suspect (46
eyes total [43%] glaucoma + glaucoma suspect). The CL group
had 13 eyes (25%) with glaucoma and 13 (25%) were glaucoma
suspects. The IOL group had 12 eyes (22%) with glaucoma, and
8 (15%) were glaucoma suspect (Figure 1).

Of the 5 new glaucoma cases that were detected between
the 5-year and the 10-year examinations, 4 were previously
glaucoma suspect, and 1 was normal. There were 9 new glau-
coma suspect cases at the 10-year follow-up (Figure 1).

In Kaplan-Meier analysis, for all study eyes combined, risk
of glaucoma after cataract removal rose from 9% (95% CI,
5%-16%) at 1 year to 17% (95% CI, 11%-25%) at 5 years to 22%
(95% CI, 16%-31%) at 10 years (Figure 2A). The risk of glau-
coma + glaucoma suspect diagnosis after cataract removal
rose from 12% (95% CI, 7%-20%) at 1 year to 31% (95% CI,
24%-41%) at 5 years to 40% (95% CI, 32%-50%) at 10 years
(Figure 2B).

Key Points
Question What is the 10-year cumulative incidence of glaucoma
and glaucoma suspect after removal of unilateral cataract in
infancy in the Infant Aphakic Treatment Study, and how is the
retinal nerve fiber layer and optic nerve head appearance
affected?

Findings In this secondary analysis of a randomized clinical trial,
risk of glaucoma and glaucoma plus glaucoma suspect diagnosis
at 10 years rose to 22% and 40%, respectively, with no difference
between treatment groups (primary intraocular lens vs aphakia).
Eyes with glaucoma (vs glaucoma suspects or neither) had
relatively preserved retinal nerve fiber layer, similar optic nerve
head appearance, and visual acuity.

Meaning The results of this study support the need for lifelong
surveillance for glaucoma and glaucoma-related events following
cataract removal in infancy.
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Kaplan-Meier curves for developing glaucoma after cata-
ract removal were not significantly different between the CL
and IOL treatment groups (Figure 3A) (hazard ratio [HR], 1.0;
95% CI, 0.5-2.3; P = .94), with the 10-year risk in the CL and
IOL groups at 23% (95% CI, 14%-37%) and 21% (95% CI, 13%-
35%), respectively. Kaplan-Meier curves for developing glau-
coma + glaucoma suspect diagnosis after cataract removal were
also not significantly different between the treatment groups
(Figure 3B) (HR, 1.3; 95% CI, 0.7-2.4; P= .36), with the 10-year
risk in the CL and IOL groups at 46% (95% CI, 34%-60%) and
36% (95% CI, 25%-50%), respectively.

Influence of Baseline Characteristics
of Enrolled Children/Study Eyes
The associations between glaucoma at the 10-year examina-
tion and treatment group (CL vs IOL), age at surgery (age ≤48
days vs >48 days), persistent fetal vasculature, corneal diam-
eter (≤10 mm vs >10 mm), and intraocular pressure (IOP)
(≥12 mm Hg vs <12 mm Hg) at baseline were examined using
a multivariable proportional hazards regression model. After
controlling for age, the other terms were not significant. The
risk of glaucoma was greater for younger age at surgery (ad-
justed HR, 3.2; 95% CI, 1.2-8.2) (eTable 2 in the Supplement).

Figure 1. Number of IATS Participants Diagnosed as Having Glaucoma, Glaucoma Suspect, or Normal at 1, 5, and 10 Years After Surgery
in the Intraocular Lens (IOL) and Contact Lens (CL) Groups
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Arrows indicate the number of participants with changes in status from 1 point
to the next. Where there is more than 1 number in a box, the leftmost number is
the number of participants whose status did not change from the previous

point, and number that is added represents changes in status from the previous
point to the current point.

Figure 2. Kaplan-Meier Curves Showing Cumulative Probability of Glaucoma (A) and Glaucoma + Glaucoma Suspect (B)
vs Time (in Years) Since Cataract Surgery for 114 Study Participants
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CI, 16%-31%) for glaucoma and 40% (95% CI, 32%-50%) for glaucoma +
glaucoma suspect.
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The risk of glaucoma + glaucoma suspect was greater for
smaller corneal diameter at surgery (adjusted HR, 2.0; 95% CI,
1.1-3.8) (eTable 2 in the Supplement).

Glaucoma Characteristics, Treatment, and Outcomes
Diagnostic Criteria for Diagnosis
The glaucoma and glaucoma suspect diagnoses at 10 years were
PI determined via application of rigorous definitions. Among
the 5 eyes newly diagnosed as having glaucoma between the
5-year and the 10-year examinations, 3 showed IOP greater
than 21 mm Hg with optic nerve head changes, and 2 had glau-
coma surgery. Among the 9 eyes diagnosed as glaucoma
suspect between the 5-year and 10-year examinations, all
reported IOP greater than 21 mm Hg and 2 were receiving glau-
coma medications.

Glaucoma Treatment
At the 10-year examination, 12 of 25 (48%) eyes with glaucoma
wereinpatientsreportedlytakingglaucomamedications,aswere
9 eyes with glaucoma suspect diagnosis (of 18 with available in-
formation). Between the 5-year and 10-year examinations, 4 eyes
had glaucoma surgery. Of 25 eyes with glaucoma by the 10-year
examination,11eyesunderwentglaucomasurgery,cumulatively;
7 (64%) required a single surgery. Glaucoma surgical procedures
performed (eTable 3 in the Supplement) included trabeculotomy,
glaucoma drainage implant, endocyclophotocoagulation, trab-
eculectomy, and peripheral iridectomy. A single eye with pre-
sumed angle-closure glaucoma (after surgical iridectomy) devel-
oped retinal detachment and ultimately phthisis bulbi prior to
the 5-year examination.18

Glaucoma and Ocular Parameters at the 10-Year Follow-up
There were no significant differences in mean (SD) IOP of eyes
diagnosed as having glaucoma (n = 25; 19.0 [5.9] mm Hg), glau-

coma suspect (n = 20; 19.5 [4.2] mm Hg), and with neither
diagnosis (n = 60; 16.9 [3.7] mm Hg) (eFigure 1 in the Supple-
ment). Mean (SD) axial length for eyes with glaucoma (n = 22),
glaucoma suspect (n = 19), and neither diagnosis (n = 60) was
24.8 (2.4), 23.3 (1.9), and 22.8 (2.2) mm, respectively. Eyes with
glaucoma were significantly longer than those with neither
diagnosis (95% Tukey-Kramer–adjusted CI, 0.7-3.3 mm); mean
axial lengths were similar for glaucoma vs glaucoma suspect
and glaucoma suspect vs neither diagnosis (eFigure 2 in the
Supplement).

Glaucoma Status and Secondary IOL
There was no association between secondary IOL placement
and glaucoma status (eAppendix in the Supplement).

Glaucoma Status and Visual Acuity and Refraction
Median visual acuity at the 10-year examination in eyes with
glaucoma was 0.9 logMAR (Snellen equivalent 20/160;
n = 25, interquartile range [IQR], 0.1-2.9); in eyes with glau-
coma suspect was 0.9 (n = 19; IQR, 0.2-1.7); and in normal
eyes was also 0.9 (n = 60; IQR, 0-2.7). For the entire treated
cohort at 10 years, median visual acuity was 0.55 logMAR
(Snellen equivalent 20/70; n = 50; IQR, 0.2-1.5) when age
at surgery was 28 to 48 days vs 1.1 logMAR (Snellen equiva-
lent 20/250; n = 58; IQR, 0.7-1.4) for older age at surgery
(P = .03). Mean refraction was similar between eyes with
glaucoma, glaucoma suspect, or neither (eAppendix and
eFigure 3 in the Supplement).

Optic Nerve Head Imaging
Optical coherence tomography peripapillary RNFL imaging was
attempted for every patient at the 10-year examination, ob-
tained in 97 of 110 (88.2%), and adequate for reading in 75
treated and 85 fellow eyes. Among treated eyes with readable

Figure 3. Kaplan-Meier Curves Showing the Cumulative Probability of Glaucoma (A) and Glaucoma + Glaucoma Suspect (B) vs Time (in Years)
Since Cataract Surgery for the Contact Lens (CL) and Intraocular Lens (IOL) Groups (57 Participants in Each Group)
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suspect was 46% (95% CI, 34%-60%) for the CL group and 36% (95% CI,
25%-50%) for the IOL group.
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images, there was no significant difference (P = .08 in overall
mean RNFL for eyes with glaucoma [n = 15], glaucoma sus-
pect [n = 13], or neither [n = 44]: mean [SD] 93.3 [18.1] μm;
range, 55-128; 104.2 [12.7] μm; range, 87-126; and 103.5 [15.4]
μm; range, 63-145; respectively) (Table); quadrant and sec-
toral RNFL thickness were not significantly different. Paired
(fellow vs treated eyes) differences in OCT RNFL thickness were
examined and stratified by glaucoma, glaucoma suspect, and
neither categories; no statistically significant differences were
found (eTable 4 in the Supplement). There were 12 cases where
the glaucomatous eye had thinner RNFL compared with the
fellow eye (individual data not shown); one representative case
is detailed (eFigure 4A and B in the Supplement).

Optic nerve head photographs were obtained in 104 of
110 treated eyes (95%); 94 were adequate for grading (3 of 3
graders agreed in 91 cases). Of ONH photographs graded, 82
of 94 (87%) were classified as “normal,” with agreement in
3 of 3 readers for 79 of these 82 eyes (96%); 7 of 94 (7%) were
classified as glaucoma suspect (3 of 3 graders agreed in all
7 cases); and 5 of 94 (5%) were classified as glaucoma (3 grad-
ers agreed on 4 eyes; 1 grader found the remaining eye imaging
inadequate).

There was slight/fair agreement between the clinical
diagnoses of glaucoma/glaucoma suspect/neither by IATS
criteria vs the diagnosis made based on ONH reading (κ, 0.29;
95% CI, 0.12-0.46) (eTable 5 in the Supplement). While 58 of
60 eyes (97%) that were normal (neither glaucoma nor glau-
coma suspect by IATS clinical criteria) had ONH photographs
graded normal, only 2 of 15 eyes (13%) with clinical glaucoma
suspect diagnosis had matching ONH grading (the rest being
read as normal), and 4 of 19 eyes (21%) with clinical glaucoma
diagnosis had matching ONH grading (with 4 of 19 suspect and
11 of 19 normal). Because ONH photographs were not avail-
able prior to the 10-year examination, information on ONH
cupping reversal in eyes whose elevated IOP was successfully
controlled is unavailable.

Among 20 eyes with glaucoma (by IATS criteria) and ad-
equate ONH photographs, RNFL imaging was available for 13.
There was no difference in RNFL parameters for ONH photo-

graphs graded as glaucoma vs glaucoma suspect vs neither
(eTable 6 in the Supplement; representative case Figure 4A
and B).

Discussion
Glaucoma developed in the operated-on eyes of 25 of 110
infants (23%) with unilateral cataract enrolled in the IATS by
age 10.5 years; an additional 21 eyes were glaucoma suspects,
for a total 46 operated-on eyes (40%) with glaucoma + glau-
coma suspect diagnosis. The risk of developing glaucoma rose
similarly in both CL and IOL groups between 5 and 10 years
after cataract surgery, as did the risk of glaucoma + glaucoma
suspect diagnosis. Because the IATS protocol required IOP
assessment only at the 1-year examination under anesthesia
and the 4-year, 4.5-year, or 5-year visits and again at the
10-year visit, the IATS protocol precludes any comment on
the annualized rate of conversion to glaucoma suspect and
glaucoma among treated eyes.

Five-year follow-up from the only other randomized clini-
cal trial of primary IOL vs aphakia, in this case for bilateral con-
genital cataracts removed before age 2 years, using similar di-
agnostic criteria,14 found similar rates of glaucoma between
the pseudophakic and aphakic eyes (16% vs 14%, respec-
tively), with most having cataract surgery at younger than
6 months, and most cases occurring in the first year follow-
ing surgery. We are not aware of any other prospective study
with 10-year follow-up that also used uniform definitions of
glaucoma and glaucoma suspect and that randomized eyes
receiving primary IOL implantation vs remaining aphakic.

The question of whether primary IOL implantation af-
fects the risk of glaucoma or glaucoma suspect development
following cataract removal in infancy has been addressed by
many retrospective studies1-12,30-34 and some prospective but
nonrandomized studies,13,15,16 all subject to some degree of
selection bias. The IATS, by virtue of its random assignment,
prospective design, and excellent participant retention rate,
lacks the corresponding bias of prior nonrandomized studies.19

Table. Retinal Nerve Fiber Layer Optical Coherence Tomography Quality and Thickness Measurements
vs 10-Year Glaucoma Status

RNFL (quality
and thickness)

P value
comparing
group meansa

Mean (SD) [range]
Glaucoma
(n = 15)

Glaucoma suspect
(n = 13)

Neither
(n = 44)

Image quality,
1-40 dB

.77 28.0 (5.9)
[20.0-40.0]

27.0 (6.9)
[15.0-37.0]

26.7 (5.9) [14.0-37.0]

Overall, μm .08 93.3 (18.1)
[55.0-128.0]

104.2 (12.7)
[87.0-126.0]

103.5 (15.4)
[63.0-145.0]

Nasal, μm .80 74.8 (18.4)
[36.0-103.0]

76.4 (22.6)
[45.0-113.0]

79.1 (20.4) [42.0-129.0]

Nasal inferior, μm .06 96.3 (27.5)
[56.0-153.0]

105.7 (32.3)
[55.0-161.0]

121.8 (41.1)
[63.0-274.0]

Nasal superior, μm .36 100.1 (31.9)
[39.0-159.0]

111.8 (29.8)
[71.0-150.0]

113.2 (30.3) [56.0-195.0]

Temporal, μm .08 75.1 (16.6)
[52.0-107.0]

87.8 (15.4)
[68.0-115.0]

78.7 (14.9) [55.0-118.0]

Temporal
inferior, μm

.20 133.1 (33.1)
[68.0-191.0]

147.5 (28.8)
[66.0-192.0]

147.1 (23.5)
[100.0-206.0]

Temporal
superior, μm

.08 117.2 (33.4)
[43.0-177.0]

136.5 (23.3)
[82.0-169.0]

134.1 (24.8)
[83.0-187.0]

Abbreviation: RNFL, retinal nerve
fiber layer.
a For each RNFL measurement,

a 1-way fixed-effects analysis of
variance F test was performed to
compare the 3 group means.
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As we reported at 1-year and 5-year follow-up times,17,18 we
now report similar but rising rates of glaucoma and glau-
coma + glaucoma suspect diagnoses in each treatment group
(IOL vs CL) at 10 years following surgery. In their prospective
randomized study of primary IOL placement vs aphakia (for
bilateral congenital cataracts), Vasavada et al14 similarly noted
no difference in glaucoma cases between groups, at 1 year or
5 years after cataract removal.

Standard definitions of glaucoma and glaucoma suspect
were developed and uniformly applied for surveillance and di-
agnosis of eyes within the IATS, with the former requiring not
only elevated IOP but also associated structural changes in the
infant eye or need for glaucoma surgery.17,18 The definitions
of glaucoma and glaucoma suspect developed for IATS17 were
adopted by the international consensus group.35

Among various risk factors previously evaluated for
the development of glaucoma following cataract surgery
in children, young age at surgery has been frequently
identified.11,12,14,15,32,36 Younger patient age at surgery (ages
28-48 days vs 49-210 days) was also noted as a risk factor
for the development of a glaucoma-related adverse event in
the IATS at 1 year and 5 years following cataract removal17,18;
in multivariate analysis, it remains the strongest and only
independent risk factor for glaucoma 10 years after surgery.
For development of any glaucoma-related adverse event at
10 years, small corneal diameter at surgery, closely related to
age at surgery,18 emerged as the only risk factor. Secondary
IOL was not significantly associated with glaucoma-related
adverse events in the CL group at 10 years, although num-
bers were small, and there may be selection bias favoring the
group of eyes that did receive secondary IOL surgery.

While there was a wide range of visual acuity outcomes
at 10 years in the IATS,23 mean visual acuity was similar among
eyes with glaucoma, glaucoma suspect, and neither diagno-
sis. As was the case at 5 years,37 those children having earlier
vs later surgery (28-48 vs 49-210 days) had better median acu-

ity. Therefore, the desire to achieve maximum visual acuity
must be counterbalanced against an increased risk of glau-
coma or glaucoma suspect diagnosis in an infant with a uni-
lateral congenital cataract.

Eyes diagnosed with glaucoma at 10 years after cataract
removal in the IATS had longer axial lengths than those with
glaucoma suspect or neither diagnosis (in keeping with the
requirement for anatomic changes for glaucoma diagnosis),
but similar IOP, refraction, and visual acuity. Ours is the only
prospective study of glaucoma-related adverse events follow-
ing cataract surgery in infancy that included an attempt to
evaluate the optic nerve status with OCT and masked grading
of ONH photographs at the 10-year examination. Despite their
age, adequate OCT imaging was not achieved in all treated or
fellow eyes of participants. Perhaps reassuringly, the mean
global RNFL thickness was similar among eyes with glau-
coma, glaucoma suspect, and neither diagnosis, suggesting ad-
equate glaucoma treatment to date. Pairwise comparison be-
tween treated and fellow eyes by glaucoma category did not
yield meaningful differences. While there was excellent agree-
ment among 3 masked graders of ONH photographs, most OHN
photographs appeared normal even in eyes with the clinical
IATS definitions of glaucoma and glaucoma suspect, again sug-
gesting (along with similar 10-year mean IOP among glau-
coma, suspect, and normal eyes) either reversal of cupping
in eyes with glaucoma or adequate treatment to maintain
a healthy-appearing ONH by photography. While ONH cup-
ping reversal commonly occurs following IOP control in
childhood glaucoma, glaucomatous damage to RNFL does not
recover; therefore, the relatively normal RNFL in most glau-
comatous eyes in IATS supports good glaucoma control.38

While the IATS did not dictate clinical management of glau-
coma following cataract surgery, it is interesting to note that
by 10 years, glaucoma surgery had been performed in 11 of 25
eyes (48%) with glaucoma (7 requiring a single surgery by the
10-year examination). Trabeculotomy was the most com-

Figure 4. Examples of Optic Nerve Head (ONH) Images for the Treated (A) and Fellow Eye (B)
of the Same Infant Aphakia Treatment Study (IATS) Participants Whose ONH Optical Coherence
Tomography Images Are Shown in eFigure 4A and B in the Supplement

Treated eyeA Fellow eyeB

The treated eye was diagnosed as
having glaucoma based both on the
IATS criteria (eTable 1 in the
Supplement) and ONH imaging, while
the fellow eye was graded as normal
(neither glaucomatous nor glaucoma
suspect). The peripapillary retinal
nerve fiber layer for the ONH of the
treated eye (eFigure 4A in the
Supplement) was 105 μm; the
peripapillary RNFL for the ONH of
the fellow eye (eFigure 4B in the
Supplement) was 117 μm.
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monly performed glaucoma surgery, followed by glaucoma
drainage device implantation. One eye lost light perception
(owing to retinal detachment prior to the 5-year report).18 Oth-
ers have reported varying rates of glaucoma surgery for glau-
coma following cataract surgery,14,39,40 likely influenced by
patient characteristics and follow-up times. Medication use
was reported in approximately 50% of eyes with glaucoma or
glaucoma suspect at the 10-year examination.

Limitations
Limitations of this study include the relatively small sample
size of the cohort (reducing power to adequately assess some
factors), lack of study-related treatment protocols for glau-
coma-related adverse events, and lack of required study fol-
low-up between 5 and 10 years. We cannot suggest a mecha-
nism for glaucoma-related adverse events nor make treatment
recommendations. Additionally, we cannot comment about
glaucoma-related adverse event risk in children older than
6 months at surgery, although a 2019 retrospective study41

addressed this issue and reported a much lower rate of glau-
coma (no cases of glaucoma and 4% incidence of glaucoma sus-
pect by 5 years).41 Similarly, while the IATS included only those
with unilateral cataract, Vasavada et al14 report similar find-
ings in a bilateral cohort with shorter follow-up.14 Finally, we
can only report on the risk of developing glaucoma-related
adverse events up to age 10.5 years; this risk would likely in-
crease with longer follow-up. This study’s strengths include
its prospective design with randomization to primary IOL im-

plantation vs aphakia, standardized definitions of glaucoma
and glaucoma suspect, long-term follow-up with excellent re-
tention, and incorporation of anatomic features of ONH health
including OCT and photography.

Conclusions
Risk of glaucoma-related adverse events continues to rise
with longer follow-up of children following unilateral cata-
ract removal in infancy and is not influenced by primary IOL
implantation. Development of glaucoma (or glaucoma sus-
pect) did not significantly affect visual acuity outcomes at
10 years after removal of unilateral congenital cataract. The
RNFL and ONH photographic appearance (with good agree-
ment among 3 expert masked graders) was relatively well
preserved in eyes with glaucoma and glaucoma suspect
diagnoses.

While it is clear that the risk of glaucoma and glau-
coma + glaucoma suspect (with strict application of uniform
definitions for both diagnoses) continues to rise over time af-
ter removal of unilateral cataract in infancy, we cannot pre-
dict, based on our data, whether some of these treated eyes
will ultimately avoid developing glaucoma or glaucoma sus-
pect. Lifelong surveillance for the development of glaucoma-
related adverse events remains important, with the hope that
early diagnosis and treatment may facilitate preservation of
ONH health and maximal visual function.
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