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Long-term outcomes following primary intraocular lens implantation in

infants younger than 6 months

Mithila Negalur, Virender Sachdeva®, Srividya Neriyanuri, Mohammed Hasnat Ali’>, Ramesh Kekunnaya

Purpose: To study the long-term safety profile and visual outcomes of primary intraocular lens (IOL)
implantation in infants <6 months of age. Methods: This was a retrospective observational study conducted
at a tertiary eye care center in South India. Infants under 6 months meeting the selection criteria who
underwent cataract surgery (lens aspiration, primary posterior capsulorhexis, and anterior vitrectomy)
with primary IOL implantation between January 2008 and December 2011 and minimum 3-year follow-up
were included. Patient demographics, serial refractions, visual acuity, complications, and associated
amblyopia/strabismus were reviewed. Visual acuity, myopic shift, and complications were the outcome
measures. Results: Sixty-nine eyes of 38 infants (31 bilateral; mean age: 4.6 months) were reviewed. Mean
follow-up was 51 months (range: 36-84). Median logMAR best-corrected visual acuity at the final visit was
0.74 (interquartile range [IQR]: 0.50-0.98) in eyes with bilateral cataracts and 0.87 (IQR: 0.60-1.14) in eyes with
unilateral cataracts with an average myopic shift of 6.7 diopters over 4.2 years. Most common postoperative
complication was visual axis opacification (VAO) (13 eyes, 18%), necessitating membranectomy followed
by pigmentary IOL deposits (11 eyes, 15%), and IOL decentration and glaucoma in four eyes each (5.6%).
Mixed linear effect model found no significant association of age, gender, laterality, and postoperative
complications with final visual acuity (P > 0.05). Eyes with unilateral cataracts had a greater myopic shift
than bilateral cases (P = 0.03). Conclusion: Primary IOL implantation in infants <6 months is reasonably
safe in appropriately selected infants. VAO was the most common postoperative complication, and a large
myopic shift was observed.
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Although pediatric cataract surgery has become standardized
and safer with modern-day instrumentation and surgical
techniques, implantation of intraocular lens (IOL) in the
infants remains controversial and challenging. Most surgeons
recommend deferring primary IOL implantation in infants
below 3 months in unilateral cataracts and <7 months in
bilateral cases. On the contrary, the Infant Aphakia Treatment
Study (IATS) showed that at 4.5-year follow-up, visual
outcomes were similar in pseudophakic and aphakic infants
treated with contact lenses (CLs)."! In addition, pseudophakic
children had a greater risk of visual axis opacification (VAO)
and additional intraocular surgery. The IATS recommended
limiting early primary IOL implantation for selected infants
with special concerns of cost and handling of CLs."?! In contrast,
Ram et al. reported that meticulous cataract surgery with IOL
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implantation in children <2 years was safe with good refractive
outcomes.”! Few other reports show good outcomes of IOL
implantation in younger infants over the short follow-up
period.®!

Pediatric cataract surgery in a developing country poses
additional challenges in terms of affordability, access to eye
care, awareness, and follow-up.[*”! Gogate ef al. reported that
about 79% of children did not follow-up after primary cataract
surgery.®® On active follow-up, 92% of these children needed
further intervention. Therefore, pediatric ophthalmologists in
developing countries prefer to implant primary IOL in infants
and younger children if considered safe. Currently, there are
only few reports of long-term follow-up among these children,
especially young infants.

The objective of the current study was to evaluate the safety
profile, visual outcomes, and complications of primary IOL
implantation in infants <6 months of age in a tertiary care
center in Southern Indjia.
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Methods

This retrospective study was conducted at a tertiary eye care
center in South India. We included children with congenital
cataracts <6 months of age, seen at our institute, between
January 2008 and December 2011 who underwent cataract
surgery with primary IOL implantation. Decision to implant
IOL was based on minimum corneal horizontal white to white
diameter of 10 mm, without associated anterior-segment
dysgenesis/increased intraocular pressure (IOP). The study was
approved by our Institutional Review Board and adhered to the
tenets of the Declaration of Helsinki. We included children with
a minimum of 3-year follow-up and excluded children with
traumatic or complicated, postuveitis, and postretinoblastoma
cataracts and children with shorter follow-ups.

Preoperative evaluation, ocular/systemic workup,
preoperative biometry at the time of the surgery, and the standard
pediatric phacoemulsification, anterior vitrectomy, primary
posterior capsulotomy, and posterior chamber IOL implantation
were performed as described before.”’ The IOL power was
under-corrected according to the guidelines published by
Enyedi et al.""! The Sanders-Retzlaff-Kraff II formula was used
for IOL power calculation. The operated eyes were implanted
with single- or three-piece hydrophobic (Alcon — Acrysof
SA60AT, Acrysof MA60AC) or hydrophilic acrylic foldable
lenses (RYCF lens, Care group, Gujarat, India; John Fowler,
John Fowler Ophthalmics Pvt., Ltd., Bangalore, Karnataka,
India; Akreos, Bausch and Lomb, Rochester, USA).

Postoperatively, all patients were prescribed topical
tobramycin 0.3% four times a day for a week, atropine sulfate
1%: or Homatropine bromide 2% twice a day for 2 weeks,
and prednisolone acetate 1% 8-12 times a day, which was
gradually tapered off over 6 weeks. After examination on the
1%t postoperative day, an examination under anesthesia was
performed at 1-2-week postoperatively at which time glasses
were prescribed. All children were followed up at 1 month,
thereafter 3 monthly up to 1 year, and then 6 monthly. At
each visit, a complete ocular workup was performed which
included retinoscopy followed by handheld standard slit-lamp
examination to note the IOL centration, ocular inflammation,
VAQ, if any, and IOP, measured with a Perkins Tonometer
(Clement Clarke International, Harlow, UK) or I-care
Tonometer (ICare® TAOL1i, Finland).

Visual status was assessed with Teller Acuity Cards,
Lea symbols, Kay picture charts, or Snellen charts as was
most suitable in each case and converted to logMAR scale.
Amblyopia treatment in the form of part-time occlusion was
advised wherever necessary, and the same was recorded
from the patient charts. Data were collected regarding the
age at surgery, preoperative visual acuity, ocular alignment,
presence of nystagmus, axial length (AL), keratometry, IOL
power, and its type and location of implantation using the
data. Postoperatively, visual outcome and factors affecting it,
refractive status along with myopic shift, complications if any,
and need for a second surgery were analyzed.

The child was considered to have glaucoma if the IOP
was >22 mmHg with the presence of increased optic nerve
cupping and/or myopic refractive shift. IOL was recorded as
decentered if the edge of the optic was seen in the pupillary
area at undilated or dilated state.

Statistical analysis

Statistical analysis was performed using the R 3.1.2 software
(R Core Team (2014). R: A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. URL http://www.r-project.org). Descriptive
statistics were used to summarize the variables. We determined
the rate of complications and myopic shift for the whole cohort.
Univariate and multivariate analysis were used to study the
effect of factors affecting visual outcomes, myopic shift, and
incidence of complications. Linear mixed effect model was used
to account for the effect of including data from both eyes of
the patients. A P <0.05 was considered statistically significant.

Results

From January 2008 to December 2011, 130 infants underwent
cataract surgery with primary IOL implantation at our
institute. Of these, 69 eyes of 38 infants under 6 months of age
(20 males and 18 females) met the study criteria. Table 1 shows
the baseline characteristics of the patients. Median follow-up
period was 48 (32-84) months.

All cataracts were familial/idiopathic in etiology. Thirty-one
infants underwent bilateral surgery, while seven had
unilateral surgery. Median follow-up duration was 48 months
(range: 36-84 months). The IOL was implanted in the capsular
bag in 65 (94.4%) eyes, in the sulcus in 3 (4.2%) eyes, and in the
bag-sulcus placement in 1 (1.4%) eye.

Median best-corrected visual acuity (BCVA) was 0.74
logMAR, Snellen equivalent: 20/100 (IQR: 0.50-0.98) for
children with bilateral cataracts and 0.87 logMAR, Snellen
equivalent: 20/150 (IQR: 0.60-1.14) for children with unilateral
cataracts. At the end of 3 years, 26 eyes (37.7%) had a BCVA
of 20/80 (0.6 logMAR) or better, of which only 2 (2.8%) had an
acuity of 20/40 or better. Forty-three eyes (62.3%) had acuity
worse than 20/80 including seven eyes where visual acuity
could not be recorded with a chart. Fig. 1 shows the distribution
of final visual acuity among the children with unilateral and
bilateral cataracts with follow-up of > 3 years.

Univariate analysis using a linear mixed effect model
found no statistically significant influence of age at surgery,
gender, laterality of cataract, planned under correction of
IOL power, and development of postoperative complications
on final visual acuity (P > 0.05 for all observations) as shown
in Table 2.

Table 1: Baseline characteristics of the children in the
study

Characteristics n/median (range/IQR)

Age at surgery (months) 5, (IQR: 4-6)
Gender (male:female) 21:19
Bilateral: unilateral, infants 31:9
Etiology: Eyes idiopathic/familial 69
Follow-up (months) 48 (32-84)

Keratometry (D)
Axial length (mm)

Emmetropic IOL power (D)
Implanted IOL power (D)

45 (IQR: 43.81-46.44)
18.9 (IQR: 18.43-19.50)

33.5 (19.2-41.5)
26.5 (14.5-30)

I0L: Intraocular lens, D: Diopters, IQR: Interquartile range
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Table 2: Univariate analysis with linear mixed model showing the effect of various factors affecting visual acuity and

myopic shift at 3 years

Patient characteristic Final visual acuity Patient characteristic Myopic shift
P 95% ClI P 95% CI

Age (years) 0.43 -0.12-0.06 Age 0.88 -0.88-0.76
Gender 0.72 -0.19-0.28 Gender 0.72 -1.82-2.60
Laterality 0.53 -0.26-0.34 Laterality 0.03 0.34-5.90
IOL under-correction 0.67 -0.07-0.05 IOL under-correction 0.23 -0.87-0.22
Visual axis opacification 0.53 -0.26-0.08 Baseline axial length 1.00 -0.98-0.98
IOL deposits 0.17 -0.06-0.50

ClI: Confidence intervals, IOL: Intraocular lens
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Figure 1: Visual outcomes of primary intraocular lens implantation in
infants <6 months. Box and whisker plot showing final visual acuity
outcomes following primary intraocular lens implantation in bilateral
versus unilateral cataract surgery groups. Final visual acuity was
slightly better in eyes with bilateral cataracts, but difference was not
statistically significant

Myopic shift

Fig. 2 shows the serial postoperative refraction at each follow-up.
There was a steady decline in the postoperative hypermetropia,
and at 3-year follow-up (mean patient age: 41.4 months),
median spherical equivalent was -0.25 D (IQR: 2.0 to +2.1;
range: —-12.5 to 10.50 D).

Median axial elongation in the eyes with cataracts was
1.73 mm in bilateral cataracts and 2.80 mm in unilateral
cataracts at 3-year follow-up. The average myopic shift was
2.00 D/year reaching a median shift of 6.02 D after 3 years.

At 5-year follow-up, the median spherical equivalent
was —1.31 D (data available for 10 infants) with a total myopic
shift of 8.43 D. Median postoperative keratometry at the
end of 3 years was 44.31 D (40.0-48.1 D), while the AL was
20.68 (18.0-27.4) mm.

Univariate analysis using mixed linear effect model found
this myopic shift to be significantly higher in unilateral cataracts
compared to bilateral cataracts (P =0.03), while other parameters
such as age, gender, IOL under-correction, and preoperative
AL did not have a significant association as shown in Table 2.
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Figure 2: Visual outcomes of primary intraocular lens implantation
in infants <6 months. Line diagram showing the serial refraction and
myopic shift. Overall, an average myopic shift of 6.02 D was observed
at the end of 3 years

Postoperative complications

Fig. 3 shows the distribution of various postoperative
complications observed in our series.

Visual axis opacification

The most common complication was VAO. Thirteen eyes (18.8%)
developed VAO necessitating membranectomy at a median
follow-up of 6 months. Development of VAO was not significantly
associated with age at surgery (odds ratio: 0.79, P = 0.49,
confidence interval [CI]: 0.41-1.55), gender (odds ratio: 0.50,
P =0.40, CI: 0.09-2.60), and laterality of cataract (odds ratio:
1.31, P = 0.82, CI: 0.13-13.75) as studied by generalized linear
mixed model. There was no recurrence of VAO.

Intraocular lens deposits

In the current study, 11/69 eyes (15.9%) with hydrophilic IOLs
developed deposits. This was visually significant only in three
eyes necessitating an IOL exchange for a hydrophobic lens.
Age at surgery (P = 0.90), gender (P = 0.96), and laterality of
cataract (P = 1.02) did not influence the development of IOL
deposits.

Intraocular lens decentration

IOL decentration was noticed in 4/69 eyes (5.6%). One
eye was a true dislocation into the vitreous cavity, 3 years
after surgery, which was explanted following a pars plana
vitrectomy, and a three-piece hydrophobic IOL was implanted
in the sulcus.
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Figure 3: Visual outcomes of primary intraocular lens implantation
in infants <6 months. Pie chart showing proportion of various
postoperative complications (if any) at the end of 3 years. Most common
complication was visual axis opacification followed by intraocular lens
decentration and glaucoma

Increased postoperative Inflammation:

Posterior synechiae were noted in 1 eye (1.4%) and increased
anterior-chamber inflammation with fibrin in the pupillary
region was observed in 1 eye (1.4%) in the early postoperative
period. This resolved with frequent use of topical steroids and
none of the patients required oral steroids.

Glaucoma

Two eyes (2.9%) developed glaucoma, of which one were
managed with topical antiglaucoma medications and one eye
underwent Ahmed glaucoma valve implantation 8 months
postoperatively. Two eyes (2.8%) developed a transient rise
in IOP which resolved with topical antiglaucoma medication
over 3 weeks.

Alignment

At initial evaluation, strabismus was noted in seven infants
(17.5%; 5 esotropia, 2 exotropia) with nystagmus in 17 infants
(42.5%). Following cataract surgery, four children (10%) also
underwent squint surgery to correct associated strabismus. At
the final visit, however, 16 children (40%) had heterotropia, of
which six had esotropia, seven had exotropia (including both
intermittent and constant exotropia), while three children had
a dissociated vertical deviation.

An overall complication rate of 29.6% was noted with a
second surgical intervention required in 17 eyes (20 surgeries).

Discussion

Although there is an increasing trend toward primary IOL
implantation in infants, there are limited studies reporting
long-term postoperative outcomes in younger infants. The
current study found encouraging visual results with 38.7% of
eyes in the bilateral surgery group and 22.2% in the unilateral
group achieving a BCVA of >20/80 (0.6 logMAR) or better. This
is similar to the IATS that reported 38.6% of infants treated with
CLs and 36.4% of infants with IOL had a BCVA of >20/80 at
4.5 years of age (median BCVA 0.90 logMAR in both groups)
and 11% of the pseudophakic eyes had a BCVA of 20/40 or

better.”! Lambert ef al. reported a mean grating visual acuity
of 0.70 + 0.32 logMAR in children with infants with unilateral
cataract <6 months of age.'! These were slightly better than
our results with median logMAR BCVA of 0.78 in all patients,
0.74 in bilateral and 0.87 unilateral cataracts.

This might be attributed to the inclusion of children
(4 bilateral and 1 unilateral) with severe corticovisual
impairment (with hypoxic-ischemic encephalopathy sequelae
on magnetic resonance imaging), cases with poor compliance
to regular follow-up, and refractory amblyopia despite very
good surgical outcomes. If these are excluded, median BCVA
in the study population improved to 0.69 logMAR.

Final BCVA was not significantly different in the unilateral
or bilateral cataract groups in this study. This might be
attributable to smaller sample size in the unilateral group.
Further, age, gender, IOL power, and two most common
amblyogenic postoperative complications, i.e., VAO and IOL
deposits, did not influence the final visual outcome. This might
be attributable to the timely intervention as deemed necessary
by a surgeon.

In the current study, the average myopic shift at 3 years
was noted to be 6.02 D (i.e., about 2 D/year). Median standard
error declined from +5.75 D in the 1 postoperative week
to —0.25 D at 3 years. Most of this myopic shift occurred in the
1% year after surgery (1.32 D at 6 months, 1.13 by 1 year), with
aslower progression at 2 years (0.03 D). Another large shift was
noted at 3 years (2.44 D). Of the ten children who followed-up
till 5 years, median myopic shift was found to be by 8.43 D.
The axial elongation in the eyes with cataract was more in the
unilateral cataract group at 3-year follow-up, contributing
to a significantly greater myopic shift in those cases. This is
similar to the prior reports by Hussein and Markhan, who
reported more AL elongation in unilateral (4.83 + 1.44 mm)
compared to bilateral cataract (4.28 + 1.55 mm), though this was
statistically insignificant (P = 0.26).'¥ Fan et al. also reported
that in infants (mean age 6.7 months) undergoing primary IOL
implantation, mean AL elongation was 2.71 mm in operated
eyes versus 3.17 mm in fellow eyes at 3 years.!””! The reported
mean myopic shift was 7.11 D and was greater in infants
operated before 6 months.!

The IATS reported that the baseline AL in cataractous eyes
was shorter than the fellow eyes.!""! The rate of AL elongation
was lesser in the aphakic group compared to the pseudophakic
group (0.17 mm/month vs. 0.24 mm/month, respectively)
and was unaffected by age at surgery. The overall myopic
shift at the end of 5 years was 8.3 D.>"! Furthermore, they
reported an overall mean absolute postoperative predictive
error of 1.8 + 1.3 D in those receiving primary IOL with a
larger predictive error in eyes with ALs shorter than 18 mm
and those with IOL power 230 D.I"™ This high myopic shift is
mainly attributable to continued axial elongation and gradual
decrease in the lens power.

The current study had an overall complication rate of
29.6% with 17 eyes (23.9%) requiring a second surgical
intervention (20 surgeries). Supplement Table 1 compares the
distribution of refractive outcomes and complications in the
current study with the major studies in the reported literature.

Like prior major studies, VAO was the most common
complication in our series involving 13 eyes (18.8%) at 6 months
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postoperatively. Trivedi ef al. reported that 37.9% of eyes
developed VAO (with hydrophobic acrylic IOL) requiring
secondary surgical intervention at a median follow-up of
4.8 months.I"*! Average age at surgery for eyes with VAO was
3.8 months compared with 5.4 months, for those whose visual
axis remained clear. In the current study, 18.3% of the eyes
developed VAO. Majority of these children developed VAO
within 6 months of surgery requiring membranectomy, except
one eye who underwent membranectomy at 3 years. None
had a recurrence. Lundvall and Zetterstréom reported VAO
in 67% of infant eyes that had cataract extraction with IOL
implantation even though a posterior capsulorhexis and an
anterior vitrectomy were performed.” Sukhija et al., in their
study on IOL implantation under 2 years of age, reported
reopacification of visual axis in 13.3% of eyes and suggested
that VAO might be determined by the site of IOL implantation
and adequacy of anterior vitrectomy.”)

Another factor affecting the clarity of visual axis is the
formation of deposits on the IOL surface. In the current study,
11 eyes (15.9%) with hydrophilic IOLs had pigment deposits.
However, these were visually significant in only three eyes
requiring an IOL exchange for a hydrophobic IOL. Similar
complication and resurgery rates have been noted with
hydrophilic IOL implantation as compared to hydrophobic
IOLs.'® In one of the previous publications from our institute,
we observed increased incidence of significant IOL deposits
when hydrophilic IOLs were implanted in infants."! This
was possibly due to the IOL material and its processing which
attracts calcium and phosphorus ions in the irrigating solutions
and viscoelastics to form deposits over the IOL. These eyes
underwent IOL explantation to prevent sight-threatening
amblyopia. Although, at our institution, we have used these
for a short time, many years ago, when the use of these IOLs
was dependent on the surgeon’s choice, in view of increased
risk of deposits, we recommend avoiding the use of hydrophilic
IOLs in young children. As of now in our routine practice, we
no longer use the hydrophilic IOLs in children and recommend
avoiding the use of hydrophilic IOLs in young children.

Development of postoperative glaucoma in pseudophakic
children remains a concern for all pediatric ophthalmologists.
The IATS™ reported incidence of glaucoma to be 16% in the
aphakic eyes and 19% in the pseudophakic eyes at 5-year
follow-up and suggested younger age at the time of surgery
and smaller corneal diameter to be significant risk factors for
development of glaucoma. Other studies?®*! have reported
that IOL implantation may exert a protective effect against
development of glaucoma in these eyes and reported a lower
incidence. In the current study, two eyes (2.9%) developed
glaucoma; one was following vitreoretinal surgery for a
dislocated IOL, while another one was without predisposing
factors or secondary intervention and developed glaucoma
secondary to cataract surgery. In addition, two eyes developed
a transient rise in IOP which resolved with topical antiglaucoma
medication over 3 weeks.

Preoperatively, seven infants (17.5%) had manifest
strabismus; five had esotropia, while two had exotropia.
This was associated with nystagmus in 17 infants. Of these,
four children required squint surgery following the cataract
extraction to correct the ocular alignment. However, at the
final visit, 16 children (40%) had heterotropia, of which six had

esotropia, seven had exotropia (including both intermittent
and constant exotropia), while three children had a dissociated
vertical deviation. Bothun et al. have reported manifest
strabismus in 38 pseudophakic infants (66.7%) at the end of
1 year. They also found a lesser tendency for strabismus
when early cataract removal had been done stressing the need
for timely intervention.

Overall, the current study reported a slightly lower rate
of the postoperative complications. As per our protocols,
postoperatively, topical steroids were given in a tapering dose
starting 8-12 times a day along with 1% atropine sulfate eye
drops twice daily. Only one eye developed a fibrinous reaction
in the early postoperative period, for which the frequency of
steroids was increased, and none of our patients required oral
steroids.

Two of our patients required a second surgery for IOL
decentration, of which one was a true dislocation into the
vitreous cavity. None of the children in this study developed
endophthalmitis or retinal detachment till the last follow-up.

The limitations of our study are its retrospective nature,
different protocols for vision testing at different ages, and
difficulty in monitoring patching compliance. However, despite
its limitations, this study is one of the largest studies to look at
the visual outcomes and postoperative complications in infants
under 6 months of age.

Conclusion

The current study suggests that primary IOL implantation in
the selected children (without anterior-segment dysgenesis or
glaucoma, having age appropriate corneal diameter and AL)
is safe even in experienced hand in infants <6 months of age.
However, further studies with longer follow-up studies of these
cohort of patients are necessary.
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