
Chapter 22

Cataract and Glaucoma in Retinopathy of Prematurity

Anthony J. Anfuso and M. Edward Wilson

Introduction

Effective treatment is now available for retinopathy of pre-
maturity (ROP) using peripheral laser ablation and cryother-
apy, as well as scleral buckling and/or vitrectomy for severe
ROP with retinal detachment. However, with the continued
improvement in survival of low birth weight and early gesta-
tional age infants, ROP remains a significant cause of child-
hood blindness.1 While ROP is well known for damaging
the posterior eye structures such as the retina and vitreous,
ROP and its treatment can also predispose patients to develop
anterior segment conditions, including cataract2 and glau-
coma3 (Table 22.1 4). In fact, patients with stage V ROP
have been reported to have a 30% risk of developing sec-
ondary angle-closure glaucoma5–7 and a 50% risk of devel-
oping cataracts.8

Glaucoma

As traditionally described in the literature, angle-closure
glaucoma associated with ROP occurs in infants and young
children, corresponding with the cicatricial phase of ROP,
which usually has its onset at the age of 3–6 months9,10

(Table 22.2). Kushner suggested another possible and rare
etiology when he described three cases of ciliary block glau-
coma.11 Rubeosis iridis or neovascularization of the iris
commonly occurs with chronic retinal detachment due to
ROP and can also lead to angle-closure glaucoma.12 Angle-
closure glaucoma has been reported after scleral buckling
and after laser treatment for ROP.13–15 Finally, angle-closure
glaucoma related to pupillary block may occur later in
childhood and even into adulthood in patients born with
ROP.16–19
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Table 22.1 Staging of ROP using the international classification4

Stage 1 – Demarcation line
Thin structure that separates avascular retina anteriorly from the

vascularized retina posteriorly
Stage 2 – Ridge

Ridge – thickening and elevation of the retina around the
demarcation line

Stage 3 – Extraretinal fibrovascular proliferation
Extraretinal fibrovascular proliferation or neovascularization

extends from the ridge into the vitreous (ridge/stage 2 ROP with
extraretinal fibrovascular proliferation)

Stage 4 – Partial retinal detachment
Stage 4A – Partial extrafoveal retinal detachment
Stage 4B – Partial foveal retinal detachment
Stage 5 – Total retinal detachment

In its most severe form, stage 5 shows a retina that is totally
detached and drawn up into a fibrous mass behind the lens

Table 22.2 Cicatricial phase of ROP

Cicatricial phase of ROP
When the acute phase ends and the regression or scarring phase

begins
The fairly characteristic findings of the cicatricial phase are

• Retinal folds
• Dragged disk
• Retinal pigment epithelium proliferation
• Vitreous membranes
• Intraretinal or subretinal exudation
• Retinal neovascularization
• Retinal holes
• Retinal detachment

Hittner postulated that angle-closure glaucoma is becom-
ing a more significant aspect of the ROP sequelae in his
older ROP population. This is not only due to the increased
survival of patients now reaching ages where progressive
anterior segment complications may occur more frequently
but also because advances in surgical technique have led
to improved vision, despite initial severe retinal pathology.
Thus glaucoma can be a vision-limiting factor in this popu-
lation.3
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Smith and Tasman reviewed 86 adult eyes with a history
of ROP and found that 16% had glaucoma; 7% had narrow
angle treated with iridotomy, open angle was diagnosed in
nearly 6%, and the remaining 3.5% had neovascular.20

Smith and Shivitz presented three cases of adults with a
history of ROP who presented with pupillary block glau-
coma17 and Michael presented ten eyes aged 12–45 years
with a history of ROP who presented with angle-closure
glaucoma.21 In the series by Michael, two had neovascu-
larization and the other eight had pupillary block. Ueda and
Ogino reported a case of pupillary block glaucoma in a 22-
year-old with a history of ROP who responded to irido-
tomy.18

Mechanism of Glaucoma

The angle-closure glaucoma in ROP patients has multiple
proposed mechanisms. In infants and children with stage V
ROP, the mechanism considered most likely to cause sec-
ondary angle-closure glaucoma is contraction of the retrolen-
tal membrane, during the cicatricial or scarring phase of ROP,
causing anterior displacement of the lens-iris diaphragm
and subsequent closure of the chamber angle3,5,21. Suzuki
demonstrated this mechanism with high resolution ultra-
sonography in three cases.19 Inflammation causing poste-
rior synechiae formation and the subsequent development of
pupillary block glaucoma can lead to angle closure in ROP
eyes.7,11 A thickened lens and shallow anterior chamber are
malformations commonly noted in ROP and could also lead
to pupillary block as well as account for the high degree of

Table 22.3 Non-retinal sequelae to ROP

• Rubeosis
• Thick lens
• Shallow anterior chamber
• Myopia
• Cataract
• Glaucoma

myopia often seen in children with ROP.7,22–24 (Table 22.3).
In a small cohort of children, McLoone used biometry with
the IOL Master (Zeiss Meditec, Dublin, CA) to verify that
eyes with a history of prior ROP had myopia associated with
steeper corneas and shallower anterior chambers compared
to control eyes with no history of ROP.25

Whatever the exact mechanism, there often is a reduced
passage of aqueous humor from the posterior chamber to
the anterior chamber, as iridectomy/iridotomy has frequently
been successful in curing the glaucoma episode16,17,19–21,26

(Fig.22.1a, b).

Initial Management

As mentioned previously, pupillary block is commonly the
cause of glaucoma in ROP patients, and therefore iridec-
tomy/iridotomy should be considered an initial treatment.
In the three cases of babies, who had had prior treatment
for ROP as infants, reported by Suzuki, the ultrasound was
able to show opening of the angle following the iridec-
tomy.19 Additionally, Walton recommended prophylactic iri-
dectomy when signs of cicatrization and shallowing of the

a b

Fig. 22.1 (a) Eye of an 8-year-old adopted child followed for sus-
pected ROP with retinopathy with macular dragging, high myopia in
this eye, and angle-closure glaucoma following a dilated exam. A
peripheral iridectomy was done, due to her age and nystagmus with
good control of the IOP. Cataract surgery will be done when her angle

further narrows, PAS develops, or elevated IOP ensues. (b) Note her
shallow anterior chamber, despite iridectomy thought secondary to
a large lens secondary to ROP. Photographs courtesy of Tom Mon-
ego, ophthalmic photographer, Dartmouth Hitchcock Medical Center,
Lebanon, NH
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Table 22.4 Cycloplegia in treating ciliary block glaucoma

Cycloplegia in treating ciliary block glaucoma
• Relax the ciliary muscle, which increases zonular tension and

pulls the lens-iris diaphragm posteriorly
• May be required indefinitely, due to the anterior rotation of the

ciliary body
• Miotics are contraindicated in ciliary block glaucoma as they

have the opposite effect of cycloplegia

anterior chamber are seen and are progressing, even when
no signs of glaucoma are present.1,12 Walton found that in
some patients, following peripheral iridectomy, continued
shallowing of the anterior chamber produced apposition of
the coloboma in the iris against the peripheral cornea leading
to ineffectiveness of the iridectomy. To avoid this complica-
tion, he therefore recommended a sector iridectomy.

However, iridotomy/iridectomy has not been universally
beneficial, suggesting that pupillary block is not the sole form
of glaucoma in ROP.16,27

Corticosteroids and cycloplegics have had some degree of
success in treating glaucoma in ROP eyes11,27 (Table 22.4).
Corticosteroids were shown often to be successful at con-
trolling IOP and eliminating ocular discomfort. However,
patients often experienced a rebound effect when attempting
to discontinue corticosteroids, leading Pollard to conclude
that they cannot be considered a definitive treatment16 and
cycloplegics are sometimes unsuccessful in treating pupil-
lary block, due to posterior synechiae formation, during the
cicatricial phase of ROP, which inhibits pupil dilation.16

After reporting ciliary block glaucoma in ROP eyes,
Kushner made two recommendations: (1) If after dilation
of ROP eyes there is noticeable deepening of the anterior
chamber, suspect ciliary block glaucoma, and (2) if ROP
eyes in acute angle glaucoma are unresponsive to miotic ther-
apy, consider treating with a cycloplegic.27 So while medical
treatments such as steroids and cycloplegics may not always
provide the definitive treatment, they should be explored
prior to surgery. Kushner argues that medical treatment as
opposed to surgery may be less costly, and provide less risk
to the patient, as well as less emotional trauma to the parents,
especially where there may be very limited visual potential.

Surgical Management

When iridectomy and medical management fail, surgical
management including lensectomy, tube shunt implantation,
cyclo-destructive procedures, or trabeculectomy is the next
step in management8 (Fig.22.2a, b). In cases of rubeotic
glaucoma, management is often difficult, but includes shunt
implantation in eyes with vision and cyclodestructive proce-
dures in blind eyes.8

Indications for Surgery

Lensectomy, which can effectively treat both pupillary and
ciliary block glaucoma by lessening the anterior displace-
ment of the iris and reducing angle closure, remains an effec-
tive means of controlling acute angle glaucoma in ROP.8 Pol-
lard reported that lensectomy was universally successful in
controlling pain and lowering IOP in eyes with a history
of ROP, although visual outcome was poor, due to retinal
detachment and cicatricial changes1,16,24,28 Because lensec-
tomy can keep the eye in a pain-free state, it is a preferred
alternative to enucleation in a young infant, as early enu-
cleation can lead to decreased growth of the bony orbit and
facial asymmetry.29 This disfiguring asymmetry, as well as
the possible problems and fitting of a prosthesis are thus
avoided According to Hittner, the most successful treatment
in stage V ROP is lens aspiration.2 Intraocular surgery on a
blind eye was deemed indicated in these cases to avoid enu-
cleation. However, efforts to reattach the retina are result-
ing in improved vision in some cases.1,9,30–32 Rarely, only
one eye develops severe cicatricial changes with angle clo-
sure, while the other eye is relatively free of ROP malforma-
tions. In this situation, Pollard recommends considering the
alternatives to lensectomy – including enucleation, retrob-
ulbar alcohol, or cyclocryotherapy – in order to avoid the
rare development of sympathetic ophthalmia in the good
eye.16

Cataract

Cataracts occur more commonly in ROP patients as com-
pared to general population. Low birth weight and prema-
turity are risk factors for both ROP and cataracts.33,34Like
glaucoma, cataracts also occur at a greater frequency
over time, now that treatment modalities have preserved
vision in eyes that would have otherwise been lost.
Transpupillary laser photocoagulation is now the stan-
dard treatment for threshold ROP. Compared to cryother-
apy, laser photocoagulation results in better structural and
functional outcomes. However, laser-treated eyes have a
higher incidence of secondary cataracts than cryo-treated
eyes.35–37 In 1997, Gold reported 68 cataracts in associa-
tion with ROP treatment.38 Sixty-two percent were associ-
ated with argon laser, 31% with diode laser, and 7% with
cryotherapy.

Lens opacities associated with ROP comes in three types.
First, focal punctuate or vacuolated opacities may occur
at the subcapsular level. These are usually transient and
visually insignificant.39,40 Second, progressive lens opacities
may occur in patients without retinal detachment. Most of
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a b

Fig. 22.2 (a) Slit and (b) fundus photo of a 23-year-old patient with a history of prematurity, high myopia, shallow anterior chamber, and angle
closure. Cataract surgery was pursued. Photographs courtesy of Dr. Elizabeth Sharpe, Charleston, SC

Fig. 22.3 Preoperative appearance of an infant eye status post treat-
ment for ROP to undergo cataract removal. Photo courtesy of Dr. M.
Edward Wilson, Storm Eye Institute, Charleston, SC

these eyes have had transpupillary laser treatment or “lens-
sparing” vitrectomy. These cataracts may progress rapidly
or much more slowly, but they almost always eventually
obstruct the entire visual axis and require surgery (Fig.22.3).
One study reported a median interval of 3 weeks for diagno-
sis of cataract after laser photocoagulation.41 These patients
may also develop glaucoma. The third type of cataract is
one that develops as a result of cicatricial ROP with reti-
nal detachment, which is also associated with glaucoma as
discussed previously. In one series,8 54.6% (17/31) of eyes
treated for advanced ROP had cataracts. In the series reported
by Smith and Tasman, 83.7% of the 86 adult eyes aged
45–56 years with a history of ROP had cataract or cataract
surgery.20

Operative Techniques

The two approaches to lensectomy in grade V ROP are pars
plana lensectomy versus lensectomy via the limbal approach.
A pars plana lensectomy can be combined with an attempt
at retinal repair. Pars plan lensectomy with anterior vitrec-
tomy was used successfully by Pollard for five eyes reported
with angle closure, after the age of 2.28 The limbal approach
is easier and more consistent, as the pars plana entry may
be difficult in these immature eyes with retinal detachment.
Even when the anterior chamber is extremely shallow, an
anterior corneal entry can usually be made with the assis-
tance of a viscous ophthalmic viscosurgical device (OVD).

A visually significant cataract after laser treatment or
vitrectomy for ROP is approached much like childhood
cataracts in children without ROP.2 At times the anterior cap-
sule can be fibrotic, but a vitrectorhexis can still be easily
performed.2 IOL (intraocular lens) calculations can be per-
formed using an immersion A-scan ultrasound unit and a
portable keratometer in the operating room, after the child
is under general anesthesia for cataract surgery. IOLs are
implanted routinely, unless the child is in the early months of
life and has microphthalmia. Most commonly, a single-piece
hydrophobic acrylic IOL is implanted in children. In antici-
pation of myopic shift of refraction, the IOL power for a child
undergoing cataract surgery should be customized based on
many characteristics – especially age, laterality (one eye or
both), amblyopia status (dense or mild), likely compliance
with glasses, and family history of myopia. For a child with
ROP and cataract, slightly higher hypermetropia may be con-
sidered in anticipation of developing more myopia, espe-
cially if treated with cryotherapy.42

A primary posterior capsulectomy and anterior vitrectomy
is performed for children who are younger than 6 years of
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age. If previous vitrectomy has been performed as part of the
ROP treatment, the surgeon must be aware that the posterior
capsule may have been violated during the previous surgery.
Lens surgery and glaucoma surgery can be done together
when necessary in eyes with previous treatment for ROP. The
vitrector handpiece is often used to create a peripheral iri-
dectomy, since in young children it is also used to perform
the capsulotomy, lens aspiration, posterior capsulotomy, and
anterior vitrectomy.

Outcomes

In all 15 patients in a report by Pollard,16 lensectomy cured
the glaucoma. Eight patients presented with acute angle-
closure glaucoma and the other seven had a chronic glau-
coma. All vision remained extremely poor in the range of
light perception to hand motion due to the prior ROP, but
all eyes remained pain-free and had resolution of their glau-
coma. This was a similar outcome to his cohort of five
patients with a history of ROP who presented with glau-
coma and were treated with pars plana lensectomy with ante-
rior vitrectomy.28 Thus, Pollard suggested lensectomy via the
limbal/corneal approach be considered in infants with grade
V ROP and secondary angle-closure glaucoma. Blodi warned
of potentially disastrous complications in opening an eye in
such patients.5 At times, the lensectomy is merely a precur-
sor to the inevitable enucleation. Lambert and coauthors41

reported a high rate of progression to total retinal detachment
and phthisis after cataract surgery in patients with a history of
transpupillary laser photocoagulation, even when the retina is
attached at the time of cataract surgery.

Other reports show a more encouraging surgical outcome
for cataract surgery with posterior chamber IOL implanta-
tion in children and adults with a past history of ROP.43–45

Yu reported on eight eyes with a history of ROP with cataract
treated with lensectomy, posterior capsulectomy, and anterior
vitrectomy with posterior chamber IOL.43 All the patients
were under the age of 2. Two eyes of the same patient
required cryotherapy and scleral buckle at the time of the
lensectomy. Two eyes were able to have vision measured at
20/60 at the last follow-up and the others were central steady
maintained fixation at the last recorded follow-up. These
eyes did not have glaucoma. Krolicki reported on cataract
surgery in ten adults with a history of ROP.44 Eight eyes
had improved vision. Six of the eyes had coexisting glau-
coma and the control improved following cataract surgery.
One eye developed a retinal detachment. Farr reported on 21
adult eyes with a history of ROP who underwent cataract
surgery.45 Eight eyes had narrow angle glaucoma and five
with open angle. Two eyes had angle closure treated with
iridectomy and one eye had phacomorphic glaucoma that

resolved with the cataract extraction, otherwise in their
series, the glaucoma control did not improve. No patient lost
vision with the surgery and 18 had improved vision.

Summary

In summary, ROP remains a leading cause of vision impair-
ment in children. Glaucoma and cataract can result from
the ROP or from the treatment needed to control the ROP.
Stage V ROP has a very high association with glaucoma and
cataract. However, glaucoma and cataract can also occur in
infants, children, and young adults after successful treatment
for ROP with preservation of vision. General principles of
pediatric anterior segment surgery should be followed for
cataract surgery in children. A history of prematurity should
be sought in patients with angle closure and other findings of
ROP, such as high myopia and evidence of prior retinopathy.
Cataract surgery should be considered in the treatment of the
angle-closure glaucoma in these eyes. Based on the report by
Farr, open angle glaucoma associated with a history or ROP
and concurrent cataract are unlikely to experience improved
glaucoma control with cataract surgery.45 The risk of retinal
detachment needs to be discussed with the patients and the
posterior segments monitored.
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