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Abstract

Purpose To analyze the intraoperative challenges of
cataract surgery in children, following glaucoma fil-
tering surgery.

Methods This was a retrospective study to analyze
intra-op challenges and outcomes of pediatric cata-
ract surgery in post-glaucoma filtration surgery eyes,
between January 2007 and December 2019.

Results We included 20 eyes of 16 children. The
most common glaucoma surgery performed was trab-
eculectomy and trabeculotomy (14 eyes). The median
age at the time of cataract surgery was 74.5 months.
The most common cataract surgery performed was
lens aspiration with posterior chamber intraocular
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lens implantation (LA +PCIOL) (9/20). The most
common intraoperative challenge faced was difficulty
in capsulorrhexis (ten eyes), followed by extension
of primary posterior capsulotomy (six eyes). At the
final follow up eight eyes had improvement in visual
acuity, five eyes had stable visual acuity and five eyes
had a drop in visual acuity. In 12/20 eyes IOL was
implanted, nine eyes in-the-bag and three eyes had
in ciliary sulcus. None of the IOLs in the bag had
decentration of IOL. The median postoperative IOP
(p=0.12) and median number of postoperative AGM
(»p=0.13) at 2 years remained stable compared to the
preoperative values. The IOP remained well con-
trolled in 4 eyes without anti-glaucoma medications
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and in 14 eyes with anti-glaucoma medications and
none needed additional surgery for IOP control. Two
eyes developed retinal detachment postoperatively.
Conclusion Cataract surgery in pediatric eyes with
prior glaucoma surgeries, have challenges with capsu-
lorrhexis and IOL stability. The visual outcomes were
reasonably good so was the IOP control.

Keywords Intraoperative - Pediatric glaucoma -
Cataract surgery - Glaucoma filtering surgery

Introduction

Pediatric cataract surgery has certain unique chal-
lenges like a collapsible sclera due to low scleral
rigidity, an elastic capsule making capsulorrexis
challenging and the technical proficiency required
in doing the posterior capsulotomy and anterior vit-
rectomy. The complexity increases in eyes following
glaucoma filtration surgery. These eyes with hazy
cornea, stretched limbus, deep anterior chamber along
with lax capsular bag make it inherently challenging
with a higher rate of intraoperative and postoperative
complications. Besides, intraocular lens (IOL) stabil-
ity during and after cataract surgery in buphthalmic
eyes is a matter of concern [1, 2].

Although the precise reason for cataract devel-
opment following glaucoma filtering surgery is not
known, it does accelerate cataract formation [3]. Tra-
beculectomy is known to increase the risk of cata-
ract formation by eightfold [4]. The shallow anterior
chamber post glaucoma filtering surgery, topical ster-
oid use, and inflammation in the post-operative period
may contribute to early cataract formation [4, 5].

Sukhija and associates in a smaller series have
reported IOL decentration during the post-operative
period in two of the eight eyes with posterior capsu-
lotomy [1]. However, in a larger series by the same
group, they advise posterior capsulotomy to prevent
visual axis opacification that would need additional
surgery [6].

Our study delves the intraoperative challenges pri-
marily and looks at visual outcomes and intraocular
pressure (IOP control) as secondary outcome meas-
ures following pediatric cataract surgery in eyes with
previous glaucoma filtration surgery.
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Methods

This was a retrospective study to analyze intra-op
challenges and outcomes of cataract surgery in eyes
of children following glaucoma filtration surgery,
between January 2007 and December 2019. As per
Institute protocol all patients sign a consent form
allowing access to clinical data and photographs if
any for research and presentations. Ethics committee
approval was taken. The demographic data collected
included age at cataract surgery, gender, number of
glaucoma surgeries, glaucoma diagnosis, and cata-
ract surgery details. All children underwent a detailed
ophthalmic examination. Corneal haze if present was
graded as per the grading suggested by Tandon and
associates as follows: grade 0- no corneal haze, 1-
iris details seen, 2- pupil margin visible, iris details
not seen, 3- pupil margin not visible, 4- total corneal
opacity [7, 8]. If a dilated fundus exam was not pos-
sible due to hazy media then a B scan ultrasound was
done.

The surgical steps included the following: side port
incisions, anterior capsulorrexis after staining of cap-
sule with tryphan blue, lens aspiration, main wound
construction, IOL implantation, posterior capsulot-
omy and anterior vitrectomy and wound closure with
non-absorbable 10-0 nylon suture.

The decision to perform a primary posterior cap-
sulotomy (PPC) and anterior vitrectomy (AV) was
based on age as well as visualization due to corneal
haze. If the corneal haze did not allow adequate visu-
alization of the posterior capsule, PPC and AV were
avoided.

The decision to place an intraocular lens (IOL)
was based on the corneal diameter, anterior segment
findings like presence or absence of corneal haze
which could preclude adequate visualization of ante-
rior chamber structures, zonular laxity, phacodone-
sis, and surgeon discretion. If an IOL was placed in-
the-bag, then a single piece IOL (Acrysof SA60AT,
Alcon Laboratories, Inc., Fort Worth, TX, USA)
was implanted; if an IOL could not be safely placed
in-the-bag then a 3-piece IOL (Acrysof MN60OAC,
Alcon laboratories Inc., Fort Worth, TX, USA) was
implanted in the sulcus. In all the patients axial length
(Tomey AL-100, Germany), keratometry (Nidek
HandyReF-K, Japan) and corneal diameter (Castro-
viejo calipers) were measured. In those eyes with
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scarred or irregular corneas, keratometry readings
were taken from the fellow eye.

The glaucoma surgeries and the subsequent cata-
ract surgery was performed by fellowship trained
glaucoma specialists and pediatric ophthalmologists.

All patients were seen on day 1 in OPD and
under anesthesia (EUA) at 1 week for refraction and
suture removal. The children were followed up after
1 month, 3 months, and then yearly.

Statistical analysis- Statistical analysis was per-
formed using Stata version 13.1 (StataCorp, Col-
lege Station, Texas, USA) statistical software. The
normality of data was checked using the Shapiro
Wilk test. Mean with standard deviation and median
with inter-quartile range were used to describe the
parametric and non-parametric data respectively.
Pre and post-surgery variables were compared using
paired T-test.

Factors affecting the outcome of surgery were
evaluated by assessing the relationship between the
difference in visual acuity before and after cataract
surgery and age, gender, number of glaucoma sur-
geries, horizontal corneal diameter, type of cataract,
type of intraocular lens, and if IOL was placed in
bag or sulcus and intraoperative challenges.

Results
Demographic and Clinical Features

We included 20 eyes of 16 children. There were 13
males and 7 females in the cohort. There were nine

Table 1 Types of glaucoma interventions before cataract sur-
gery

Type of glaucoma surgery Number of eyes

Trabeculectomy 5
Trabeculectomy with trabeculotomy 14
AGV 6
AADI 6
Bleb needling 2
TSCPC 2

AGV Ahmed glaucoma valve, AADI Aurolab aqueous drainage
device TSCPC Transscleral cyclophotocoagulation

eyes diagnosed with primary congenital glaucoma,
six eyes with developmental glaucoma, and 5 eyes
with steroid-induced glaucoma. The median age
of the patients at the time of cataract surgery was
74.5 months (IQR: 51,84, range 2—-156). There were
nine right eyes and 11 left eyes.

Before undergoing cataract surgery, six eyes had
1 glaucoma surgery, 13 eyes had 2 and 1 eye had
3 glaucoma surgeries. The median time interval
between last glaucoma surgery and cataract sur-
gery was 269.5 days (IQR 193, 416; range 77-998).
Table 1 gives details of the types of prior glaucoma
surgeries performed. Categorical variables are sum-
marized with descriptive statistics as shown below
in Table 2

Three eyes were noted to have synechiae (1 eye
had anterior, 2 had posterior). The most common type
of cataract noted was posterior subcapsular (9/20),
the others being a total (7/20), and nuclear cataracts
(4/20). Before cataract surgery 11 eyes had hazy cor-
neas; 8 of them had grade 2 corneal haze and 4 eyes
had grade 3 corneal haze.

The most common type of cataract surgery per-
formed was Lens aspiration with posterior cham-
ber intraocular lens implantation (LA +PCIOL)
(9/20) followed by lensectomy (4/20), lens aspira-
tion (4/20), and lens aspiration with primary pos-
terior capsulotomy with anterior vitrectomy and
posterior chamber intraocular lens implantation
(LA+PPC+AV+PCIOL) (3/20). Of the 12 eyes
in which intraocular lenses were implanted 11 were
implanted with a hydrophobic IOL and 1 with a

Table 2 Preoperative clinical and ocular features of the study
cohort (n=20 eyes)

Variable Median (IQR) Range Mean (SD)

Pre-Op VA in log- 1.19 (0.92,1.39)
MAR)

Pre-Op IOP inmm 14 (11,18) 4,32
of Hg

Horizontal corneal 12.5 (12,14) 10,15
diameter (HCD)
in mm

0.17-2.39 1.2 (0.54)
14.8 (7.10)

12.7 (1.45)

Axial length in 25.25(23,27.07) 20-28.99 24.7(2.8)

mm

Optic disc cupping 0.8 (0.6,0.87) 0.6,0.9 0.76 (0.12)

VA visual acuity, logMAR Logarithm of the minimum angle of
resolution, /OP Intraocular pressure, SD standard deviation,
VA visual acuity, /QR interquartile range
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Table 3 Intra-operative difficulties

Intra-op challenges Number of
eyes
Problems with capsulorrhexis (CCC) 10
Visualization 4
Initiation due to calcification 2
Extension of capsulorrhexis 4
Extension of primary posterior capsulotomy 6
(PPC)

IOL instability 3
Anterior chamber depth fluctuation 1
Poor integrity of paracentesis 4

Table 4 Describes the Visual acuity and IOP at various post-
operative time points

Time frame Median (IQR) visual Median (IQR)
acuity in logMAR IOP in mm of
Hg
Day 1 1.3991.1, 2.3) 15 (9, 20.5)
Day 7 1.3 (1, 2.48) 13.5 (10, 19)
Month 1 1.2 (1,1.69) 16 (12,18)
Month 6 1.15 (1,1.97) 18 (10,21)
Year 1 1.33 (1,2.48) 18 (17.3,20)
Year 2 1.50 (1.2,1.97) 17 (10,20)
Last follow up 1.60 (0.79, 2.48) 16 (12,20)

IOR Inter-quartile Range, /OP Intraocular pressure

hydrophilic lens. In 9 eyes the IOL was placed in-the-
bag and in 3 eyes it was placed in the ciliary sulcus.

Intraoperative Challenges

Intraoperatively 3 eyes had pre-existing zonular dialy-
sis. The intra-operative difficulties faced by the sur-
geon are described in Table 3.

Outcomes of Cataract Surgery

The mean duration of follow up was 948 days (range
106-2282 days, SD 749.4).

The visual acuity remained stable post-cataract
surgery (Table 4). At the final follow up 8 eyes had
improvement in visual acuity, 5 eyes had stable vis-
ual acuity and 5 eyes had a drop in visual acuity. In 2
eyes, the children could not cooperate for visual acu-
ity testing and were documented as fixing and follow-
ing light.

@ Springer

In the 8 eyes that did have improvement in visual
acuity, the median visual acuity pre-surgery was 1.34
Log Mar (range 1.09-2.17, Log Mar) and post- sur-
gery was 0.79 Log Mar (range- 0.69-1.2).

The IOP was measured at all follow-up visits. On
day 1, month 1, and last follow up the IOP remained
stable (p=0.12). The mean IOP was 16.5 (+=11.7)
mm Hg pre-cataract surgery and post-surgery was
16.3 (£3.6) mm Hg, the data was non-parametric
hence the median was calculated, median IOP was
13.5 mm Hg pre cataract surgery and 17.5 mm Hg
post cataract surgery at 1 year.

The IOP remained well controlled in 4 eyes with-
out anti-glaucoma medications and in 14 eyes with
anti-glaucoma medications. Two eyes developed late
postoperative hypotony due to retinal detachment
(RD). One developed RD 3 years following cataract
surgery and one eye developed RD 1 year following
cataract surgery. None of the eyes required any addi-
tional glaucoma surgery for IOP control following
cataract surgery. The median number of antiglaucoma
medications pre- and post-operatively was 1.35 and
1.8 respectively (p=0.13).

Two eyes (2 children) who were steroid respond-
ers had an IOP of>21 but<30 mm Hg as noted at
postoperative 1 week review. This was controlled by
switching to low potency steroids and stepping up
topical anti-glaucoma medications.

Postoperatively, three eyes with IOL placed in the
sulcus had superior decentration and one of these
eyes developed retinal detachment.

A paired t-test was conducted to compare the
pre-operative visual acuity and the postoperative
visual acuity. The difference between the visual acu-
ity before cataract surgery (1.3+0.55 log mar) and
visual acuity post-cataract surgery (1.33+0.67 log
mar) was — 0.03 log MAR (95% CI, — 0.41-0.35), t
(13)=-10.18, p=0.57.

The Intraocular pressure also remained stable in
the post-operative period (Fig. 1).

Discussion

We highlight intraoperative challenges faced during
cataract surgery in eyes of children following glau-
coma filtration surgery. The most common intraop-
erative challenge faced by surgeons in our series of
cases was in performing an anterior capsulorrhexis
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Fig. 1 Shows a pre-(a)

and post-operative (b)
photograph of a child with
congenital glaucoma and a
large eye, that underwent
multiple surgeries including
a glaucoma drainage device,
had developed cataract and
underwent lens aspira-

tion with intraocular lens
implantation

(10720 eyes), along with an extension of posterior
capsulotomy (6/20 eyes) and intraocular lens stability
(3/20 eyes).

Certain unique challenges like corneal haze/
scarring (impeding visualization during surgery),
stretched limbus, a deep anterior chamber with intra-
operative fluctuations and a poorly dilating pupil con-
tribute to the difficult surgery [1, 9]. An enlarged cili-
ary ring, stretched and lax zonules and capsular bag
makes IOL placement and stability very challenging
[1,9].

In our series, difficulty in the visualization of
the anterior capsule despite using trypan blue was
noted in 4 eyes. Although the capsulorrhexis was
completed eventually, we recommend using a light
pipe in the presence of corneal haze to initiate the
capsulorrhexis. Difficulty to initiate the capsulor-
rhexis due to calcification of anterior capsule was
noted in two eyes. In these two eyes, an automated
vitrector was used to make the capsulotomy. In one
of these eyes, a multipiece IOL was placed in the

Fig. 2 Box plot depict-

sulcus, and in the other eye, the initial plan was
a lensectomy and hence an IOL was not placed.
Maintaining the integrity of the capsulorrhexis was
a challenge as well. In four eyes an extension of the
CCC was noted. In glaucomatous eyes, this is an
expected challenge. In children, the anterior capsule
is extremely elastic and prone to extension. Inade-
quate visualization, a fluctuating anterior chamber,
and zonular laxity make these eyes prone to exten-
sion. In three eyes the CCC could be salvaged, in
one eye it could not be retrieved and an automated
vitrector was used to complete the capsulorrhexis
(Table 3, Fig. 2).

The other challenge noted in our series was dif-
ficulty in primary posterior capsulotomy. Similar to
CCC, poor visualization, instability of the capsular
bag makes this step a challenge. In 4 eyes PPC was
attempted with an automated vitrector and after mak-
ing an initial opening in the posterior capsule, a sud-
den enlargement of the PC opening was noted. In two
other cases, a manual PPC was initiated which was
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noted to be extending, and hence PPC was completed
with an automated vitrector.

In three eyes, there was superior decentration of
the IOL. In both cases, the surgery performed was
lens aspiration with IOL implantation with ante-
rior vitrectomy and posterior capsulotomy and IOL
was placed in the sulcus. These children were 4 and
6 years old respectively. This is similar to what is
reported by Sukhijia and associates. The aforemen-
tioned intra-operative factors can challenge the sta-
bility of the IOL. We propose performing a PPC or
perform an optic capture in all cases aged less than
8 years. This would reduce the need for a membranec-
tomy as additional procedures can increase the risk of
IOP elevation. However, if there are challenges in vis-
ualization due to corneal haze probably one may have
to defer this step. The choice of IOL we prefer is a
3-piece IOL since the thinner haptic does not rub and
irritate the iris like a single piece IOL. Studies have
shown that an IOL placed in-the-bag does reduce this
risk of iris chafing and chronic inflammation. Kiarudi
and associates have used pre-operative ultrasound
biomicroscopy to calculate the size of the capsular
bag before planning an IOL placement [10]

The integrity of the paracentesis is yet another
aspect that needs keen attention. Buphthalmic eyes
often have a stretched limbus which can lead to fish
mouthing of the paracentesis. We noted this in four
eyes. Gentle handling of the instruments through
the paracenteses and suturing these incisions is
recommended.

Although there are no studies recommending
measures to be taken during pediatric cataract surgery
following GFS, Dada and associates recommend the
following measures in adults during phacoemulsifi-
cation [9]. These are careful paracentesis, gentle iris
handling to prevent inflammation postoperatively,
using a dispersive viscoelastic and chilled balanced
salt solution to protect the corneal endothelium,
a thorough cortical cleanup, and an in the bag IOL
placement.

The choice of cataract surgery depends upon the
anterior segment findings. Cataract in presence of a
hazy cornea, poorly controlled IOP, stretched and lax
capsular bag and zonules would mandate utmost care
in decision making with lensectomy being a better
option.

Cataract surgery in the presence of a filtering bleb
can increase the chances of failure of bleb function.
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Studies done in adults who had phacoemulsification
following trabeculectomy have shown through slit-
lamp examination, ultrasound biomicroscopy (UBM),
and anterior segment optical coherence tomography
(AS-OCT) that there is a decrease in bleb height and
a progressive flattening of bleb after cataract surgery.
This is hypothesized due to the inflammation follow-
ing cataract surgery, fibrosis under and around the
bleb, and injury to the angle following trabeculec-
tomy [11].

Bayoumi and associates have reported lenticular
changes and surgeries performed in children with pri-
mary congenital glaucoma after glaucoma filtering
surgery [12]

54 out of 422 children (8.8%) had lens patholo-
gies. Cataract was noted to be the most common lens
pathology, seen in 61% of the eyes (31/54). In this
study 26 eyes underwent surgery for lens patholo-
gies, with an almost equal number of eyes undergoing
lensectomy and cataract surgery with intraocular lens
implantation (14 vs 12). While 11 eyes underwent in
the bag lens placement, interestingly in one eye an iris
fixated anterior chamber intra ocular lens was placed.
While they do not mention visual outcomes at final
follow up, the mean IOP post-surgery was reported to
be 8.8 +7.6, ranging from 0 to 26 mm of Hg.

Our visual outcomes, as well as IOP, remained sta-
ble through the period of follow up.

Amongst the five eyes where there was worsening
of visual acuity, two eyes developed retinal detach-
ment in the late postoperative period and two eyes
had the development of band-shaped keratopathy in
the late postoperative period. Besides, one eye devel-
oped amblyopia due to poor compliance with glasses.
In all the five eyes where vision remained stable pre
and post cataract surgery, there was pre-existing cor-
neal haze which possibly led to a non-improvement in
visual acuity.

To summarize, the use of light pipe in hazy cor-
neas, use of automated vitrector for anterior and pos-
terior capsulorrhexis, a slightly smaller than usual
anterior capsulorrhexis, or optic capture, use of
3-piece IOL and suturing of paracentesis help in min-
imizing complications and achieving good outcome.
Post-operative complications like retinal detachment
and band keratopathy are possibilities that need to be
monitored and parents need to be counseled as well.

We accept the limitations of our study. It is ret-
rospective and has a small sample size. But what
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this study adds are the possible intra-op difficul-
ties that need to be anticipated in eyes of children
following glaucoma filtration surgery and possible
complications.

To conclude, cataract surgery in pediatric eyes is
challenging and if you were to consider that these
eyes had prior glaucoma surgeries, it has its own set
of challenges. Visual outcomes can be reasonably
good and require adequate pre-op and Intra op aware-
ness of difficulties and counseling of parents to dis-
Cuss prognosis.
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