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Abstract

Purpose The management of glaucoma following cataract surgery (GFCS) in children is challenging. This study looks at the
results of two-site trabeculotomy in paediatric aphakic/pseudophakic glaucoma, 1-year post operatively.

Methods This prospective, institutional study was performed on 33 eyes with GFCS in patients aged <14 years. Patients
underwent two-site trabeculotomy using the rigid-probe trabeculotome, through a superonasal and an inferotemporal scleral
flap. Intraocular pressure (IOP), medications, complications and success rates at 1 year were reported. Success was defined
as IOP <23 mmHg or 30% IOP reduction, on the same or fewer number of medications at 1 year, without the need for
another glaucoma procedure.

Results Trabeculotomy was performed on average 3.5 years after the cataract surgery. Patients were aged 5.73 + 1.79 years.
We excluded four eyes in which >180° incision could not be achieved. A 360° incision was achieved in 14 eyes (48%).
There was a significant reduction in IOP and medications at 1, 3, 6 and 12 months (p <0.001). At 1 year, mean IOP
reduction was 48.2 +31.5%. Success was achieved in 26 eyes (89.6%), of which 15 were controlled without medications.
There was no significant difference in IOP, medications or success between aphakic and pseudophakic eyes nor between
eyes that had 360° trabeculotomy and eyes that had a 180-270° incision. Three eyes (10.3%) required another glaucoma
procedure. One eye required core vitrectomy for vitreous haemorrhage.

Conclusions Two-site trabeculotomy can be used as an effective and safe first-line procedure in paediatric GFCS eyes that
do not have extensive peripheral anterior synechiae.

Introduction

Aphakic glaucoma is the most common secondary child-
hood glaucoma and one of the most serious causes of late
visual loss following successful congenital cataract surgery
[1-4]. Early postoperative elevation in intraocular pressure
(IOP) could be caused by a steroid response, synechial
angle closure, pupillary block glaucoma and/or a coexisting
angle anomaly [5-8]. However, the pathogenesis of the
classic, open-angle type of glaucoma that develops on
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average 1.3-12.2 years following uneventful cataract sur-
gery is still obscure [9]. Mechanical collapse of the trabe-
cular meshwork due to the loss of ciliary body tension could
be one of the possible reasons. Some speculate that
obstruction of the trabecular meshwork by inflammatory
cells, lens remnants and vitreous-derived factors may result
in delayed elevation in IOP. Arrest of postnatal angle
maturation secondary to the surgical intervention could be a
contributing factor, especially that aphakic glaucoma is
more likely to occur in patients who had lensectomy at a
younger age, usually the first year of life [10]. Its incidence
varies from 6% [11] to100%?> according to the duration of
follow-up and definition of glaucoma in the different stu-
dies, with a reported annual incidence of 5.25% in the first 7
years after lens extraction [9].

Management of paediatric glaucoma following cataract
surgery (GFCS) is challenging. Trabeculectomy has a poor
success rate and precludes the use of contact lenses, espe-
cially in the presence of thin, avascular, cystic blebs [12].
Glaucoma drainage devices have a higher chance of success
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than trabeculectomy, but aphakic eyes have relatively
higher rates of complications, especially suprachoroidal
haemorrhage, if hypotony occurs particularly if buphthal-
mic [13]. GDD-implanted eyes also carry a life-long risk of
developing keratopathy secondary to endothelial decom-
pensation from the tube end [14]. Cyclodestructive proce-
dures provide a temporizing treatment with occasional long-
term control after multiple treatments [15]. Yet, it is difficult
to titrate with marked inflammation and a risk of phthisis,
especially in microphthalmic eyes. Furthermore, it may be
associated with chronic hypotony and may prejudice future
surgery to failure.

Angle surgery was first described as a surgical option in
GFCS by Chen et al., yielding promising results in terms of
IOP lowering and surgical success [2]. Unlike bleb-based
procedures, angle surgery addresses the more physiological
outflow pathway through the trabecular meshwork and
Schlemm’s canal. Hence the risk of bleb-based complica-
tions such as infection, bleb leak, overfiltration and bleb
dysthesia is reduced. With the growing evidence that cir-
cumferential trabeculotomy yields superior results to con-
ventional 180° angle surgery in primary congenital
glaucoma [16], Freedman et al. retrospectively reported the
results of microcatheter-assisted circumferential trabecu-
lotomy in GFCS, achieving a 72% success rate. In this
study, we look at the results of the two-site trabeculotomy
technique, using the rigid-probe trabeculotomes in paedia-
tric aphakic and pseudophakic glaucoma [17].

Materials and methods

This was a prospective study that included consecutive eyes
of children aged 14 years or less who required surgery for
glaucoma following congenital cataract surgery (GFCS),
with or without intraocular lens (IOL) implantation. We
excluded eyes that had synechial angle closure over 290°,
eyes that required combined procedures, eyes that had
previous procedures other than lensectomy or IOL
implantation and eyes in which the trabeculotomy involved
<180° of Schlemm’s canal. In patients that underwent
bilateral surgery, only the first operated eye was included.
Surgeries were performed by one of three surgeons (HH,
GG, YE), in the paediatric ophthalmology department of
Cairo University, from January 2015 to June 2018. All
patients had a written informed consent signed by the par-
ents before the operation.

All surgeries were performed using the two-site trabe-
culotomy technique previously described (video) [18],
wherein two simultaneous, rigid-probe trabeculotomies are
performed in the same sitting, one based on the superonasal
quadrant and the other in the inferotemporal quadrant. A
corneal traction suture was taken in the superonasal

SPRINGER NATURE

quadrant followed by dissection of a rectangular scleral flap
under a conjunctival peritomy. Schlemm’s canal was iden-
tified using a crescent blade and Harms trabeculotome
(Geuder, Heidelberg, Germany) was inserted into one side.
A horizontal incision was created over the trabeculotome in
the roof of Schlemm’s canal to expose 1-2 mm of the canal,
thus making sure the trabeculotome was in the correct
plane. An incision was then created over around 160—-180°
of Schlemm’s canal by sweeping the Harms trabeculotomes
into the anterior chamber making sure the floor of the
deroofed part of the canal is not incised to maintain the
anterior chamber. The scleral flap and conjunctiva were
then closed by 10/0 nylon sutures. The same procedure was
repeated in the inferotemporal quadrant. Viscoelastic and/or
air were used whenever needed to reform the anterior
chamber. If a significant hyphema occurred, a paracentesis
was created and the hyphema was gently washed from the
anterior chamber.

Postoperatively all patients received topical tobramycin/
dexamethasone combination four times daily for 1 week
then twice daily for another week. Patients were generally
seen on day 1, weekly for a month, monthly for 6 months,
then every 3—4 months. More frequent visits were required
in cases with complications or inadequate IOP control.

The following data were documented: age at surgery, age
at which the patient had lensectomy, lens status (aphakic or
pseudophakic), gender and laterality of glaucoma. Pre-
operative and postoperative examination included number
of glaucoma medications, IOP measured by Perkins or
Goldmann tonometer, corneal diameter, slit lamp and fun-
dus examination. In younger children in whom examination
was difficult, chloral hydrate sedation was used. Any
postoperative complication or intervention was noted.

Success was defined as an IOP <23 mmHg or 30% IOP
reduction, on the same or fewer number of medications at 1
year, without the need for another glaucoma procedure.
Eyes that underwent a second glaucoma procedure were
excluded from the analysis subsequent to the intervention.

The study was approved by Cairo University research
ethics committee and followed the tenets of the Declaration
of Helsinki.

Statistical analysis

Data were entered and statistical analysis was done using
SPSS (Statistical Package for the Social Science) (SPSS
Inc., Chicago III, IL) for Windows version 15.0.1. Quanti-
tative data were expressed as mean + standard deviation
(SD). Comparisons between quantitative variables were
done using a paired two-sample #-test. Categorical data were
summarized in percentages and compared by the Fischer’s
exact test. Postoperative results were compared at 1, 3, 6,
12 months post operative visits.
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Results

The study cohort included a total of 33 eyes that underwent
trabeculotomy for GFCS, with at least 1-year post operative
follow-up. In 4 eyes, Schlemm’s canal could not be incised
over >180° of the angle, so they were excluded from the
study. Accordingly, the data analysis included 29 eyes. The
mean postoperative follow-up duration was 169+
1.2 months.

Preoperative characteristics

Table 1 shows patients’ baseline characteristics. None of the
patients had a positive family history of childhood glau-
coma. Trabeculotomy was performed on average 3.47 + 1.1
years after the initial cataract surgery. The mean age of
patients at the time of trabeculotomy was 5.73 + 1.79 years
(range; 7 months to 13 years). The mean preoperative IOP
was 26.8 + 8.2 mmHg (range; 10-36 mmHg) on 2.34 + 1.02
topical medications (range 0-5). In 14 eyes, a complete
trabeculotomy involving 4 quadrants was achieved, while
15 eyes had 2-3 quadrants incised (average 236 +44°;
range: 180-270°), as 4-quadrant cannulation of SC was not
possible intraoperatively. We retrospectively performed a
subgroup analysis comparing eyes where two-site trabecu-
lotomy was completed over four quadrants (complete tra-
beculotomy group) and those where it was only possible
over two to three quadrants (incomplete trabeculotomy
group). The preoperative IOP was significantly higher in the
complete trabeculotomy group (30.14 + 8.7 mmHg, range;
1645 mmHg) compared to the incomplete trabeculotomy

Table 1 Baseline characteristics of patients with glaucoma following
cataract surgery (GFCS) who underwent trabeculotomy.

Age at time of trabeculotomy (years)

Mean + SD 5.73+1.79
Range 0.6-13
Gender
Male 12 eyes (41.3%)
Female 17 eyes (58.6%)
Side
Right 10 eyes (34.4%)
Left 19 eyes (65.5%)
Preoperative lens status
Aphakic 16 eyes (55.1%)
Pseudophakic 13 eyes (44.8%)
Positive consanguinity
Yes 16 eyes (55.1%)
No 13 eyes (44.8%)

Mean follow-up duration (+SD) 16.9 £ 1.2 months

SD standard deviation.

group (23.8 +6.6 mmHg, range;10-34 mmHg) (p =0.04).
There was no statistically significant difference between the
complete and incomplete trabeculotomy groups in terms of
age at time of surgery, side of surgery, gender, preoperative
number of glaucoma medications or vertical cup to disc
ratio (VCDR).

The VCDR was reduced from a mean of 0.55+0.2
preoperatively to 0.49+0.22 at 1 year (p =0.3). Snellen
visual acuity could be obtained preoperatively and post-
operatively in 11 eyes, however, no statistically significant
difference was demonstrated between pre- and post-
operative values (p = 0.6). Eyes requiring another glaucoma
surgery were excluded from the analysis after the
intervention.

IOP and glaucoma medications

There was a statistically significant reduction in the mean
IOP at 1 month (13.9 +£4.1 mmHg, range; 822 mmHg, p <
0.001), 3 months (14.6 +4.3 mmHg, range; 10-28 mmHg,
p <0.001), 6 months (14.1 + 4.7 mmHg, range; 6-23 mmHg
p<0.001) and 12 months post operatively (14.1+
3.1 mmHg, range; 10-21 mmHg, p <0.001) compared to
preoperative values. The mean IOP reduction was 42.8 +
25.3% at 1 month, 41.7 + 31.8% at 3 months, 48 +26.6% at
6 months and 48.2 +31.5% at 12 months.

The number of glaucoma medications was significantly
reduced from 2.34+1.02 (range 0-5) preoperatively to
0.6 £ 1.1 (range; 0—4) at 1 month, 0.6 + 1.2 (range; 0—4) at
3 month, 0.7+ 1.1 (range; 0—4) at 6 month and 0.9+ 1.1
(range; 0—4) at 12 months post operatively (p <0.001). At
1-year follow-up, 11 eyes (37.9%) needed topical glaucoma
medications for IOP control. The mean time at which
medications was started postoperatively was 2.4+
2.5 months (range: 1-8 months).

There was no statistically significant difference between
the complete and incomplete trabeculotomy groups in the
mean postoperative IOP at 1 (p =0.5), 3 (p =0.8), 6 (p =
0.5) and 12 months (p =0.5). There was no significant
difference in the number of glaucoma medications needed
postoperatively at 1 (p =0.9), 3 (p=0.7), 6 (p =0.6) and
12 months (p =0.9) (Table 2).

Stratifying patients according to preoperative lens status
(pseudophakic or aphakic) did not demonstrate any statis-
tically significant difference between both groups in terms
of mean preoperative IOP (27.9+7.2 mmHg in pseudo-
phakics vs 27.2 +9.1 mmHg in aphakics, p =0.5) or mean
number of preoperative glaucoma medications (2.3 +0.82
in pseudophakics vs 2.3+ 1 in aphakics, p =0.8). Post-
operatively, there was no significant difference in terms of
the mean IOP at 1 (p=0.3), 3 (p=0.3), 6 (p =0.4) and
12 months (p =0.9). There was no significant difference in
the mean number of glaucoma medications needed
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Table 2 Changes in intraocular pressure (IOP) and number of

medications used in both the complete and incomplete
trabeculotomy groups.
Complete Incomplete p value
trabeculotomy trabeculotomy
group group
Mean + SD Mean + SD
Preoperative
IOP (mmHg)
Mean + SD 30.14+8.7 23.8+6.6 0.04
Range 1645 10-34
No. of medications
Mean + SD 24+1 22+0.9 0.64
Range 04 0-5
Postoperative
1 month 14 eyes 15 eyes
IOP (mmHg)
Mean + SD 13.7+45 14.8+3.8 0.50
Range 8-22 10-22
No. of medications
Mean + SD 0.57+0.9 0.53+1.1 0.92
Range 0-3 0-2
3 months 14 eyes 15 eyes
IOP (mmHg)
Mean + SD 14.7+4.2 144+42 0.81
Range 10-24 10-28
No. of medications
Mean + SD 0.57+1.1 0.73+1.3 0.74
Range 04 0-3
6 months 14 eyes 15 eyes
IOP (mmHg)
Mean + SD 129+34 13.7+3.5 0.51
Range 6-20 10-23
No. of medications
Mean + SD 0.71x1.1 09+1.2 0.64
Range 04 0-3
12 months 13 eyes 13 eyes
IOP (mmHg)
Mean + SD 13.7+2.7 145+33 0.52
Range 10-19 10-21
No. of medications
Mean + SD 09+1.1 1£1.2 0.87
Range 04 0-3

IOP intraocular pressure, SD standard deviation.

postoperatively at 1 (p =0.07), 3 (p =0.07), 6 (p =0.2) and
12 months (p =0.3). At 1 year, the mean IOP in the
pseudophakic group was 14.2+3.5mmHg (range;
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Fig. 1 Survival time. Kaplan—Meier survival analysis comparing the
survival time, without medications, in complete vs incomplete trabe-
culotomy eyes.

10-21 mmHg) compared to 14 +2.8 (range; 10-20 mmHg)
in the aphakic group (p =0.9).

Success rates

At 1-year follow-up, success was achieved in 26 eyes
(89.6%), of which 15 were controlled without medications.
Three eyes were considered as failure because of the need
for another glaucoma procedure to control their IOP and
were excluded from the analysis following the intervention.
In the complete trabeculotomy group, one eye required
Ahmed glaucoma valve implantation 9 months after tra-
beculotomy. In the incomplete trabeculotomy group, two
eyes underwent diode laser cyclophotocoagulation at 9 and
12 months after trabeculotomy. All pseudophakic patients
had surgical success, while the success rate in aphakic
group was 81.25% (13 out of 16 eyes) with 3 eyes
requiring further glaucoma procedures to control their IOP
(=0.2).

The mean survival time was 11.1 months (standard error
0.51), 95% confidence interval (CI) 10.09—12.11 months.
Kaplan—Meier survival analysis was used to compare the
survival time, without the use of medications, in eyes that
had a complete compared to those that had incomplete
trabeculotomy (Fig. 1). Although there was a tendency
towards shorter survival time for eyes that had incomplete
trabeculotomy, the difference was not statistically sig-
nificant (p = 0.69).

Postoperative interventions and complications

All eyes had intraoperative hyphema, which resolved on the
first week post operatively, except two eyes in each group
where the hyphema persisted for 2 weeks and resolved on
conservative treatment. One eye developed vitreous hae-
morrhage that required pars plana vitrectomy. At 12 months
post operatively, its IOP was 20 mmHg on two topical
medications. One eye developed postoperative corneal
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oedema, which resolved spontaneously in 3-5 days. One
eye underwent scleral rupture repair 2 weeks following
trabeculotomy, after the patient withstood blunt trauma by
falling on the edge of a table. The rupture occurred at the
site of the superonasal scleral flap and was repaired without
further sequelae and the patient continued to maintain good
vision in this eye.

One pseudophakic patient underwent IOL exchange
because of progressive myopic shift resulting in 10D of
anisometropia. At the last follow-up, 13 months after IOL
exchange, IOP was 12 mmHg without medications. Two
eyes in the aphakic group underwent secondary IOL
implantation and both eyes met success criteria at the final
follow-up. No serious postoperative complications such as
retinal detachment, hypotony, endophthalmitis or loss of
vision were identified in our series.

Discussion

Trabeculotomy and goniotomy are the standard first-line
procedures in primary congenital glaucoma as well as some
secondary paediatric glaucomas and have more recently
been described as a first-line procedure in glaucoma fol-
lowing congenital cataract surgery [2, 17, 19-22]. In a
retrospective study on 14 eyes of 11 aphakic glaucoma
patients, Bothun et al. showed that conventional goniotomy
and trabeculotomy can yield reasonable success rates [23].
With success defined as a final IOP of <24 mmHg, 42.8% of
eyes achieved surgical success after one procedure and
57.1% achieved success after multiple angle surgeries,
suggesting the likely superiority of treating a bigger extent
of the angle. Recent evidence from studies on primary
congenital glaucoma has shown significantly lower IOPs
and higher success rates with circumferential compared to
traditional 120-160° angle surgeries [16, 24-28]. The ret-
rospective results of circumferential trabeculotomy using
the illuminated microcatheter in GFCS were reported by
Freedman et al. With success defined as an IOP < 22 mmHg
and >20% IOP reduction, circumferential trabeculotomy
achieved a 72% success rate in 25 eyes with aphakic/
pseudophakic glaucoma [17, 21].

Our study prospectively looked at the results of the two-
site, rigid-probe trabeculotomy technique in 33 eyes of 33
patients with GFCS. Success was achieved in 26 of the 29
eyes (89.6%) in which >180° trabeculotomy was per-
formed. IOP and glaucoma medications were significantly
reduced at all postoperative time points in the first post-
operative year, with a 48.2 +31.5% IOP reduction at 1 year.
There was no significant difference in the outcome between
eyes that had a complete, four-quadrant trabeculotomy and
those that had two to three quadrants incised (incomplete

trabeculotomy group). However, the number of eyes in the
complete and incomplete trabeculotomy groups may have
been too small to reach any statistically significant results.
There was also no significant difference in the final IOP of
aphakic and pseudophakic eyes.

We have previously compared the two-site trabecu-
lotomy technique to microcatheter-assisted trabeculotomy
in primary congenital glaucoma [18] and found that both
techniques yield the similar results. The reason we prefer
the two-site technique, in addition to being less costly, is
that it is performed through two scleral flaps fashioned in
the superonasal and inferotemporal quadrants, leaving the
superior and superotemporal conjunctiva untouched in case
it is needed for a subsequent trabeculectomy or glaucoma
shunt. Microcatheter-assisted trabeculotomy, on the other
hand, despite being performed through a single scleral flap,
additional scleral flaps/cutdowns need to be created in as
many as 50% of cases in order to retrieve a microcatheter
that has reached an obstruction or become misdirected.
These flaps are often created in sites that are inaccessible or
preferably avoided, like the superior or superotemporal
quadrants.

Vitreous haemorrhage secondary to intraoperative
hyphema is a serious complication following trabecu-
lotomy in aphakic eyes, where the lack of compartmenta-
lization allows the blood to access the vitreous cavity.
Amblyopia may develop if vitreous haemorrhage persists
for a few weeks in eyes of younger children and is an
indication to intervene early with pars plana vitrectomy to
clear the visual axis. In our study, eyes that developed
moderate to severe intraoperative hyphema had the blood
gently aspirated with an irrigating solution and air was
injected into the anterior chamber. Despite this, 1 aphakic
eye (3%) required pars plana vitrectomy for non-clearing
vitreous haemorrhage. Dao et al. reported 2 aphakic eyes
(8%) out of 25 eyes with GFCS developing vitreous hae-
morrhage following microcatheter-assisted trabeculotomy
and in both cases a pars plana vitrectomy was also required
[21]. Bothun et al. reported three cases that developed
vitreous haemorrhage after trabeculotomy in aphakic eyes,
of which two required vitrectomy [29]. It may be worth-
while considering to fill the anterior chamber with vis-
coelastic at the end of the surgery, particularly in aphakic
eyes, to avoid the posterior percolation of blood in cases of
hyphema. The drawback would be the risk of developing
an IOP spike, which should be treated timely to avoid
further glaucoma progression.

Our study had some limitations. The study was non-
comparative and had a relatively short follow-up period. It
would be useful to compare the two-site technique with
an illuminated microcatheter-assisted trabeculotomy as
well as with standard, 180°, rigid-probe trabeculotomy.

SPRINGER NATURE



1642

Y. M. El Sayed et al.

The relatively small number of patients may have precluded
reaching statistically significant results when comparing the
outcomes in aphakic and pseudophakic eyes, as well as
comparing eyes that had a complete versus incomplete
trabeculotomy.

Trabeculotomy using the two-site technique is a viable
option for the management of GFCS, yielding similar results
in both aphakic and pseudophakic eyes. Being less invasive
than trabeculectomy and glaucoma drainage devices, it can be
considered as a first-line procedure in eyes that do not have
extensive synechial angle closure. Non-clearing vitreous
haemorrhage is the most serious possible complication which,
although uncommon, may require pars plana vitrectomy.

Summary
What was known before

e Traditionally, glaucoma drainage devices and diode
CPC were the main surgical treatment methods, but
more recently there has been a rising interest to address
the more physiological outflow pathway, through
Schlemm’s canal.

What this study adds

e The paper describes a prospective study evaluating the
results of two-site trabeculotomy in paediatric aphakic
and pseudophakic glaucoma.
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