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Abstract
Aims—The primary objective was to de-
termine which surgical technique gave the
best long term visual outcome for infants
and young children with bilateral sym-
metrical cataract in south India. Second-
ary objectives were to assess
complications and the need for further
surgical intervention.
Methods—A randomised controlled clini-
cal trial was undertaken. 65 children
under 10 years old with bilateral cataract
had one eye treated by lensectomy and the
other by aspiration with primary cap-
sulotomy.
Results—56 children (86%) with a mean
age at surgery of 53 months were reviewed
3 years after surgery. The overall binocu-
lar acuity was 6/18 or better in 57.1% and
6/60 or better in 94.6%. There was no
diVerence in visual acuity between the
matched pairs of eyes undergoing aspira-
tion or lensectomy at the third year of fol-
low up (p=0.57). Aspiration eyes were
more likely to require a secondary proce-
dure to restore vision than lensectomy
eyes (66.1% v 1.8%).
Conclusion—Aspiration with primary
capsulotomy gives an acceptable visual
outcome in this part of India providing
that there is good follow up to manage
capsule opacification. If secondary inter-
vention is not possible owing to poor com-
pliance with follow up, then lensectomy is
likely to give better long term visual reha-
bilitation providing there is good mainte-
nance and technical support for the
lensectomy equipment.
(Br J Ophthalmol 1999;83:524–529)

Bilateral childhood cataract in south India is a
significant cause of childhood blindness ac-
counting for an estimated 200 000 cases.1

Clinic attendance is often delayed and signifi-
cant amblyopia is likely to develop before
surgery can be performed to clear the visual
axis.2 Children and their parents are often
unable to attend for follow up appointments or
for secondary surgical procedures because of
the large distances and expenses involved.3 In
this region the most appropriate surgical tech-
nique has yet to be defined and the choice is
limited because microsurgical equipment is
expensive and paediatric ophthalmic surgical
experience and anaesthesia are spread un-
evenly throughout the country.

In south India most cataracts in children
under 10 years old are removed by aspiration
of the lens, with or without a primary posterior
capsulotomy. Lensectomy may be a more
appropriate procedure because the posterior
capsule and anterior vitreous are completely
removed at the time of surgery avoiding the
complication of posterior capsule opacifica-
tion. It does however require more sophisti-
cated equipment and expertise and may have a
higher complication rate.

This study was designed to determine
whether lensectomy might be a better treat-
ment option for children with bilateral cataract
in a developing country such as India by com-
paring visual outcome and complications
between the two procedures.

Methods
Children with bilateral cataracts significantly
aVecting vision had one eye randomised to
undergo either a lensectomy procedure or an
aspiration with a primary capsulotomy. The
second eye automatically had the alternative
procedure. Each child therefore had a different
procedure on each eye. Children were ran-
domly assigned treatment both to the eye to be
operated on first and the procedure to be per-
formed (aspiration or lensectomy). Allocation
was concealed in opaque, sealed envelopes and
the randomisation was generated by computer-
ised random number software (SAS).

To be eligible for inclusion in the trial
children had to be aged 0–10 years inclusive,
live in the state of Tamil Nadu or the
neighbouring state of Kerala, and have bilateral
symmetrical cataracts, both requiring surgery,
and each eye amenable to lensectomy or
aspiration with a primary posterior cap-
sulotomy. If the visual acuity was measurable
then the acuity in each eye had to be within 0.3
log MAR units of the other. Ill or underweight
children, at increased risk from general anaes-
thesia, those with mental retardation, so that
postoperative acuity would be diYcult to accu-
rately determine, and those with pre-existing
ocular diseases were excluded.

The primary aim was to determine which
procedure gave the best long term (minimum 3
year follow up) visual outcome. Secondary
objectives were to define the frequency and
cause of operative, early postoperative, and late
complications in the two techniques and to
compare secondary surgical intervention rates
within 3 years of the initial procedure. The
study has been designed to continue follow up
for 10 years in order to determine the

Br J Ophthalmol 1999;83:524–529524

Aravind Eye Hospital
and Postgraduate
Institute of
Ophthalmology,
Madurai, Tamil Nadu,
India
M Eckstein
P Vijayalakshmi

Department of
Preventive
Ophthalmology,
Institute of
Ophthalmology,
London
M Eckstein
C Gilbert
A Foster

Correspondence to:
Dr Allen Foster, Institute of
Ophthalmology, 11 Bath
Street, London EC1V 9EL.

Accepted for publication
10 November 1998

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.83.5.524 on 1 M

ay 1999. D
ow

nloaded from
 

http://bjo.bmj.com/


incidence of glaucoma and other late compli-
cations such as retinal detachment.

Children were recruited from the Aravind
Eye Hospital paediatric eye clinic in Tamil
Nadu, south India. Informed consent was
obtained from all parents and the study proto-
col was approved by the ethics committee of
the Aravind Eye Hospital and the Government
of India Medical Research Council.

PREOPERATIVE AND POSTOPERATIVE EXAMINATION

Whenever possible children were examined on
the slit lamp microscope and by direct and
indirect ophthalmoscopy after pupil dilatation.
If slit lamp examination was not possible a
torch and loupe was used. Intraocular pres-
sures were measured using the Keeler Pulsair
or Goldmann tonometer. Children who ap-
peared systemically unwell or who had other
physical abnormalities were examined by a
paediatrician and an anaesthetist. Cataracts
were photographically documented by a cam-
era mounted on the operating microscope.

Visual acuity was measured using Keeler
acuity cards, CardiV cards, Cambridge crowd-
ing cards, or Snellen acuity charts depending
on the child’s age, vision, and ability. A visual
function battery was used in infants with very
poor vision.4 All acuity measurements were
converted to log MAR units for data entry and
analysis. A single trained examiner who was
masked to the treatment performed all visual
acuity tests. Children were refracted by a
trained optometrist before discharge and at
each outpatient follow up appointment.

Complications were recorded on a custom-
ised proforma: iritis was defined as being
present if there were more than 50 cells visible
in a 2 × 1 mm slit beam at 45 degrees of
oblique illumination. Opacification of the pos-
terior capsule (PCO) was classified into three
types: type 1, PCO not seen in the central
visual axis, but seen through a dilated pupil
with direct ophthalmoscopy giving a clear view
of the fundus; type 2, PCO seen in the central
visual axis in an undilated pupil, fundus details
only minimally obscure; type 3, PCO is seen in
the central visual axis in an undilated pupil,
fundus details cannot be clearly made out.
Glaucoma was recorded if the intraocular
pressure (IOP) was >21 mm Hg and the optic
disc showed signs of progressive cupping or if
the IOP was consistently higher than 26 mm
Hg.

To ensure adequate follow up a series of
incentives was used which included free
treatment including spectacles, travel expenses
for all visits, and reimbursement for lost paren-
tal earnings. Parents were contacted by post 2
weeks before each visit became due. If they
failed to turn up a second letter was sent. Par-
ents and children who failed to turn up after
the second letter, were traced by a social
worker and personally asked to return to the
hospital.

SURGICAL PROCEDURE

All surgery was performed under general
anaesthesia by a single paediatric ophthalmolo-
gist (PV), who was experienced with both sur-

gical procedures. Preoperatively, pupils were
dilated with phenylephrine 2.5% and cyclo-
pentolate 1%. The ocular adnexa and skin sur-
rounding the eye were cleaned with 5%
povidone-iodine, the surgical field draped with
sterile towels, and the eye irrigated with sterile
saline solution. A lid speculum was inserted
and a superior rectus suture attached.

Lensectomy technique
A small conjunctival flap was created and a 3
mm limbal incision was made. A peripheral iri-
dectomy was created and an MVR blade
passed through the iridectomy, cutting the
capsule and mobilising the lens material. The
lensectomy cutter (Peyman Vitreophage) was
inserted and the entire lens contents removed
along with a portion of the anterior vitreous.
The anterior chamber was maintained with
Ringer’s solution. The section was closed with
two 10-0 nylon sutures, which were not
routinely removed, and gentamicin 5 mg was
injected subconjunctivally into the lower for-
nix.

Aspiration technique
A small conjunctival flap was created and a 3
mm limbal incision was made. An irrigating
cystotome was inserted into the anterior cham-
ber and a circular “can opener” type cap-
sulotomy produced. Ringer lactate solution
was used as the intraocular irrigating solution.
A Simcoe irrigation aspiration cannula was
used to remove the lens material. A superior
peripheral iridectomy was produced and the
section closed with two 10-0 nylon sutures.
The cystotome on the end of a syringe of air
was re-inserted into the eye through the same
incision between the sutures and after filling
the chamber with air, a small perforation in the
posterior capsule at the six o’clock position was
made. With the anterior chamber maintained
with air to keep the vitreous face back, the
cystotome tip was turned slightly to one side
and the posterior capsule drawn up leaving a
central opening. Gentamicin 5 mg was injected
subconjunctivally into the lower fornix.

A combination of gentamicin 0.3% and Bet-
nesol 1.5% were normally given four times a
day to the operated eye after the first
postoperative examination. Surgery was per-
formed on the second eye during the same
admission whenever possible. The first eye was
not occluded in the interval between operation
on the first and second eye. Children were
refracted and given aphakic spectacles after
surgery had been completed to both eyes.

STUDY END POINT AND STATISTICAL ANALYSIS

The study was designed with matched pairs, so
that results were compared between eyes of the
same child. The ÷2 test was used to compare
binary aspects of patient data. The significance
level was set at p<0.05. McNemar’s ÷2 test and
the paired t test were used to analyse matched
pair data.5 Two way analysis of variance
(ANOVA related sample comparison) was per-
formed to compare visual acuity expressed as
log MAR scores between the two eyes as well as
to assess acuity change over time. Results were
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analysed on an intention to treat basis even if it
was not possible to complete the randomised
procedure as planned.

Results
STUDY GROUP CHARACTERISTICS

Over a 9 month period in 1993–4, 127 children
aged 0–10 years with bilateral cataract at-
tended the paediatric eye clinic for the first
time. Of these children, 65 (31 boys and 34
girls) fulfilled the entry criteria and were
enrolled into the clinical trial. Of the 62
children who were ineligible to enter the trial,
three children lived in states other than Tamil
Nadu or Kerala (so that the distances were
considered too great for long term follow up);
33 children had cataracts which were not sym-
metrical or had other associated ocular disease;
and 22 children were excluded because man-
agement other than lensectomy or aspiration
without an intraocular lens was felt to be more
appropriate. A further four children were
judged too small for safe general anaesthesia
and surgery was deferred until a later date.

The 65 children who entered the study had a
mean age of 53 months (range 3 months–10
years); 84% came from Tamil Nadu, 16% from
Kerala, and the majority (74%) were from
rural areas.

At presentation, 35 children (54%) had nys-
tagmus. Nystagmus was more common in chil-
dren less than 5 years old (p=0.07) and in
those who had total cataracts (p=0.02). Forty
children (62%) had a manifest strabismus at
presentation (esotropia 50%, exotropia 50%).

The aetiology of cataract was autosomal
dominant (18 cases), autosomal recessive
(two), congenitally acquired rubella (four), and
idiopathic (41). The cataracts had similar mor-

phology in each pair of eyes; total cataracts
(27), nuclear (four), lamellar (22), posterior
polar (three), mixed (10).

One child absconded after the first operation
and failed to undergo surgery in both eyes. The
majority (86%) had surgery to both eyes com-
pleted within 7 days, with the longest interval
before the second procedure being 21 days.
Eyes were not occluded between operations.

FOLLOW UP

In the first year three children died (5%), one
child had surgery on only one eye, and one
child was lost to follow up, so that 60 of 65
children (91%) were reviewed. A further four
children were lost to follow up by year 3, so
that 56 children (86%) were available for 3
year follow up evaluation.

VISUAL OUTCOME

The mean binocular acuity (log MAR) for all
children at baseline was 1.8 (SE 0.052).
Uniocular vision testing was possible in 60 eyes
from 30 children giving a mean preoperative
acuity of 1.8 (0.073) in eyes that were
randomised for lensectomy, and 1.8 (0.072) in
aspiration eyes. Baseline acuity was often diY-
cult to record accurately because of poor com-
pliance and indistinct endpoints in the prefer-
ential looking tests.

By the third year of follow up, 57% of
children obtained a binocular acuity of 6/18 or
better and a further 38% of 6/24–6/60. Three
children (5.4%) had less than 6/60 binocular
vision (Table 1). Figure 1 is a plot of visual
acuities at year 3 comparing matched pair data
from lensectomy and aspiration eyes. The lines
either side of the line of equality indicate a
change of plus or minus 0.3 log MAR units.
There was no significant diVerence in the
visual acuity between matched pairs (acuity
diVerence between eyes of 0.3 log MAR units)
at the 3 year review (p=0.57) (Table 2).

Because the ability to perform secondary
procedures such as a YAG capsulotomy or
membranectomy are limited in this area, and
because many children would not normally
attend for further follow up, the visual acuity
data for the two surgical procedures have been
analysed hypothesising that children may not
come to follow up for management of the
opacified capsule. In this case 21 children
would have had 0.3 log MAR unit acuity better
in their lensectomy eye and six children 0.3 log
MAR unit acuity better in their aspiration eye
(p<0.007).

Table 1 Snellen equivalents of preoperative, 1, and 3 year postoperative binocular acuity
for all children

Preop 1 year postop 3 years postop

Snellen equivalent No % No % No %

6/6–6/18 0 0 24 40 32 57.1
<6/18–6/60 15 23.1 28 46.7 21 37.5
<6/60–3/60 6 9.2 5 8.3 2 3.6
<3/60 44 67.7 3 5 1 1.8
Total 65 100 60 100 56 100

Figure 1 Graph of uniocular log MAR acuity comparing
vision in lensectomy and aspiration eyes in the same child 3
years after surgery (matched pair data). Points above the
line of equality have better acuity in lensectomy eye
compared with aspiration eye (56 children). The numbers
are overlapping points.
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Table 2 Log MAR uniocular acuity at 3 year follow up,
for 56 children, by surgical technique

Log MAR acuity

Aspiration with
primary capsulotomy Lensectomy

No (%) No (%)

0–0.5 26 (46.4) 23 (41.1)
<0.5–1.0 23 (41.1) 25 (44.6)
<1.0–1.5 5 (8.9) 6 (10.7)
<1.5–2.0 2 (3.6) 1 (1.8)
<2.0–2.5 0 1 (1.8)
Total 56 56
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APHAKIA AND AMBLYOPIA

Aphakia was routinely corrected with specta-
cles, but 18 of 60 children (30%) had lost or
broken their spectacles by the first year of
follow up. At the 3 year review nine of 56 chil-
dren (16%) would not wear spectacles, of
which seven had poor vision and spectacles
were of limited benefit. Bifocal spectacles were
being used by 13 of 56 (23%) children 3 years
after surgery. Treatment for amblyopia with
patching was not commonly used because
compliance was poor but five children had one
eye patched when amblyopia appeared to be
progressing during follow up.

COMPLICATIONS

Lensectomy, compared with aspiration, was
significantly associated with failure to remove
all of the lens cortex, iris trauma, and loss of
lens material into the vitreous. Machine failure
was a significant problem in the lensectomy
group and a backup machine or a technician
were required in eight cases (12%) (Table 3).
Lens aspiration with primary posterior cap-
sulotomy compared with lensectomy was more
likely to result in vitreous in the anterior cham-
ber at the end of the procedure.

Two lensectomy eyes (1.8%) developed a
retinal detachment, one noted at the 3 month
and the other at the 2 year follow up examina-
tion. One eye, which had an aspiration,
developed localised epithelial ingrowth from
the wound site noted at the 6 month review.
Two eyes (1.8%) from two diVerent children
developed glaucoma between the first and sec-
ond year of follow up, one in the aspiration
group and the other in the lensectomy group
(Table 3).

Of the 56 aspiration eyes followed for 3 years
37 required at least one secondary procedure,
either YAG capsulotomies or surgical mem-
branectomy, to clear the posterior capsule. Of
the 37 eyes which required treatment for
capsule opacification, 20 were on eyes ran-
domised to the first eye. One secondary proce-
dure was required in the lensectomy group to
remove an anterior capsule which had been
inadvertently left behind. The Kaplan–Meier
graph in Figure 2 illustrates the failure of the
primary capsulotomy and development of cen-
tral opacification in aspiration eyes over time
since surgery. There were 14 aspiration eyes
(21%) where the primary capsulotomy was
noted to be inadequate within the first month
following surgery. In half of these cases the sur-
gical capsulotomy was noted to be small or
eccentric during the procedure, but the other
half had a photographically documented ad-
equate primary capsulotomy which later con-
tracted. Nearly 40% of aspiration/primary cap-
sulotomy eyes had significant axial capsule
opacification within 6 months of surgery.

Discussion
GENERAL COMMENTS

The visual outcome of eyes with infantile onset
cataracts is dependent on many factors such as
type of cataract, age of onset, age at surgery,
duration of opacity, and compliance with opti-
cal rehabilitation and occlusion. Although
there are many reports on the visual outcome
following surgery it is diYcult to compare
results as the type of cataract and management
of cases varies greatly between studies (Table
4).

This trial was designed to determine the
most suitable surgical treatment for children
with bilateral cataract in south India. Ran-
domised allocation of surgery to the first eye of
each child was successful in ensuring compara-
bility between the two groups and the diVer-
ence in outcome between the two groups was
therefore related to the surgery. A single

Table 3 Surgical and postoperative complications up to and including 3 year follow up

Complication

Lensectomy ECCE
÷2

(McNemars) p ValueNo (%) No (%)

Surgical complications (n=65) at time of procedure:
Machine failure 8 (12.3) 0 6.1 0.013
Iris trauma 5 (7.6) 0 3.2 0.07
Lens fragments in vitreous 5 (7.6) 0 3.2 0.07
Incomplete removal lens cortex 13 (20) 1 (1.5) 8.6 0.003
Postoperative complications (n=56) up to 3 year follow up:
Capsule opacification aVecting vision

(type 2 and 3) 1 (1.8) 37 (66.1) 32 <0.001
Pupil decentration aVecting vision 2 (3.6) 1 (1.8) 0.5 0.5
Retinal detachment 2 (3.6) 0 0.5 0.5
Epithelial in growth 0 1 (1.8) 0 1
Glaucoma 1 (1.8) 1 (1.8) 0.5 0.5

Figure 2 Kaplan–Meier survival analysis following
aspiration and primary capsulotomy showing failure
(development of type 2 or type 3 opacification) against
follow up time.
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Table 4 Visual outcome following surgery for bilateral infantile cataract

First author
No of eyes in
study Type of cataract

Binocular vision better than
6/18

Binocular vision less than
6/60

Francois19 167 Incomplete 70% 17%
Gelbart20 48 Incomplete 60% 27%
Parks21 32 Incomplete 100% 0%
Wright22 44 Incomplete 73% 2%
Robb23 38 Incomplete 73% 18%
Francois19 100 Total 25% 50%
Neumann24 28 Total 78% 0%
Bradford25 46 Total 43% 14%
Robb23 26 Total 19% 11%
Lorenz26 58 Total 33% 25%
This series 112 Mixture 57% 5%
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surgeon undertook all of the procedures. The
surgeon was familiar with the aspiration
technique and also with lensectomy having
performed more than 50 cases with each
procedure before the trial. Follow up rates were
high and because each eye was matched, losses
were comparable between groups. Analysis by
intention to treat (by operation allocated) was
indistinguishable from analysis by operation
performed.

Although children were only randomised if
the cataracts were approximately symmetrical,
the onset of the cataract in each eye could not
be accurately determined. If the cataract in one
eye had developed earlier and more rapidly
than the other amblyopia is more likely to be
present in the first eye aVected. The randomi-
sation procedure should reduce this bias. Delay
in second eye surgery may increase the
likelihood of amblyopia developing but the
randomisation process meant that both proce-
dures were equally likely to be delayed.

VISUAL OUTCOME

Overall, 94.6% of children achieved a binocu-
lar acuity of 6/60 or better. There was no
significant diVerence in visual outcome be-
tween the two techniques at the third year of
follow up. If, however, secondary opacification
of the posterior capsule had not been dealt
with by YAG laser or surgical membranectomy
the lensectomy group would have done better.
This has relevance to the local population
where good follow up is diYcult to achieve and
treatment may not always be available or
aVordable.

Nearly a third of children had lost or broken
their spectacles in the first year following
surgery. The problem of aphakic spectacles,
particularly in preschool children, is an impor-
tant barrier to good visual outcome and the
role of intraocular lens implantation in this age
group needs further evaluation.6

COMPLICATIONS

There were few complications related to the
surgery from either group. There have been
two cases of glaucoma detected (one lensec-
tomy eye and one aspiration eye). The reported
incidence of open angle glaucoma following
cataract surgery in infants is anywhere between
5% and 24%.7–11 Open angle glaucoma appears
to occur with equal frequency after lens aspira-
tion or lensectomy9 12 but so far no randomised
clinical trials comparing surgical techniques on

the incidence of open angle glaucoma have
been published. Open angle glaucoma has
been associated with microcornea and surgery
at an early age.7 8 13 We expect to see cases
developing over the next few years but the inci-
dence may be lower in our study group because
the children are older at initial presentation
than in other groups studied.

Retinal detachment is a well recognised and
usually late complication of cataract surgery in
children. There have been two detachments so
far, both occurred in lensectomy eyes (3.6%).
Occasionally detachments occur within a few
months of surgery presumably related to vitre-
ous traction exerted during the procedure but
most detachments occur many years after sur-
gery with an average delay of 20–30 years14 15;
the overall incidence may be as high as
10%.16 17 A question that still remains unan-
swered is whether lensectomy with anterior vit-
rectomy will result in a higher or lower
incidence of retinal detachment.18 The addi-
tion of an anterior vitrectomy may hasten the
development of a posterior vitreous detach-
ment, which may increase the risk of an earlier
retinal detachment.

Our data show that eyes that had a
lensectomy required fewer secondary proce-
dures than those that had an aspiration and
primary capsulotomy. Data from other series
show that the aspiration technique without pri-
mary capsulotomy results in a 47–75% second-
ary opacification rate, aspiration with primary
capsulotomy a 4–12% rate (66% in our series
which is likely to be due to a small primary
capsulotomy combined with a marked inflam-
matory reaction in pigmented eyes), and
lensectomy 0–11% (2% in our series) (Table
5).

CONCLUSION

A recent workshop on childhood blindness
estimated that of 1.4 million blind children
worldwide, 130 000–200 000 is due to
cataract—that is, an average of 20–30 blind
children from cataract per million total
population.31 The incidence of bilateral non-
traumatic cataract is estimated to range from
20 000–40 000 cases per year.32

This clinical trial has shown that if follow up
to manage posterior capsule opacification and
maintain spectacle correction is available then
good visual outcome can be achieved with lens
aspiration. Lensectomy has the advantage of
not commonly requiring further surgical inter-
ventions. There were more problems with the
surgical technique and maintenance of equip-
ment in this series of lensectomy cases, which
may relate to the equipment that was available
for the procedure. The role of intraocular
lenses in young children with cataract in devel-
oping countries needs evaluation as this could
obviate the problem of lost and broken aphakic
spectacles. It is planned to follow this cohort
for a further 7 years in order to assess late
complications, particularly from glaucoma.

This study was supported by Sightsavers International and the
British Council for Prevention of Blindness.

Table 5 Secondary membranes complicating infantile cataract surgery

Type of surgery First author No of eyes in series
No of eyes developing
secondary membranes

Aspiration alone Chrousos12 304 189 (62%)
France27 77 29 (47%)
Taylor18 28 19 (68%)
Parks28 52 38 (73%)
Keech8 20 15 (75%)

Aspiration and primary Chrousos12 34 4 (11.7%)
capsulotomy Caputo29 76 3 (4%)

This series 56 37 (66%)
Lensectomy Chrousos12 54 0

Taylor18 23 0
Green30 52 6 (11%)
Keech8 105 10 (11%)
This series 56 1 (2%)
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