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Sudarshan Khokhar1,3, Abhidnya Surve1,2,3, Saurabh Verma1,2,3, Shorya Azad2,3, Parijat Chandra2,3, 
Chirakshi Dhull1,2,3, Rajpal Vohra2,3

Access this article online
Website:  
www.ijo.in
DOI:  
10.4103/ijo.IJO_125_21
PMID:  
*****

Quick Response Code:

Preterm	babies	with	retinopathy	of	prematurity	(ROP)	can	become	blind	if	they	do	not	receive	appropriate	
timely	 intervention.	 The	 presence	 of	 cataract	 in	 these	 individuals	 in	 addition	 to	 visual	 deprivation	
amblyopia,	also	delays	proper	screening,	adequate	 treatment,	and	makes	 follow‑up	assessment	difficult.	
Anatomical	differences	in	these	infants	and	amblyopia	management,	especially	in	unilateral	cataract,	are	
other	important	concerns,	and	hence,	management	of	these	cases	with	cataract	and	ROP	is	challenging. In 
this	review,	studies	where	ROP	cases	were	associated	with	cataract,	were	evaluated	with	a	focus	on	preterm	
individuals	 less	 than	 6	months	 age.	Preterm	babies	 are	 at	 increased	 risk	of	developing	 cataract	 because	
of	 systemic	 factors.	 In	 addition,	 those	with	 ROP	may	 have	 cataract	 associated	with	 retinal	 detachment	
or	treatment	received.	The	type	of	cataract,	risk	factors,	and	pathophysiology	associated	with	each	cause	
varies.	This	review	highlights	these	different	aspects	of	cataract	in	ROP	including	causes,	pathophysiology,	
types	 of	 cataracts,	 and	management.	 The	management	 of	 these	 cases	 is	 critical	 in	 terms	 of	 the	 timing	
of	 cataract	 surgery	 and	 the	 challenges	 associated	with	 surgery	 and	 posterior	 segment	management	 for	
ROP.	Anatomical	differences,	preoperative	retina	status,	pupillary	dilatation,	neovascularization	of	iris	in	
aggressive	posterior	ROP,	fundus	examination,	amblyopia,	and	follow‑up	are	various	important	aspects	in	
the	management	of	the	same.	The	preoperative	workup,	intraoperative	challenges,	postoperative	care,	and	
rehabilitation	in	these	individuals	are	discussed.
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A	 cataract	 is	defined	as	 any	opacity	 in	 the	 lens	 and	has	 a	
prevalence	 of	 1.2–6	 cases	per	 10,000	 infants.[1] The normal 
development	 of	 a	 fetus	 occurs	up	 to	 40	weeks	 gestational	
age	(GA).	In	India,	babies	born	before	34	weeks	GA,	having	
birth	weight	 (BW)	 less	 than	 2,000	 g	 and	 those	 >34	weeks	
GA	or	 >2,000	 g	 BW	with	 high‑risk	 factors	 are	 at	 risk	 for	
retinopathy	of	prematurity	(ROP)	and	need	to	be	screened.[2] 
The	incidence	of	ROP	in	these	preterm	babies	has	increased	
due	to	an	increased	survival	rate	of	preterm	and	poor	health	
care	 regulations	 regarding	 neonatal	 care	 and	 screening	
guidelines.	These	preterm	low	BW	babies	are	also	at	risk	to	
have	cataract	and	an	incidence	of	0.97–1.9%	is	seen.[3,4] These 
lenticular	opacities	can	lead	to	difficulty	in	assessment	of	the	
posterior	segment	status	and	management	of	same.	Herein,	
we	review	the	characteristics	of	cataract	in	ROP	babies	and	the	
management	of	these	cases.

Methods
A	literature	search	including	Medline,	PubMed,	and	Scopus	
was	 performed	 using	 the	 keywords	 “cataract,”	 “cataract	
surgery,”	“preterm	babies,”	and	“retinopathy	of	prematurity”	
using	 “and/or.”	All	 longitudinal	 studies	 retrospective,	
prospective,	 and	 case	 reports	 published	 before	May	 2021	

where	 cataract	developed	 in	ROP	and	cataract	 surgery	was	
performed	were	evaluated.	Cited	studies	not	identified	through	
these	sources	were	identified	by	reviewing	the	reference	list	in	
individual	articles.	Studies	that	did	not	have	ROP	cases	were	
excluded.	Herein,	we	have	primarily	discussed	the	morphology	
and	 causes	of	 cataract	 in	young	preterm	babies	with	ROP,	
their	effect	on	the	evaluation	of	ROP	screening,	and	how	to	
manage	such	cases	to	allow	a	child	to	have	good	visual	acuity.	
Further,	an	additional	literature	search	was	made	on	“Pediatric	
cataract	surgery	in	individuals	less	than	6	months”	for	guiding	
the operative and postoperative management in these young 
preterm	babies.

Morphology of Cataracts
Different	morphologies	 of	 cataract	 [Fig.	 1a-d] seen in 
babies	with	 ROP	 [Table	 1]	 include	 focal,	 zonular,	 total,	
anterior	subcapsular,	or	posterior	subcapsular	opacities.[3,5‑9] 
Focal	 opacities,	 either	punctate	 or	 vacuolated,	 are	 seen	 in	
approximately	2.7%	of	low	BW	infants,	while	total	or	posterior	
subcapsular	 opacities	 are	 usually	 associated	with	 retinal	
detachment	(RD).[10,11]
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Etiology and Pathophysiology
Infantile	cataract	can	develop	due	to	various	reasons	including	
intrauterine	infection,	drug/drug	metabolite‑related	deposition,	
metabolic	disorders,	and	inherited	disorders.	Many	of	these	
cases	are	bilateral	but	asymmetrical	presentation	is	common.[1,12] 
Premature	babies	are	further	at	more	risk	because	of	various	
factors.	Cataract	formation	is	seen	at	different	durations	ranging	
from	10	days	to	13	months	in	laser‑treated	and	2	months	to	
5.6	years	in	post‑vitrectomized	eyes.[3,4,13‑15] Pathophysiology of 
cataract	in	cases	with	ROP	may	be	related	to	different	etiology	
as	discussed	below:

1.	 Systemic	factors
	 Preterm	babies	are	at	risk	of	metabolic	acidosis	and	sepsis	
during	 their 	 treatment	phase.	These	 can	 lead	 to	osmotic	
changes	in	the	lens	causing	cataract	formation.	The	usual	
form	 seen	 in	 these	 cases	 is	 the	 bilateral	 clear	 vacuoles	
formation	along	 the	apices	of	 the	posterior	 lens	 surface.	
These	opacities	 are	 transient,	 visually	 insignificant,	 and	
mostly	clear	over	several	months	but	can	progress	to	total	
opacification	in	some.[1,4,10,11]

2.	 Complicated	cataract
	 A	complicated	cataract	is	seen	in	those	associated	with	RD,	
mostly	in	cases	with	advanced	stage	retinopathy.[16] It may 
present	as	a	posterior	subcapsular	cataract	with	polychromatic	
luster	or	partially	absorbed	membranous	cataract.

3.	 Post‑treatment
	 Various	management	options	in	ROP	include	cryotherapy,	
laser	therapy,	intravitreal	anti‑vascular	endothelial	growth	
factor	(VEGF),	and	pars	plana	vitrectomy	(PPV).	Association	
of	cataract	development	with	treatment	modality	is	variable	
in	literature	and	needs	to	be	studied.

 a.  Cryotherapy: Though previously used as a treatment of 
choice	 for	 threshold	ROP,	 it	 is	 known	 to	 cause	more	
inflammation	 in	 comparison	 to	 laser	 because	 of	 the	

blood‑retinal	barrier	breakdown.	Still,	cataract	was	not	
seen	as	a	major	complication	 in	various	studies.[17,18] In 
the	CRYO‑ROP	study,	cataract	surgery	was	performed	
in	only	2%	of	the	cases	with	equal	distribution	in	treated	
and	nontreated	cases.[19]	This	may	be	related	to	a	broad	
area treated at a single moment and the short duration 
of	inflammation	associated	with	it.

 b.  Laser:	 Laser	 is	 preferred	over	 cryotherapy	because	 of	
lesser	complications	of	pain,	adnexal	edema,	exudative	
RD,	vitreoretinal	traction,	and	vitreous	hemorrhage.	The	
type	of	laser	used	in	the	treatment	of	ROP	includes	argon,	
diode,	 and	df‑NdYAG	 laser.	The	 incidence	of	 cataract	
in	 laser‑treated	ROP	 is	variable	 ranging	 from	0.003	 to	
6%.[4,15,20‑23] Among them, argon laser had the highest 
rate	of	secondary	cataract	development.[15,24] Prominent 
anterior	vasculosa	lentis,	inadvertent	burns	placed	on	the	
iris	or	ciliary	body,	and	confluent	laser	therapy	are	the	
proposed	risk	factors	 for	cataract	 formation	post‑laser.	
The	following	mechanisms	may	play	a	role:

•		Thermal injury: The total amount of laser energy used 
depends on the type, power, duration of laser, and the 
number	 of	 laser	 spots.	 Lens	protein	 and	hemoglobin	
absorb	the	energy	of	the	laser.	This	prominently	occurs	
in	 the	case	of	persistent	 tunica	vasculosa	 lentis	 (TVL),	
commonly	 present	 in	 preterm	 babies.[20] As longer 
wavelength	 energy	 (810	 nm)	 is	 less	 absorbed	 by	
hemoglobin,	the	incidence	of	cataract	was	found	lower	
with	diode	laser	energy.[25]	But	Davitt	et al.[4] found no 
correlation	between	cataract	and	energy	of	the	laser	used.

•		TVL: Premature	infants	have	some	amount	of	intact	TVL.	
The	hemoglobin	absorbs	laser	energy	at	the	lens	surface	
leading	to	alteration	in	the	permeability	of	the	lens	anterior	
capsule.	 This	 further	 affects	 the	 osmotic	 balance	 and	
leads	to	the	formation	of	a	cataract.	In	a	very	premature	
child,	aggressive	posterior	ROP	(APROP)	represents	an	
aggressive	form	of	the	disease	with	iris	neovascularization,	
poor	pupillary	dilatation,	hazy	vitreous,	a	large	area	of	
avascular	 retina,	 and	 severe	plus	disease.	These	 cases	
require higher power, duration, and more laser leading to 
higher	cumulative	energy	being	used	further	increasing	
the	risk.	But	studies	have	also	shown	a	similar	incidence	
of	 cataract	 in	ROP	 cases	 not	 having	prominent	 TVL	
indicating	other	factors	also	do	play	a	role.[20,21]

•		Anterior segment ischemia: The anterior segment of the 
eye	is	supplied	by	the	anastomosis	of	the	anterior	ciliary	
artery	(ACA)	and	long	posterior	ciliary	artery	(LPCA).	
Damage	 to	 the	 LPCA	 can	 lead	 to	 anterior	 segment	
ischemia.[26]	It	can	present	as	congestion,	corneal	edema,	
shallow	 anterior	 chamber	 (AC),	 hyphema,	 cataract,	
posterior	synechiae	in	the	acute	phase,	and	hypotony,	iris	
atrophy,	ciliary	body	atrophy	in	the	late	phase.	Some	of	
these	eyes	can	progress	to	phthisis	bulbi.[26,27]

•		Uveal effusion: The higher amount of thermal energy and 
immature	blood‑retinal	barrier	puts	the	baby	at	a	higher	
risk	of	uveal	 effusion.	 It	 can	 lead	 to	 anterior	 rotation	
of	 the	 ciliary	body	and	 shallow	AC	which	may	 cause	
corneo‑lenticular	apposition	and	cataract	formation.[25]
Thus,	 the	use	 of	 a	df‑NdYAG	 laser	with	 appropriate	
technique,	lower	cumulative	energy,	and	avoidance	of	
high	indentation	may	help	further	decrease	the	chances	
of	cataract	formation.

Figure 1: Anterior segment images showing different morphology of 
cataracts in babies with retinopathy of prematurity. (a) Focal punctate 
opacities, (b) Zonular cataract, (c) Posterior subcapsular cataract, 
(d) Total cataract
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 c.  Post‑injection: VEGF	is	an	important	molecule	involved	
in	 the	 cascade	of	 events	 in	ROP	 involved	 in	both	 the	
angiogenesis	 and	 vasculogenesis	 phases.	 The	 use	 of	
intravitreal anti-VEGF in ROP allows for fast disease 
regression,	 improved	vascular	 re‑growth,	 and	a	better	
field	of	vision	along	with	a	high	risk	of	recurrence.[23,28,29] 
In	adults,	cataract	incidence	varies	from	0	to	0.14%	in	cases	
receiving	intravitreal	anti‑VEGF.[30,31]	It	most	commonly	
occurs	due	to	mechanical	lens	injury.	In	preterm	babies,	
the	lens	is	thicker	as	compared	to	other	ocular	structures	
and	 the	pars	plana	 are	 also	not	 formed.[32,33]	Hence,	 if	
one is not familiar with the anatomy of these small eyes, 
there	 is	a	higher	chance	of	mechanical	 lens	 injury.	The	
injection	 in	 these	 children	 is	usually	given	at	 1.75	mm	
from	the	limbus	with	the	needle	tip	directed	posteriorly	
toward	the	optic	disc.	Also,	the	sclera	in	children	is	more	
deformable	than	adults	and	localized	deformation	at	the	
injection	site	can	potentially	lead	to	zonular	tension	and	
damage	to	the	posterior	capsule.

	 			 	Pre‑existing	 dehiscence	 of	 the	 posterior	 capsule	 has	
also	been	 suspected.[9]	There	have	also	been	 reports	of	
cataract	 formation	 in	post‑intravitreal	 anti‑VEGF	with	
no	 lens	 injury	 documented,	which	 could	 probably	
be	 related	 to	 the	molecule	 itself.	VEGF	 receptors	 are	
expressed	in	the	 lens	and	VEGF	has	a	well‑established	
role	in	the	development	of	TVL	and	persistence	of	hyaloid	
vasculature,	both	of	which	have	an	important	role	in	the	
development	 of	 the	 lens.[34‑36]	 In	 a	mice‑based	model,	
Garcia	 et al.[36] demonstrated that deletion of VEGF-A 
expression resulted in smaller lenses with many having 
mild	nuclear	opacities.	The	avascular	retina	in	ROP	leads	
to	increased	expression	of	hypoxia‑inducible	factor	(HIF)	
which	 in	 addition	 to	 driving	VEGF	production,	 also	
promotes	 accumulation	 of	 VEGF‑A	 transcripts	 in	
epithelial	and	fiber	cells	of	lens.	Interruption	of	this	said	
mechanism	by	anti‑VEGFs	can	also	be	one	of	the	culprits	
in	causing	lenticular	opacities.

	 			 	A	proper	technique	with	the	care	of	the	site	of	injection,	
the	direction	of	the	needle,	and	type	of	needle	is	important	
to	avoid	mechanical	lens	injury.	SAFER‑ROP	protocol	has	
given	updated	protocol	for	safer	anti‑VEGF	injection	in	
ROP	children.[37]

	 d.		Post‑surgery:	 Cataract	 formation	 after	 lens‑sparing	
vitrectomy	for	ROP	surgery	can	occur	but	is	less	frequent	
as	 compared	 to	PPV	 in	 adults.	Different	 studies	have	
shown	cataract	formation	in	5.6–19%	of	the	cases	after	
lens‑sparing	 vitrectomy.[3,13,14]	As	 described	 above,	
anatomical	differences	 and	 lens	 retina	 approximation	
are	 some	of	 the	 risk	 factors	 for	 lens	 touch.	Chemical	
changes	also	are	known	to	occur	with	vitrectomy	itself	
and	 depending	 on	 the	 tamponade	 agent	 used.	 The	
ascorbic	 acid	 concentration	 in	 the	vitreous	 is	 several	
times that of plasma and is suggested to have a major 
role	 as	 an	antioxidant.[38]	Decreased	 levels	 of	 the	 said	
antioxidants	in	vitreous	post‑PPV	can	lead	to	increased	
oxidative	 damage	 to	 the	 lens,	 thus,	 contributing	 to	
cataract	formation.

4.	 Steroid‑induced	 cataracts:	 Though	 long‑term	 steroids	
are	 known	 to	 cause	 cataracts,	 there	 are	 no	 reports	 of	
steroid‑induced	cataracts	in	preterm	babies.

Management
The treatment of ROP is important and is a priority as timely 
intervention	 in	 these	 cases	 can	prevent	 adverse	 outcomes.	
Obscuration	of	posterior	segment	visualization	by	cataract	can	
preclude	the	screening	and	management	of	these	cases.	Hence,	
the	need	 to	manage	cataract	as	soon	as	possible	 is	essential	
to allow intervention for the posterior segment, monitor the 
disease,	and	prevent	amblyopia.	In	cases	where	the	retina	is	
hazily	seen,	showing	the	early	stage	of	ROP	but	is	at	risk	of	
progression	 and	 laser	 could	not	 be	performed,	 intravitreal	
anti‑VEGF	can	be	given	till	the	cataract	surgery	is	done.	Stage	
4/5	ROP	associated	with	cataract	or	where	retina	is	near	the	
posterior	 capsule,	 combined	 lensectomy	and	vitrectomy	 is	
required	to	achieve	optimal	results.

Preoperative challenges
Pediatric	cataract	surgery	is	challenging	in	terms	of	a	smaller	
eye	with	lesser	scleral	rigidity,	higher	elasticity	of	the	anterior	
capsule,	and	steeper	anterior	curvature	of	the	lens.	The	anterior	

Figure 2: Combined vector scan ultrasonography imaging (a) 
showing tractional membranes at the posterior pole (white arrow) in a 
34‑week‑old child with retinopathy of prematurity (ROP). Ultrasound 
biomicroscopy of the anterior segment (b) in a case of ROP with 
cataract showing intact posterior capsule and sulcus to sulcus diameter 
(red line)
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segment	 in	 a	preterm	child	 is	 further	different	 in	 terms	of	
steeper	cornea,	shallow	AC,	more	anteriorly	inserted	iris	with	a	
thicker	and	more	spherical	lens.[33,39] Further, these parameters 
may	vary	with	spontaneously	regressed	or	laser‑treated	ROP.	
These	differences	 not	 only	pose	 intraoperative	 challenges	
but	also	affect	the	pattern	of	ocular	growth.[5,33,40‑43] This has a 
significant	 effect	on	 the	 selection	of	 appropriate	 intraocular	
lens	(IOL)	power	and	the	amount	of	undercorrection	required.	

Preoperative	B‑scan	 imaging	is	 important	 to	rule	out	 the	
possibility	of	RD	in	cases	where	the	posterior	segment	is	not	
visible	[Fig.	2a].	Preoperative	ultrasound	biomicroscopy	(UBM)	
can	help	us	to	determine	the	area	of	the	posterior	synechiae,	
whether the posterior iris has adhered to the anterior 
capsule,	 the	status	of	 the	posterior	capsule	 for	 the	presence	
of	 any	pre‑existing	defects,	 and	 the	 sulcus	 to	 sulcus	 (STS)	
diameter	 [Fig.	 2b].[12,44]	 The	 preoperative	 detection	 of	
pre‑existing	defects	can	help	one	to	anticipate	complications	
and	take	necessary	steps	to	prevent	them.	However,	in	these	
younger	preterm	babies,	performing	UBM	is	limited	by	child	
cooperation,	and	hence,	should	be	performed	before	surgery	
under	anesthesia	to	allow	for	appropriate	assessment.	

Poor	pupillary	dilatation	can	create	problems	during	surgery.	
Tropicamide	(0.5%)	and	phenylephrine	(2.5%)	combination	is	
used	for	dilatation	in	these	preterm	babies.	As	used	for	ROP	
screening,	the	drops	should	be	instilled	two	times	10	minutes	
apart	half	an	hour	before	the	surgery.	In	cases	with	APROP,	
neovascularization	of	 the	 iris	 is	 often	present.	 This	 causes	
non‑dilation	of	the	pupil,	difficulty	in	the	visualization	of	the	
lens status and posterior segment with the risk of intraoperative 
bleeding.	In	these	cases,	with	severe	neovascularization,	in	the	
absence	of	RD,	intravitreal	anti‑VEGF	before	cataract	surgery	
may	help	in	the	regression	of	neovascularization.	This	decreases	
the	risk	of	bleeding	and	allows	dilatation	of	the	pupil.	All	the	
factors	including	posterior	segment	status,	treatment	required,	
amblyopia	 therapy,	prognosis,	need	 for	postoperative	 care,	
refractive	correction,	and	the	complications	associated	should	
be	explained	to	the	parents/caregivers.

Intraoperative challenges
Approach and dilatation:	The	preferable	 approach	 in	preterm	
babies	is	superior	corneal	incision	as	with	other	pediatric	cases.	
The	superior	wound	is	covered	with	the	upper	eyelid,	and	hence,	
is	at	a	lesser	risk	of	trauma	and	exposure,	thereby,	decreasing	
the	risk	of	infection.	Pupillary	miosis	and	posterior	synechiae	
can	be	present,	especially	in	advanced	ROP	or	APROP.	The	use	
of	high‑density	visco‑cohesive	is	preferred	to	maintain	the	AC	
and	have	minimum	fluctuations	in	AC	depth.	The	synechiae	
could	be	initially	released	to	assess	pupillary	dilatation.	In	cases	
with	non‑dilating	pupils,	various	maneuvers	like	mechanical	
stretching,	sphincterotomy,	and	use	of	mechanical	devices	like	
iris	hooks	can	be	tried.	The	use	of	other	mechanical	devices	like	
the	Malyugin	ring	in	such	small	eyes	is	not	preferable	due	to	
the	lesser	space	for	maneuvering	these	devices.	

Anterior continuous capsulorhexis (ACC) and lens aspiration: 
The	anterior	capsule	can	be	stained	using	0.06%	trypan	blue	dye	
to	visualize	it.	Trypan	blue	dye	is	known	to	have	biochemical	
effects	on	 the	 lens	 capsule,	decreasing	 its	 elasticity.[45,46] The 
ACC	can	be	 started	with	 the	 capsulotomy	26‑Gauge	needle	
and	further	performed	using	capsulorhexis	forceps.	The	forceps	
allow	for	controlled	maneuvering	of	the	elastic	capsule.[47] But 

before	starting,	the	AC	should	be	formed	with	a	high‑density	
visco‑cohesive	substance	 to	avoid	AC	depth	fluctuation	and	
flatten	the	anterior	capsule.	The	appropriate	size	of	 the	ACC	
is	 approximately	4.5–5	mm.[48]	The	use	of	 a	Callisto‑guided	
marking	 system	can	help	 in	 this	 aspect.	Multiple	quadrant	
hydrodissection	can	be	performed	in	cases	where	the	posterior	
capsular	defect	 is	not	 suspected.	This	 facilitates	 easy	 cortex	
removal	with	lesser	fluid	volume	needed.[48,49] The lens aspiration 
can	be	performed	using	the	bimanual	technique	which	allows	
complete	removal	of	the	lens	matter	without	undue	stress	on	the	
bag.	Any	residual	lens	matter	could	lead	to	excess	inflammation	
in	these	pediatric	cases,	and	hence,	should	be	avoided. 

Posterior continuous capsulorhexis (PCC), vitrectomy, and 
fundus examination:	PCC	can	be	made	after	partially	filling	the	
posterior	chamber	with	high‑density	visco‑cohesive.	Complete	
fill	should	be	avoided	as	this	may	lead	to	an	increase	bowing	
of	the	posterior	capsule	causing	increasing	angulation	of	the	
instrument	 leading	 to	difficult	maneuvering.	Also,	 there	 is	
an	 increase	 in	pressure	on	 the	posterior	 capsule,	 especially	
at	 the	posterior‑most	point,	creating	a	high	risk	of	 irregular	
extension.	The	PCC	is	performed	with	capsulorhexis	forceps	
after	initiation	with	a	capsulotomy	needle	and	should	ideally	
be	3.5–4	mm	approximately[48,50,51] [Fig.	3a].	PCC	can	also	be	
performed	using	vitrectomy	but	 can	have	 radial	 extension	
and	 IOL	stability	 issues.	 It	 can	also	be	performed	after	 IOL	
placement	with	 a	 vitrectomy	probe	 using	 the	 pars	 plana	
approach.	Anterior	vitrectomy	(AV)	is	then	performed	beyond	
the	margin	and	2	mm	deeper	 from	the	posterior	capsule.[51] 
However,	 caution	must	 be	 exercised	 and	 overzealous	AV	
should	 be	 avoided	 as	 these	 cases	may	 have	 peripheral	
vitreoretinal	 traction.	A	 complete	AV	and	PCC	 reduce	 the	
chances	of	postoperative	posterior	capsular	opacification	(PCO)	
significantly.[51‑58]	The	posterior	segment	can	be	visualized	at	
this stage using the endo-illuminator and wide-angle retinal 
lens [Fig.	4].[59,60]	The	AC	should	be	formed	with	viscoelastic	
before	inserting	the	endo‑illuminator.	It	allows	us	to	assess	the	
status	of	the	optic	disc,	posterior	pole,	and	the	periphery.	The	
zone	of	vascularization,	presence	of	ROP,	stage,	and	disease	
can	be	determined.	This	 visualization	helps	 in	 the	 further	
management of the ROP as postoperative fundus examination 
with	 speculum	and	 indentation	may	not	be	possible	 in	 the	
initial	2	weeks	considering	the	wound	stability.

Intraocular lens:	Another	 question	 arises	 if	 the	 IOL	 can	
be	placed,	and	 if	yes,	what	power	 to	be	used?	The	 IOL	can	
be	placed	 if	 the	 size	 of	 the	 corneal	diameter	 >10	mm,	 STS	
diameter	>9	mm,	axial	 length	>17	mm,	and	 if	no	additional	
ocular	features	precluding	IOL	placement	are	present.[12,48] In 

Figure 3: Intraoperative anterior segment images showing anterior 
(a—white arrow) and posterior capsulorhexis (a—black arrow) and 
intraocular lens in the bag (b)
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the	 cases	where	 the	anterior	 and	posterior	 capsulorhexis	 is	
intact	and	well	sized,	the	IOL	can	be	placed	in	the	bag,	while	
in	compromised	capsulorhexis,	a	multipiece	IOL	to	be	placed	
in	the	sulcus	[Fig.	3b].	The	optic	capture	involves	fixing	the	lens	
optic	behind	the	posterior	capsule	while	the	haptics	remains	
in	place	and	allows	better	stabilization	of	the	lens	and	further	
prevents	visual	 axis	 opacification	 (VAO).[61‑63]	 In	 case	of	no	
capsular	support,	the	child	may	be	left	aphakic	and	iris‑fixated	
IOL	or	AC‑IOL	can	be	placed	 later	 in	 life.	These	ROP	cases	
usually	have	myopia,	 thin	 sclera,	 and	 retinal	 involvement.	
Hence,	scleral	fixated	IOL	is	usually	avoided	in	these	cases.

The	 IOL	power	 in	pediatric	 cases	depends	on	 the	age	of	
the	patient	at	 surgery,	preoperative	biometry,	and	predicted	
postoperative	 change.	The	younger	 the	 child	at	 the	 time	of	
implantation,	 the	more	 is	 the	myopic	 shift	 expected,	 and	 to	
avoid	this	higher	refractive	error	in	the	future,	the	IOL	power	
needs	to	be	undercorrected	accordingly.[64‑67] Various formulas 
have	been	given	over	a	period,	but	the	variance	is	seen	more	in	
children	of	less	than	2	years.[64,67‑69] Further, these preterm eyes 
will	have	more	growth	at	a	rapid	rate	initially	as	compared	to	
normal	eyes.	The	usual	correlation	between	the	axial	length	and	
refractive	error	 is	not	seen	 in	small	preterm	babies.[13,39] Also, 
those treated with the laser have more axial length growth as 
compared	 to	 those	 treated	with	anti‑VEGF	or	 spontaneously	
regressed.	These	 factors	need	 to	be	 taken	 into	 consideration	
as	these	cases	may	require	more	undercorrection	as	compared	
to	 normal	 eyes.[70,71] While some studies have found IOL 
implantation	with	 appropriate	 undercorrection,	 refractive	
correction,	and	amblyopia	treatment	to	have	similar	results	in	
terms	of	glaucoma,	visual	acuity,	and	secondary	intervention,	
others	have	recommended	against	their	use	in	children	of	less	
than	6	months	of	age.	A	decision	should	be	individually	decided	
based	on	the	complete	profile	of	the	case	including	the	anterior	
and	posterior	segment	findings,	social	status,	and	understanding	
of	the	parents	of	the	future	needs	of	the	child.[48,72‑74]

A	single‑piece	hydrophobic	acrylate	IOL	can	be	placed	in	the	
bag	using	a	proper	technique	if	the	criteria	for	IOL	placement	
are	 fulfilled.	A	3.5	mm	incision	allows	easy	 insertion	of	 the	
injector	without	any	undue	pressure	on	the	wound,	thereby,	
maintaining	the	AC.	The	AC	and	intraocular	bag	should	be	
adequately	filled	with	 the	visco‑cohesive	 substance.	While	

injecting	the	IOL,	the	leading	haptic	should	be	placed	against	
the	posterior	 surface	 of	 the	 anterior	 capsule	 to	 avoid	 any	
unnecessary	 strain	on	 the	posterior	 capsule	and	dislocation	
of	the	IOL	into	the	vitreous	cavity.	The	trailing	haptic	can	be	
released	in	the	pupillary	plane	and	then	tucked	in	the	bag	using	
a	Sinskey	hook.	The	viscoelastic	should	be	completely	removed	
and	the	wound	sutured	using	 the	10‑0	monofilament	nylon	
suture	at	the	end.[75‑77]	It	is	important	to	suture	the	incision	in	
these	children	in	view	of	low	scleral	rigidity	and	their	tendency	
to	 rub	 the	 eyes.	 In	 cases	where	 the	 IOL	 cannot	 be	placed,	
secondary	IOL	can	be	planned	after	2	years	of	age.[12,61,76]

Vitrectomized eyes:	Further	cataract	surgery	in	a	vitrectomized	
eye	would	be	moreover	challenging.[78,79] The loss of posterior 
support	can	lead	to	hypotony,	zonular	instability,	complicated	
capsulorhexis,	and	damage	to	the	posterior	capsule.	Zonular	
instability	along	with	increased	iris	lens	diaphragm	mobility	
may	lead	to	AC	depth	fluctuation.	In	cases	with	lens	touch	or	
pre‑existing	defects,	there	is	a	risk	of	posterior	dislocation	of	
lens	fragments.	The	collapse	of	the	AC	should	be	avoided	at	
any	step	in	these	cases.	The	irrigation	parameters	are	to	be	kept	
on	the	lower	side	and	the	overfilling	of	AC	with	the	viscoelastic	
needs	to	be	avoided.	Hydrodelineation	should	be	done	gently	
while	hydrodissection	and	lens	rotation	should	be	completely	
avoided.[80]	The	 lens	aspiration	 should	be	performed	 trying	
to	maintain	 the	posterior	 cortex	which	 should	be	aspirated	
at	the	end.

In	cases	with	PC	tear,	low	flow	rate,	high	vacuum,	and	low	
phacoemulsification	energy	are	 recommended.[81]	 In	 case	of	
a	sudden	posterior	capsular	tear,	it	is	important	not	to	panic	
and	remove	the	instruments	suddenly	from	the	eye.	The	AC	
should	be	formed	with	a	combination	of	sodium	hyaluronate	
3.0%‑chondroitin	sulfate	4.0%	before	removing	the	instruments.	
It	 coats	 the	posterior	 capsular	opening	preventing	anterior	
vitreous	 herniation	 and	 lens	matter	posterior	 dislocation.	
The	 remaining	 lens	matter	 can	 be	 easily	 removed	 using	
the	bimanual	 or	 vitreous	 cutter	 followed	by	 complete	AV.	
Depending	on	the	amount	of	PC	tear	and	sulcus	availability,	
a	multipiece	IOL	can	be	placed.	If	the	defect	at	the	posterior	
capsule	is	small,	it	can	be	converted	to	PCC	and	a	single‑piece	
IOL	can	be	placed	in	the	bag.[12,61,81]

Postoperative complications
The	postoperative	complications	of	cataract	surgery	include	
inflammation,	 pupillary	membrane	 formation,	 posterior	
synechiae,	glaucoma,	reproliferation		of	lens	material,	posterior	
capsule	opacity,	and	RD	[Table	1].

Inflammation:	 The	postoperative	 treatment	with	 topical	
cycloplegics	 and	 steroids	 is	 important.[51,82,83] The severity 
of	postoperative	 inflammation	 is	 higher	 in	 cases	with	 iris	
neovascularization	 and	 those	 having	posterior	 synechiae	
because	of	 the	 iris	manipulation	 and	bleeding	 risk.	Hence,	
topical	steroids	are	required	frequently	and	tapered	slowly	in	
these	cases.	This	prevents	postoperative	posterior	iris	synechiae	
formation	which	may	hamper	complete	visualization	of	 the	
retina	and	could	lead	to	glaucoma.

Amblyopia	treatment:	Stimulation	deprivation	amblyopia	
is	an	important	cause	of	vision	loss	in	children	with	unilateral	
congenital	 cataracts.	Cases	with	unilateral	 cataracts	 either	
left	aphakic	or	 IOL	placed	 require	appropriate	 refraction	at	
frequent	 follow‑up	post‑operatively	 to	 avoid	 amblyopia.	

Figure 4: Intraoperative fundus image of a case of a preterm baby 
with zone II retinopathy of prematurity showing dilated and tortuous 
vessels suggestive of plus disease (a and b). Peripheral fundus showed 
avascular retina (c—black arrow)
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Hence,	with	 appropriate	 refractive	 correction,	 occlusion	
therapy	is	needed	to	prevent	amblyopia	in	these	cases.[84‑86] The 
better	visual	acuity	eye	is	occluded	for	a	significant	period	of	
early	childhood	which	allows	the	child	to	keep	focusing	with	
the	other	eye	and	prevents	amblyopia	from	developing.	But	
at that the same time, it is important to evaluate the fundus 
periodically	to	check	for	ROP‑related	changes	and	assess	the	
other	eye	vision	to	prevent	reverse	amblyopia.

Visual outcome:	The	follow‑up	post‑cataract	surgery	should	
be	synchronized	with	ROP	monitoring	and	treatment	to	prevent	
unwanted	outcomes.	The	 improvement	 in	visual	acuity	and	
fixation	 is	evident	after	 cataract	 surgery	 in	ROP	cases	but	 is	
limited	because	of	 the	ocular	morbidities.[3,6,78,87]	 In	 children,	
refractive	changes	after	cataract	surgery	are	extensively	studied	
and	myopic	shift	is	seen.	This	shift	was	more	in	younger	children,	
aphakic,	 and	 laser‑treated	 eyes.	Thus,	 long‑term	 refractive	
changes	depend	on	various	 factors	 including	GA,	age	of	 the	
child	at	the	time	of	surgery,	presence	of	ROP,	type	of	treatment	
received,	and	progression	of	myopia.[40‑43,68]	How	much	each	of	
these	factors	contributes	and	affects	the	growth	of	the	eyeball	
is	unknown	and	still	being	studied.	Hence,	frequent	refraction	
with	appropriate	correction	glasses	should	be	provided	to	avoid	
amblyopia.	Glasses	with	appropriate	fitting	and	counseling	of	
the	parents/caregivers	to	ensure	the	use	of	glasses	are	needed.

VAO:	 It	 is	 common	after	 cataract	 surgery	 in	 infants	 and	
depends	upon	whether	PCC	and	AV	are	done.[52,88]	This	can	
cause	significant	vision	loss	with	the	risk	of	amblyopia,	and	
hence,	the	need	to	look	for	VAO	in	the	follow‑up	period.[53] To 
avoid	VAO,	PCC	should	be	done	in	all	cases	less	than	6	years	
and	AV	up	to	5	years	of	age.[48,53,54,58,89]	In	older	cases	with	mental	
retardation	and	those	who	cannot	co‑operate	for	slit‑lamp	YAG	
capsulotomy,	PCC	and	AV	can	be	done.[12]

Glaucoma:	It	is	a	common	complication	associated	with	both	
premature	 babies	 and	pediatric	 cataract	 surgery.[52,90,91] The 
incidence	of	glaucoma	in	pediatric	cataracts	varies	from	3	to	
32%	and	further	increases	in	cases	with	aphakia,	age	at	surgery,	
posterior	intervention,	and	secondary	intervention.[48,89,92‑96] The 
difference	in	the	anterior	segment	of	these	preterm	individuals	
increases	the	risk	of	glaucoma.[33]	Hence,	the	intraocular	pressure	
and	 the	optic	disc	 cupping	 in	 these	 individuals	 should	be	
monitored	on	follow‑up.

RD:	One	of	the	complications	seen	with	pediatric	cataract	
surgery	and	well	documented	after	cataract	surgery	in	adult	
ROP	 cases.[6,87,97] The Early Treatment for Retinopathy of 
Prematurity	Study	(ETROP)	study	had	16%	cases	with	RD	after	
treatment	by	9	months	of	the	corrected	age.	Ezisi	et al.[3] had RD 
in	3.5%	of	the	ROP	cases	after	cataract	surgery.	Thus,	the	disease	
itself is at risk of progression even after treatment and may not 
be	contributed	to	cataract	surgery	alone.	A	good	prognosis	is	
obtained	in	stage	4	as	compared	to	stage	5	ROP	disease.[15,56] 
Thus,	these	cases	need	a	long‑term	regular	follow‑up	for	early	
detection	of	RD	and	intervention	for	the	same.

Conclusion
Preterm	children	with	cataracts	are	at	risk	of	vision	loss	because	
of	various	 factors	 including	 retinal	 changes,	glaucoma,	and	
amblyopia.	With	an	appropriate	approach	and	combined	effort	
of	the	pediatrician,	ophthalmologist,	and	anesthesiologist,	early	
identification,	prompt	intervention,	precise	surgical	techniques,	

proper	counseling,	and	postoperative	care	including	amblyopia	
management,	 these	 children	can	have	good	vision.	Further,	
with anti-VEGF developing as a prominent treatment option, 
its	definitive	role	in	cataract	development	needs	to	be	studied.
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