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Abstract
Background/Aims: Pediatric patients with treated retinopathy of prematurity
(ROP) may develop visually significant cataracts. We report the outcome of
cataract surgery in patients who had ROP treatment. Method: Retrospective
chart review of 19 eyes from 16 patients who had ROP treatment and subsequent cataract surgery between August, 2002 and March, 2015. Results: Eighteen of 19 eyes received laser treatment for ROP; 1 eye received intravitreal
bevacizumab. 5 eyes received lens-sparing pars plana vitrectomy (LSPPV) in
addition to laser. Average follow up was 10.1 ± 5.5 years. Average visual acuity
improved from 20/324 prior to and 20/110 after cataract surgery (p = 0.06).
13/19 (68%) of the eyes received laser only and developed cataracts an average
of 6.2 ± 5.6 years after laser treatment. 5/19 (26%) eyes developed cataracts an
average of 6.4 ± 4.2 years after LSPPV and laser. In one eye, a cataract developed after a bevacizumab injection 2.9 years after the injection. Visual axis
opacification (VAO) developed in 2/5 (40%) eyes after Ce/PCIOL/PPC-Antvx,
8/10 eyes (80%) after CE/IOL, and in 0/4 eyes after CE/PPC-AntVx. Ocular
comorbidities included strabismus, nystagmus, amblyopia, optic atrophy,
corneal band keratopathy, and phthisis bulbi. Conclusion: Cataract surgery in
patients who have a history of ROP can be complicated by anatomical changes
from prematurity and prior vitreoretinal surgeries. Vision improvement is limited by other ocular comorbidities.
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1. Introduction
Patients treated for retinopathy of prematurity (ROP) may suffer limited vision
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from amblyopia, anatomic retinal changes, and glaucoma [1]. Cataracts occur
frequently in this high risk population [2] [3] and cataract surgery may be complicated due to history of previous vitreoretinal surgery or ocular changes due to
the ROP. Postoperative management may present additional challenges due to
refractive changes over time, visual axis opacification (VAO), and anatomic retinal changes [4] [5] [6] [7].
The etiology of cataracts in patients treated with ROP laser is unclear. Studies
have evaluated the possibility of anterior segment ischemia as a potential cause
and have not found that earlier treatment for the ROP reduces the incidence of
cataract development [7].
There are limited reports on the complications and visual outcomes of cataract surgery in children who have received treatment for ROP. Because these patients have many other vision limiting comorbidities, the presence of cataracts
can pose a serious threat to the development of vision in these patients [7]. The
purpose of our study is to report the surgical and visual outcomes of cataract
surgery in pediatric patients who have had treatment for ROP.

2. Methods
Prior to initiating this study, institutional review board approval was obtained
from the Baylor College of Medicine for the retrospective study. A comprehensive database search of our electronic medical record was performed to identify
all patients treated for retinopathy of prematurity who had cataract surgery between August 2002 and March 2015. Inclusion criteria included patients with a
history of ROP treatment with laser or intravitreal injection and who received
cataract surgery with or without a lens implant for a subsequent cataract. Patients were excluded if they received lensectomy or cataract surgery at an outside
institution.
The medical records were reviewed for details regarding ROP treatment, best
corrected visual acuity (BCVA), slit lamp exam findings at each follow-up visit,
intraoperative complications, ocular comorbidities, and adverse events. Subject
parameters reviewed included sex, ethnicity, age at surgery, cataract laterality,
and time of onset of cataract.
For patients unable to cooperate in clinic, intraocular lens calculations were
performed in the operating room using immersion A-scan ultrasonography for
axial length measurements and keratometry was obtained using a handheld keratometer. Cataract surgery was performed using standard technique [8]. Briefly,
in cases in which the posterior capsule was left intact, a temporal clear corneal
incision was made using a keratome and a continuous curvilinear capsulorrhexis
was performed with utrata forceps; aspiration of the lens was accomplished using an automated irrigation/aspiration handpiece with the Accurus or Constellation system (Alcon Laboratories). In patients in which a primary posterior capsulotomy and anterior vitrectomy was planned, the anterior capsulotomy and
lens aspiration were performed using a mechanical vitrectomy handpiece using
DOI: 10.4236/ojoph.2017.74038
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bimanual technique. A primary posterior capsulotomy and anterior vitrectomy
was then performed through the pars plana approach in a standardized fashion
after placement of the intraocular lens.
All patients received a single piece, foldable acrylic IOL (Acrysof, SN60AT) if
the IOL was placed in the bag and a 3-piece foldable acrylic IOL (Acrysof,
MA60AC) if the IOL was placed in the sulcus. All patients were treated postoperatively with prednisolone acetate 1% eye drops every 2 hours for the first week
followed by tapering over the next 4 weeks. Topical moxifloxacin was given 4
times a day for 1 week postoperatively.
Paired t-tests were used to compare visual outcomes before and after cataract
surgeries, with significant difference defined as p ≤ 0.05. BVCA was converted to
logarithm of the minimum angle of resolution (LogMAR) before comparative
statistics. Visual acuity described as fix and follow were excluded from comparisons of BCVA. Low vision described as blink to light (BTL) and light perception
(LP) were converted to LogMAR 2.80, and no light perception (NLP) was converted to LogMAR 2.9 [9] [10] [11].

3. Results
A total of 19 eyes from 16 patients were identified which had cataract surgery
due to development of cataracts after previously treated retinopathy of prematurity during the study time period. Average follow-up for the patients was 10.1
± 5.5 years (range: 1.5 years - 16.8 years). Ten eyes received cataract extraction
with placement of an IOL (CE/IOL), 4 eyes received cataract extraction with anterior vitrectomy (CE/AntVx), and 5 eyes received cataract extraction with primary posterior capsulotomy and anterior vitrectomy (CE/IOL/PPC-AntVx)
(Table 1). All of the patients received laser treatment for ROP except one; this
Table 1. Patient demographics.
Demographics
Number of eyes

19 eyes

Male (%)

10 patients (37%)

Female (%)

6 patients (63%)

Estimated Gestational Age

24.8 ± 2.0 weeks

Birthweight

747 ± 233g

Age at cataract surgery

6.7 ± 5.0 years

Average length of follow up

10.1 ± 5.5 years

Average age at time of surgery
CE/IOL/PPC-AntVx (5 eyes, 26%)

3.3 ± 1.7 years

CE/IOL (10 eyes, 53%)

10.1 ± 4.2 years

CE/PPC-AntVx (4 eyes, 21%)

2.5 ± 3.3 years

Time between ROP treatment and cataract surgery
Laser only (13 eyes, 69%)

6.2 ± 5.6 years

Laser + LSPPV (5 eyes, 26%)

6.4 ± 4.2 years

Intravitreal Bevacizumab (1 eye, 5%)

2.9 years

CE, cataract extraction; IOL, intraocular lens; PPC, primary posterior capsulotomy; AntVx, anterior vitrectomy; LSPPV, lens sparing pars plana vitrectomy.
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patient received bilateral intravitreal injections of bevacizumab for bilateral stage
3 ROP with plus disease and developed a cataract in the left eye 3.4 months after
the injections. The cataract became visually significant 2.9 years after receiving
the injection. An isolated posterior capsular injury consistent with a needle entry
into the lens was noted during the time of cataract extraction.
Fifteen of 19 eyes (79%) had primary IOL implanted at the time of cataract
extraction; two of 15 (13%) of these patients had a sulcus fixated IOL placed with
the rest having the IOL placed in the capsular bag. Four of 19 eyes (21%) were
initially left aphakic and three of four these aphakic eyes (75%) were treated first
with contact lenses and then received a secondary sulcus IOL at an average age
of 2.2 ± 0.7 years (1.4 - 2.7 years). The fourth eye was intentionally left aphakic
since biometry measurements showed that the patient would require a −7.00D
IOL to yield emmetropia.
Eleven of 19 eyes (58%) were able to perform an objective visual acuity both
before cataract surgery and at the most recent visit. In these 11 patients, vision
improved from a preoperative BCVA of LogMAR 1.21 ± 0.87 (Snellen equivalent
20/324) to a post-operative BCVA of LogMar 0.74 ± 0.77 (Snellen equivalent
20/110) (p = 0.06).
Two of 5 of the eyes (40%) which had CE/IOL/PPC-Antvx and 8/10 (80%)
which had CE/IOL developed visually significant visual axis opacification (VAO)
during the study period (Table 2). In patients who had CE/IOL/PPC-Antvx, the
VAO involved lens reproliferation and in the patients who had CE/IOL, the
VAO involved opacification of the posterior capsule. Six out of ten (60%) of
VAO-affected eyes required a surgical posterior capsulotomy due to the patient’s
inability to cooperate for a Nd:YAG laser capsulotomy while awake, either due
to age or inability to fixate due to nystagmus. Two of the 6 (33%) surgical posterior capsulotomy cases were performed by a vitreoretinal surgeon rather than
by an anterior segment surgeon due to the concern of high risk for recurrent retinal detachment.
Intraoperative and post-operative complications are listed in Table 3. Iris
hooks were required for visualization in three of the cases due to pupillary miosis. One eye developed acute angle-closure glaucoma two days postoperatively
Table 2. Visual axis opacification.
CE/IOL/PPC-AntVx

CE/IOL

Number of eyes

5 eyes (26%)

10 eyes (53%)

Age at surgery

3.3 ± 1.7 years

10.1 ± 4.2 years

Eyes developing VAO

2 eyes (40%)

8 eyes (80%)

Time from CE to VS VAO

388.5 ± 232.6 days

911.3 ± 979.7 days

VAO treatment

Surgical PC-AntVx (2 eyes)

Surgical PC-AntVx (4 eyes)
Nd:YAG (4 eyes)

VAO, visual axis opacification; VS, visually significant; PC-AntVx, posterior capsulotomy and anterior vitrectomy; Nd:YAG, diode laser photocoagulation.
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Table 3. Intraoperative and postoperative complications.
Intraoperative
Pupillary miosis

3 eyes (16%)

Posterior synechiae

3 eyes (16%)

Anterior capsular fibrosis

3 eyes (16%)

Posterior capsular rent

4 eyes (21%)

Postoperative
Visual axis opacification

10 eyes (53%)

Pupillary membrane

1 eyes (5%)

Acute angle-closure glaucoma

1 eye (5%)

Complications during and after cataract surgery are listed for the 19 eyes included in the study.

due to an air bubble that became trapped in the posterior chamber; the angle
closure resolved with emergent removal of the air bubble in the operating room
and this patient has done well with final BCVA of 20/30. One eye developed a
pupillary membrane after cataract surgery that required 2 surgical interventions
to resolve. A posterior capsular rent was noted intraoperatively in four cases, and
the IOLs were placed successfully in the bag with no postsurgical complications
in 2 of the eyes. The remaining two patients received a sulcus IOL.
No patients developed a new or recurrent retinal detachment after cataract
surgery in the study period. One patient who had a history of two LSPPV procedures developed phthisis over time and the vision declined to NLP 4.4 years
after cataract surgery. Three of 19 eyes (16%) developed corneal band keratopathy 1.85 years (range: 6 days - 5.5 years) after cataract surgery. Five of 19 eyes
(26%) had documented optic atrophy and 6/16 patients (38%) had nystagmus.
Seven patients (44%) were treated for amblyopia. Seven patients (44%) had strabismus; four of these patients were esotropic and three were exotropic. Two out
of 7 of these patients (29%) received strabismus surgery during the study time
period.

4. Discussion
Cataracts can be challenging to treat in patients who have been treated for retinopathy of prematurity due to anatomic changes from previous laser or vitrectomy surgery [12]. The average incidence of pediatric cataracts in patients who
have had ROP laser treatment ranges from 0.003% - 6% [13] [14] [15] [16].
While sample size limited our analysis of laser parameters in eyes with cataracts
compared to eyes without cataracts, the possible role of photocoagulation in cataractogenesis has been discussed in other studies [15] [16] [17]. Although the
mechanism remains unknown, laser photocoagulation for treatment of retinopathy of prematurity has been proposed to cause cataracts through anterior
segment bleeding and inflammation or thermal damage via energy absorption
through persistent tunica vasculosa lentis. Some studies, however, have found no
significant difference in the incidence of cataracts in ROP eyes that have tunica
DOI: 10.4236/ojoph.2017.74038
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vasculosa lentis compared to the eyes that do not [16] [17]. Cataracts are a
well-known long term complication of lens-sparing posterior vitrectomy and
may occur in 15% - 19% of children under 27 months of age after this surgery
[18] [19].
Premature birth and ROP can also result in anatomical changes to the infant
eye. Anterior segment changes in ROP treated patients may include a smaller
eye, shorter axial length, a shallower anterior chamber, a more anteriorly inserted iris, and a thicker and more spherical lens [20] [21] [22] [23]. These
changes can make cataract surgery challenging, especially due to the high elasticity of the pediatric anterior capsule and steepness of the anterior lens. This, in
combination with an increased risk of zonular weakness and poor pupillary dilation, necessitates additional care in performing the anterior capsulorrhexis [8]
[12] [24].
Anatomic changes from prior vitreoretinal surgery can make cataract extraction challenging as well. Prior pars plana vitrectomy can reduce posterior support which complicates anterior capsulorrhexis, causes occult zonular instability,
and increases the risk of damage and instability to the posterior capsule [25].
Zonular weakness increases iris-lens-diaphragm mobility, thus leading to large
fluctuations in the anterior chamber depth [26]. In our patient population, posterior capsular rent and instability was noted intraoperatively in 4 patients and
led to placement of IOLs in the sulcus rather than in the bag in 2 of these patients.
Visually significant VAO is a common complication after pediatric cataract
surgery and can be amblyogenic, occurring in up to 71% of pediatric patients
who receive primary PPC-AntVx and virtually 100% of pediatric patients who
have the capsule left intact [7]. This is consistent with our data in which 80% of
the patients who had the capsule left intact required treatment for VAO within
2.5 years of the original cataract surgery. In young children or patients who are
developmentally delayed, PPC-AntVx is routinely performed due to a high risk
of development of VAO soon after cataract surgery [7]; in our study, this procedure reduced the development of VAO from 80% to 40%. If possible, we prefer to manage VAO with Nd:YAG laser capsulotomy, but many of our patients
required a surgical posterior capsulotomy with anterior vitrectomy due to developmental delay causing inability to cooperate or, even when cooperation was
good, nystagmus causing eye movement during the procedure. Due to the risk of
retinal re-detachment, collaboration with a retinal surgeon may be required to
perform the surgical posterior capsulotomy.
Other complications seen in our patient population included posterior synechiae. Because pediatric patients, in our experience, have greater postoperative
inflammation, longer and more frequent use of topical steroids is often necessary
after cataract surgery to reduce the incidence of synechiae.
The Early Treatment for Retinopathy of Prematurity Study found that 16% of
the ROP patients who received laser only developed retinal detachment by 9
DOI: 10.4236/ojoph.2017.74038
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months corrected age [27]. After lens-sparing vitrectomy (LSV) in children with
stage 4 and 5 ROP, recurrent retinal detachment has been reported to be between 25% - 73% of patients [19] [28]. Ezisi et al. noted retinal detachment to
occur after cataract surgery in 3.5% of their ROP patients treated by laser photocoagulation [12]. In our study, no patients developed a retinal detachment after surgery, but one patient with a history of treated retinal detachment did
progress to phthisis 4.4 years after cataract extraction. Given the high rate of patients with ROP who develop retinal detachment after laser, the risk of recurrence is an important consideration.
The use of intravitreal bevacizumab has become a more frequent method of
treatment for ROP [29]. Cataracts from mechanical lens injury due to intravitreal injections are rare but reported to occur in between 0% - 0.07% of all patients who receive intravitreal injections [30] [31] [32]. In studies involving adult
patients, Erdogan and colleagues found that iatrogenic lens injuries can progress
to visually significant cataracts in 7/9 (78%) of cases and can complicate surgery
in 2/9 (29%) of cases due to posterior dislocation of lens fragments during phacoemulsification [33]. Modifying surgical technique is recommended to address
the compromised capsular integrity [34]. In our patient who developed a cataract after an intravitreal bevacizumab injection, posterior capsule injury was
noted in advance of cataract development. As the use of intravitreal bevacizumab increases in popularity for the treatment of ROP, the possibility of lens injury should be noted.
Our study was limited by its retrospective nature and small sample size. As a
result, some data points were therefore not available. The young age or developmental status of our patient also limited our ability to quantify visual acuity
in some patients.
Cataract surgery for children with history of ROP treatments presents many
challenges. Prematurity and previous vitreoretinal surgeries may cause anterior
segment changes that present intraoperative challenges such as miotic pupils, iris
adhesions, a thicker lens, and capsular instability. Visual acuity can improve
with cataract surgery but may be limited by other ocular comorbidities associated with prematurity. These patients need to be followed closely for the development of VAO and recurrence of retinal detachments.
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