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Abstract
Aim To evaluate refractive outcomes of cataract surgery with intraocular lens (IOL) implantation in operated eyes of
primary congenital glaucoma (PCG).
Design A retrospective case—control study.
Methods Patients of PCG who developed cataract following trabeculectomy with trabeculotomy were recruited. Pre-
operative biometry was recorded and refractive outcomes of the patients in terms of spherical equivalent (SE) and prediction
error were noted at 3 and at 12 months following surgery. The refractive outcomes were compared with non-glaucomatous
eyes of children in similar age group who underwent lens aspiration with IOL implantation (controls).
Results The median age of the children with PCG (n= 31) at the time of cataract surgery was 60 months, similar to controls
(n= 29); 48 months (p= 0.3). The SE in PCG eyes at 12 months was comparable to controls (p= 0.18). The prediction
error (postoperative SE− predicted SE) at 3 months (p= 0.018) and at 12 months (p= 0.03) among PCG eyes was higher
and more myopic compared with controls. The range of prediction error at 12 months in PCG eyes was − 8.6 to+ 5.8 D
(median− 2.0 D), whereas in controls it was − 4.2 to+ 6.3 D (median+ 0.5 D). For each mmHg intraocular pressure (IOP)
increase there was 0.42 mm increase in axial length among PCG eyes and a 0.24 mm increase among controls (p < 0.001).
Conclusions After IOL implantation there was a greater prediction error and a greater myopic shift among PCG eyes. Eyes
of children with PCG are more prone to refractive surprises as their axial length changes are more sensitive to IOP
fluctuation.

Introduction

Primary congenital glaucoma (PCG) is uncommon with
prevalence varying in different populations [1–3]. Different
surgical options are used to treat PCG depending on the
severity and choice of the surgeon [4, 5]. Glaucoma surgery
increases the incidence of cataract formation. Among adults,
glaucoma surgery is associated with greater incidence of
cataractogenesis compared with medical treatment [6, 7].

However, there are no studies that have evaluated the inci-
dence of cataract formation after surgical treatment of PCG.

Once cataract develops in a child operated for PCG,
cataract surgery has its own set of challenges, different from
eyes of children without glaucoma. One of the challenges is
obtaining desirable refractive outcomes post cataract sur-
gery with intraocular lens (IOL) implantation in these eyes.
To the best of our knowledge, no studies have reported
refractive outcomes in PCG eyes after IOL implantation.
We thus aimed to evaluate the refractive outcomes of cat-
aract surgery and IOL implantation in PCG eyes that had
developed cataract after a combined trabeculotomy and
trabeculectomy.

Patients and methods

This was a retrospective case–control study. The study was
conducted after approval from our Institutional Ethics
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Committee. The study conformed to the tenets of the
Declaration of Helsinki. A total of 31 eyes of PCG with
controlled intraocular pressure (IOP; < 21 mmHg with or
without topical medication as measured under general
anaesthesia using Perkins tonometer) after filtering surgery
(combined trabeculotomy with trabeculectomy) who
underwent a lens aspiration with posterior chamber IOL
implantation were included in our study as cases and 29
eyes of congenital cataract who had undergone lens
aspiration with IOL implantation during the same period
were included as controls. All surgeries performed by a
single surgeon (SK), from Jan 2010 to Jan 2015, were
reviewed. The predicted (calculated) and actual refractive
outcomes of the patients in terms of spherical equivalent
(SE) and lens power prediction error were noted at 3 and at
12 months following surgery. The refractive outcomes were
compared with non-glaucomatous eyes of children in
similar age group who underwent lens aspiration with IOL
implantation (controls).

Inclusion criteria (PCG eyes)

● Patients with successful trabeculectomy with trabeculot-
omy, in the past, who underwent lens aspiration with IOL
implantation for a visually significant cataract. A visually
significant cataract was considered when the lens opacity
covered the entire undilated portion of the pupil.

● A minimum duration of 3 months between filtering
surgery and cataract surgery.

● Patients aged 10 yrs or less.

Exclusion criteria (PCG eyes)

● Failed filters (those in whom IOP was ≥ 21 mmHg
despite topical anti glaucoma therapy or those with an
increase in their axial length, corneal diameter or
worsening of cup disc ratio over past 6 months).

● Eyes with media opacity that precluded refraction.
● Eyes operated for secondary causes of congenital

glaucoma.

Inclusion criteria (controls)

● Patients < 10 years of age who underwent lens aspiration
with IOL implantation for a visually significant
congenital cataract.

Exclusion criteria (controls)

● Traumatic cataract.
● Complicated cataract.
● Cataracts associated with congenital rubella, retinopathy

of prematurity (ROP) or primary hyperplastic posterior
vitreous (PHPV).

Preoperative/intra-operative ocular biometry was recor-
ded. The Sanders-Retzlaff-Kraff (SRK) II formula was used
for IOL power calculation and proposed IOL power
reduction was based on the surgeon’s experience
(Suppl Table).

The patients underwent lens aspiration and implantation
of a foldable hydrophobic acrylic multi-piece IOL (Acrysof
MA60AC, Alcon Laboratories, USA), into the capsular bag
with optic capture through the posterior capsulorrhexis
followed by standard postoperative care. Posterior capsu-
lorrhexis was performed in all eyes and was combined with
a limited anterior vitrectomy in children < 8 years of age.

One eye of each child was analysed. If the child had been
operated in both eyes for cataract surgery, the right eye was
selected for the study. Preoperative records were analysed to
look for the position of Haab’s striae and the refractive error
before the cataract surgery.

Data collected included age at the time of cataract sur-
gery, preoperative/intra-operative axial length, keratometry
(using a portable keratometer) and IOP. During follow-up
examination under anaesthesia (EUA) at 3 months, and
12 months following parameters were assessed: refraction,
Perkins’ applanation tonometry, an A scan Ultrasound
measurement of axial length, keratometry and indirect
ophthalmoscopy for fundus examination. Children who
were found to have increased IOP postoperatively under-
went EUA more frequently to monitor their IOP and Bio-
metric parameters.

Refraction was performed using hand held auto refractor
(Nikon Corporation, Tokyo Japan) and rechecked with
manual retinoscopy at each visit. The SE of the refractive
error was taken by adding half of the cylinder to the sphere.
Prediction error was calculated as the difference of the
predicted from the actual SE (postoperative/actual SE−
predicted/calculated SE). We used SPSS version 20 (IBM,
Somers, New York, USA) for statistical analysis.

Results

The demographic and preoperative clinical details of the
PCG and control eyes are given in Table 1. There was a
male preponderance among the PCG group. The median
age of PCG patients was greater than controls by
12 months, though the difference was not significant (p=
0.3). The PCG eyes also had greater axial length (AL),
flatter corneal curvature and greater corneal diameters
compared with controls. Before the cataract surgery the
refractive error (SE) was the following: 14 eyes had a
myopia > 3 D, 10 eyes had myopia between 1 and 3 D and 7
eyes were hyperopic upto 3 D.

In PCG eyes, the average AL increased from 25 ± 2.36
mm to 26.4 ± 2.1 mm (p < 0.001) at 12 months while there
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was no significant change in the average keratometry; from
40.4 ± 3.3 D to 40.2 ± 3.1 D (p= 0.1). Even in the control
eyes there was an increase in AL over 12 months; 21.85 ±
1.58 mm to 22 ± 1.4 mm (p= 0.007) but no change in
keratometry was noted; 43.95 ± 2.14 D to 43.8 ± 2.3 D (p=
0.12). All PCG eyes were noted to have Haab’s striae, The
position of the Haab’s striae was central (involving the
pupil) in 6 of the 31 eyes, whereas in the other eyes they
were away from the central zone of the pupil.

To assess the effect of age at surgery on the refractive
error, the PCG and control eyes were divided into those < 2
years, 2–8 years and those above 8 years. The SE at 3 and
12 months among PCG eyes and controls in different age
groups is shown in Fig. 1a, b. The median SE in PCG eyes
at 12 months was+ 0.25 D comparable to controls; + 1.2 D
(Mann–Whitney U= 286, p= 0.18). The average under
correction of the implanted IOL among controls was + 6.2
± 1.8 D, + 2.8 ± 2 D and+ 1 ± 0.5 D for < 2 years age, 2–8
years age and > 8 years age group, respectively. The aver-
age under correction of the implanted IOL among PCG eyes
was + 2.1 ± 2 D, + 1.7 ± 1.2 D and + 1.1 ± 1 D for < 2
years age, 2–8 years age and > 8 years age group, respec-
tively. The surgeon under correction for PCG eyes was
expectedly lower as these eyes have larger Axial Lengths
making the IOL power lower and the under correction lower
(Suppl Table) in comparison with control eyes that have
proportionately smaller (albeit normal) axial lengths.

Table 1 Demographic,
preoperative and postoperative
clinical characteristics of PCG
and control eyes

PCG (n= 31) Controls(n= 29) P value

Demographic and preoperative
characteristics

Gender (M:F) 27:4 12:17 0.001

Mean age at cataract surgery ± SD (months) 59.9 ± 43.6 48.1 ± 34.2

Median age at cataract surgery in months
(range)

60 (10–168) 48 (8–112) 0.3*

Avg corneal diameter (mm) 13.51 ± 1.14 11.35 ± 0.73 0.036

Avg axial length (mm) 25 ± 2.36 21.85 ± 1.58 0.027

Avg keratometry (D) 40.4 ± 3.3 43.95 ± 2.14 0.029

Avg intraocular pressure (mmHg) 14.54 ± 4.53 10.75 ± 1.55 0.01

Avg cup disc ratio 0.7 ± 0.23 0.3 ± 0.11 0.005

Postoperative characteristics

Avg intraocular pressure at 3 months
(mmHg)

15.5 ± 8.3 12.6 ± 2.5 0.01

Spherical equivalent (3 months); median
(range)

+ 1.5 D (+ 3 to+ 0.5
D)

3.1 D (+ 8.5–0 D) 0.055*

Spherical equivalent (12 months); median
(range)

+ 0.25 D (+ 1.5 to −
2.5 D)

+ 1.2 D (+ 6.5 to − 0.5
D)

0.18*

Prediction error (3 months); median (range) + 0.2 D (+ 4 to − 6 D) + 2 D (+ 6 TO − 2.5
D)

0.018*

Prediction error (12 months); median
(range)

− 2 D(− 8.6 to+ 5.8
D)

+ 0.5 D (− 4.2 to+ 6.3
D)

0.03*

*Using Mann–Whitney test

Fig. 1 a Spherical equivalent (SE) at 3 and 12 months in different age
groups among controls. Figure 1b among PCG eyes
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The prediction error (postoperative SE− predicted SE) at
3 months (U= 290, p= 0.018) and at 12 months (U= 243,
p= 0.03) among PCG eyes had a greater disparity and was
more myopic compared with controls (Fig. 2). At 12 months
after surgery, the range of prediction error (postoperative
SE− predicted SE) in control group was − 4.6 D to+ 3.3 D
(median:+ 0.5 D) and in PCG eyes was − 8.6 D to+ 5 D
(median− 2.0 D).

The absolute prediction error (irrespective of myopia/
hyperopia) was categorised as < 1 D, 1–3 D and > 3 D. We
aimed to look for the proportion of eyes having prediction
errors in these categories in the two groups. At 12 months
postoperatively, the proportion of eyes showing refractive
errors > 3 D were more in PCG eyes than controls
(p= 0.01) as shown in Fig. 3. The proportion of eyes
showing a refractive surprise > 3 D was not different
between the group that had central Haab’s striae (n= 6)
compared with those that were away (n= 25) from the
pupillary zone (p= 0.56). To look for whether the pre-
operative refractive error was associated with the post-
operative outcomes, we divided those with a preoperative
refractive error > 3 D (n= 14) and those with less < 3 D
(n= 17). The ones that showed a refractive surprise were
not different from those that did in terms of the pre-
operative refractive error (p= 0.9).

The refractive surprise for all eyes (cases and controls)
was plotted as a function of IOP (Fig. 4). The preoperative
IOP was plotted against postoperative IOP. The circles
represented the refractive error (small and large) of the
individual cases. We found that the eyes with greater
refractive surprise (larger circles, ≥ 3 D) were more fre-
quently seen when IOP was increased postoperatively
(lying above the intersecting/oblique line). The post-
operative rise in IOP was managed medically.

In our study, controls had 0.34 mm/year increment in
axial length in age group below 2 years, 0.26 mm/year in
age group 2–8 years and minimal or no growth in age group
above 8 years. Among PCG eyes increase in AL below 2
years was 1.48 mm per year, 1.27 mm per year in age group
2–8 years and 0.82 mm per year in those > 8 years old. The
change in AL at 12 months from the preoperative values
was calculated and divided by the change in IOP during the
same period for both controls and PCG eyes. We found that,
for each mmHg of IOP increase in PCG eyes there was a
0.42 mm increase in axial length and a 0.24 mm increase
among controls overall (p < 0.001).

Fig. 2 Mean prediction error (postoperative SE minus the predicted
SE) over time, among PCG eyes and controls

Fig. 3 Categories of absolute prediction error (postoperative SE minus
the predicted SE) at 12 months among PCG eyes and controls

Fig. 4 Refractive error as a function of IOP for all eyes. The larger
circles represent refractive errors ≥ 3 D. Most larger circles are seen to
lie above the intersecting line indicating that refractive error is higher if
IOP rises post cataract surgery
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Discussion

The eyes of children grow throughout childhood and have
the greatest changes within the first 2 years of life.
Recognising the nonlinear growth patterns of children’s
eyes, cataract surgery with choosing the best lens implant
power for children is fraught with difficulty. This is espe-
cially so in eyes with PCG having poor pressure control,
resulting in changes in axial length and changes in refrac-
tion. With the above stated, when children’s eyes with
glaucoma require cataract surgery and lens implant, selec-
tion of the optimal lens power may be very challenging. To
address these issues, we studied a group of children under
10 years of age who had had glaucoma surgery and
developed cataracts and compared them with a control
group of children with cataracts but without glaucoma. Our
goal was to investigate the changes in the refractive error by
analysing the ‘prediction error’. The prediction error was
the difference in the calculated IOL power as determined by
the SRK II formula and compare results with the actual
refraction achieved at 3 months and 12 months following
surgery. We categorized three age groups, under 2 years, 2–
8 years and > 8 years, for comparison between the cases and
controls. In this study, we also tried to clarify issues of
growth of the eyes and changes in refraction encountered in
eyes with glaucoma and to offer some guidelines to assist in
choosing the optimal IOL power in children who have PCG
and cataracts in the first decade of life.

In PCG eyes, after surgery for IOP control, the AL sta-
bilises, if the IOP is controlled or may even reduce, which
results in variation in refraction with time [8, 9]. This has
also been shown among adults after filtering surgery [10–
12]. However, after cataract surgery, as we have shown, the
AL can grow and compound the changing refractive errors
in these children.

In our study, the prediction error was significantly more
among PCG eyes that also had greater variability in their
refractive error compared with the control eyes. The pro-
portion of eyes showing a prediction error of 3 D or more at
12 months was higher among the PCG eyes in comparison
with controls. There could be many factors contributing to
this including, inaccurate AL measurement on ultrasound,
lesser under correction, greater astigmatism in these eyes
because of irregularity of cornea due to Haab’s striae, and a
rapid eye growth. The IOL power to be implanted in a child
needs careful consideration. It is difficult to decide about
residual refractive error to be left after cataract surgery in
children because the blur induced postoperatively may
affect the growth of the eye which in turn may lead to
myopic shifts in pseudophakic eyes of children. Some
surgeons are recently targeting emmetropia after surgery at
all ages beyond infancy to counteract amblyopia, but the
risk of large myopic shift later in life remains [13].

However, most surgeons aim for hypermetropia up to 8–10
years of age, as large myopic shifts are known especially in
children < 2 years of age [14, 15]. Different studies provide
different guidelines for IOL power reduction depending
upon the age of the child and axial length. To counteract the
residual refractive error in children piggyback implantable
collamer lenses have recently been proposed [16]. Enyedi
et al. [17] provided an appropriate algorithm for under
correction depending on the child’s age. In our study, we
modified Enyedi’s under correction algorithm, based on the
surgeons (SK) experience and used the same for deciding
the IOL power in PCG eyes and those with congenital
cataract. The under correction protocol we used, like that
described by Enyedi, was based on the age of the child but
differed in that we provided an under correction propor-
tionate to the IOL power calculated and a gradation of under
correction in those < 2 years where the eye growth in
maximally expected unlike Enyedi’s under correction that
changed only by 1 D from 1 to 2 years of age.

We also found greater myopic shift among PCG eyes.
This could be owing to many reasons including an increase
in axial length seen among the PCG eyes. Axial length
measurement in PCG eyes is important because on one hand
it explains the amount of myopic shift, on the other it
subserves to monitor the progression of glaucoma in chil-
dren. In our study, the axial length grew significantly more
over the study duration of 12 months in PCG eyes com-
pared with controls. This was especially so in PCG children
< 8 years of age. We believe that apart from loss of IOP
control this could be owing to greater visual deprivation in
PCG eyes leading to a greater increase in axial length [18–
21]. It is also known that the contralateral eye tends to
increase in AL if the other eye has greater AL, which could
also be a factor in PCG eyes [22]. The eye growth among
PCG eyes in our study after IOL implantation was higher
than reported by Gordon et al. [23] among healthy children.
Although most studies have shown that axial length change
occurs by 8–10 years, it has been noticed even up to 15
years of age [14, 15].

The axial length in PCG eyes was found to increase more
than controls in our study despite the fact that the PCG
children were on an average older than controls. We found
in this study that the axial length of PCG eyes was more
sensitive to changes in IOP, that changed significantly more
than control eyes, a factor that needs consideration while
calculating IOL power. Eyes with higher postoperative IOP
showed greater refractive surprise. It is known that increase
in IOP can lead to increase in axial length and vice versa
[24]. This may be more pronounced in myopic eyes with
low scleral rigidity. It is known that highly myopic eyes are
more affected by changes in IOP [25].

We used SRK II formula for IOL power calculation in
both PCG eyes and congenital cataract eyes. No formula

546 S. Khokhar et al.



has been proven to be perfect predictor of exact IOL power
in paediatric age group, but different studies have shown
that Hoffer Q formula is more accurate for short eyes ( < 22
mm) and Holladay2 formula is considered optimal for long
eyes (> 26 mm) [26–29]. Both these formulas need anterior
chamber depth (ACD) values for IOL power calculation. As
we did not have intra-operative ACD measurement, we used
the SRK II regression formula, which has also been shown
to be reasonably accurate for eyes with longer axial length
[30, 17].

One of the problems of IOL implantation in PCG eyes
with large axial lengths and a stretched capsular bag is IOL
decentration [31]. Significant IOL decentration was not
noted in any of the eyes in our series, as we performed an
optic capture with a multi-piece IOL. Other complications
known to occur in PCG eyes are, rise in IOP that was seen
in a few and managed with topical glaucoma therapy.
Retinal detachment is another complication, which occurs
with greater frequency among PCG eyes especially after
cataract surgery [32] though it was not seen in our study
eyes during the 12-month evaluation.

A major limitation of the study is its retrospective nature
and the fact that many ophthalmologists were involved in
examining these children over time. However, all IOL
implantations were performed by the same surgeon using
the same IOL correction based on his experience. Another
limitation of the study was our inability to measure the
anterior chamber depth intra operatively, which could be
important, as it is known that eyes with PCG have a deeper
anterior chamber. This can alter the effective lens position
and the final refractive outcome in these eyes.

In conclusion this study shows that the refractive error
after IOL implantation in PCG eyes is more prone to change
toward myopia and hence greater preoperative under cor-
rection may be desirable in these eyes. Long-term pro-
spective studies are needed to evaluate changes in refractive
outcomes with time, as also to evaluate the predictors for
refractive outcomes in PCG eyes.

Summary

What was known before

● Studies among adults show that there is a higher
incidence of cataract surgery among eyes that have
undergone filtering surgery.

● The refractive outcomes of such eyes after IOL
implantation are different from those that have not
undergone previous filtering surgery.

● However, there is no study that has evaluated
refractive outcomes of children with PCG that under-
went cataract surgery with IOL implantation after
filtering surgery.

What this study adds

● There is a greater myopic shift in eyes with PCG that
undergo lens aspiration with IOL implantation and the
refractive outcomes are more unpredictable compared
with children operated for congenital cataract alone.
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