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Preoperative Evaluation
and Investigative Modalities
in Pediatric Cataract

Amber Bhayana, Chirakshi Dhull,
and Sudarshan Kumar Khokhar

1.1 Introduction

There are no substitutes to thorough history and
careful clinical examination while planning for
any surgery and pediatric cataract is no differ-
ent. Preoperative evaluation should be performed
keeping the differential diagnoses in mind.
Questions like cause of the cataract, whether to
operate, when to operate, and how to operate
should be answered by the preoperative exami-
nation. Preoperative biometry and deciding the
postoperative target refraction are challenging in
children but essential to decide details of intra-
ocular lens implantation.

Pediatric cataract is a major preventable cause
of childhood blindness across the world with
prevalence being more common in developing
countries [1]. The adjusted annual age-specific
incidence of new diagnosis of congenital and
infantile cataract has been reported to be 2.49 per
10,000 children in first year of age, around 3.18
per 10,000 in cumulative 5 years, and increas-
ing to 3.46 per 10,000 by 15 years. Incidence
of bilateral cataract was noted to be higher than
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Professor Ophthalmology, Dr. RP Centre for
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that of unilateral [2]. Most common causes in
Indian setting are developmental and posttrau-
matic, other being cataracts with retinal detach-
ment, persistent fetal vasculature, subluxated/
dislocated lens, uveitic cataracts, spherophakia,
etc. Developmental cataract was seen in 45.6%
and posttraumatic cataract in 29.7% of pediatric
patients less than 14 years of age in Indian popu-
lation [3]. Pediatric cataracts need to be timely
treated surgically in order to prevent amblyopia
and blindness.

1.2 History

A pediatric eye preoperative evaluation requires
specialized techniques of history taking and
examination as many of the times the child him-
self is not very cooperative nor can express him/
herself. Communication with children is an art
in which the examiner has to be patient, friendly,
and in synchrony with the child’s psychology
which will vary according to the age. The tod-
dlers are the sort difficult to examine. One should
create a warm and friendly atmosphere for the
child to be comfortable in.

A detailed medical history should include his
basic information—name, age, gender, date of
birth, height, weight, and if required head cir-
cumference, arm span, upper segment, lower seg-
ment ratio significance of which will be described
later. Major symptoms as noticed by the parents

S. K. Khokhar, C. Dhull (eds.), Essentials of Pediatric Cataract Surgery,
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include leukocoria or more commonly what they
call as white spots in the black part of eye, stra-
bismus, abnormal ocular movements, or delayed
visual milestones. Parents often notice the
child falling frequently and getting hurt, keep-
ing objects too close to face, reading at a very
short distance, sitting too close to the television,
rubbing eyes too frequently, or photophobia.
Diminution of vision might be reported by the
child himself mature enough to notice or pointed
out by teachers regarding poor vision in school
going children. The child may also be referred by
some primary physician who might have noticed
cataract in the first place or as a part of routine
eye examination following eye trauma. History
of present illness includes when first the present
complaint was noticed, other coexisting ocular
anomalies, how it has progressed, and associated
systemic symptoms.

Past medical history includes records of previ-
ous ocular examinations, any medical or surgical
treatment history (like any surgery for glaucoma
or retinopathy of prematurity), any history of
laser intervention, and any drug allergies. All
treatment history including oral, topical oph-
thalmic, and topical dermatological medications
should be documented to rule out drug induced
cataracts.

Antenatal history is as important and includes
the age of mother at the time of conception,
nature of conception whether it was spontane-
ous or assisted, history of any gestation-related
disorders like gestational diabetes, or pregnancy-
induced hypertension group of diseases, any
history of maternal infections like TORCH
(toxoplasma, cytomegalovirus, rubella, herpes),
history of exposure to X-ray, CT scan or any
other ionizing radiations, history of exposure
to any teratogenic drugs, or other risk factors
like smoking, alcohol, etc. Mother should be
inquired about infections or exanthematous fever
episodes during her antenatal period as first tri-
mester rubella infection is a common cause of
congenital cataracts in developing nations. These
children require a detailed systemic evaluation to
rule out other systemic involvements (Table 1.1).

Table 1.1 Suggested workup for an infant with sus-
pected Rubella syndrome

Maternal history Exanthemotous fever during

antenatal period
Microphthalmos
Iris atrophy, iritis, iris hypoplasia

Common clinical
features in child

Posterior synechiae

Congenital cataract
Pigmentary retinopathy
IgM and IgG titers
Detection of virus

Investigations

Polymerase chain reaction
Cardiology opinion and
echocardiography to rule out
cardiac anomalies

Brainstem evoked response
audiometry to rule out
sensorineural hearing loss

Perinatal history includes period of gestation
at birth, route of delivery whether normal vagi-
nal, Cesarean section or forceps assisted, history
of delayed cry or asphyxia, and any history of
hospital admission.

About one-third of children with congenital
cataracts have positive family history. Siblings
and parents should always be screened in cases
of non-traumatic congenital or developmental
cataracts and pedigree chart for at least three
generations documented. Genetic workup 1is
warranted in presence of positive family his-
tory. Even in sporadic cases, genetic mutations
might be involved, most common of which
are five nucleotide variations: CRYBA4:p.
Y67N, CRYBBI1:p.D85N, CRYBBI:p.E75K,
CRYBBI1:p.E155K, and GJA3:p.M1V [4]. Some
of the inheritance patterns of the diseases are as
shown in Table 1.2.

In cases of trauma, the history is usually obvi-
ous. Details about the mechanism will point
toward whether it was an open or a closed globe
injury. In open globe, a primary repair becomes
essential. A rupture of the anterior or posterior
lens capsule may alter the surgical plan as dis-
cussed later. In closed globe injury, subluxation
of lens, angle recession, sphincter, or retinal tears
are possible (Table 1.3).
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Table 1.2 Inheritance patterns of cataracts [5]

Autosomal dominant Autosomal recessive

X-linked recessive | X-linked dominant

Hyperferritenemia cataract
syndrome

Congenital cataract fascial

dysmorphism and neuropathy

Norrie disease Hunnerman-Conradi

syndrome

Coppock like cataract Warburg micro syndrome

Nance-Horan
syndrome

Posterior polar cataract Martsolf syndrome

Zonular pulverulent cataract

Hallerman streiff syndrome

Anterior polar cataract

Smith-Lemli—-Opitz syndrome

Cerulean type cataract

Volkmann type congenital
cataract

Table 1.3 Approach to a child with leukocoria

Table 1.4 Etiology of cataract in children

1. Opacity anterior to Peter’s anomaly Bilateral cataracts Unilateral cataracts
lens Corneal opacity Idiopathic Idiopathic
2. Lenticular opacity Isolated cataract Hereditary cataracts (Autosomal | Ocular
Complicated cataract dominant inheritance is anomalies—
3. Opacity posterior to Retinopathy of commonest) persistent fetal
lens prematurity Vascqlamre’
Retinal detachment Zntenor s'egment
Persistent fetal YSEENCSIS,
posterior
vasculature .
- lenticonus,
Vitreous hemorrhage posterior pole
Coat’s disease tumors
Toxocariasis Genetic and metabolic Traumatic
diseases—Down syndrome,
Lowe syndrome, galactosemia,
Other positive systemic history may point  Marfan’s syndrome, trisomy
toward a syndromic disorder. A thumb rule to 1315, hypoglycemia, Alport
K . ind is that i £ unil | syndrome, myotonic dystrophy,
eep 1n mind 1S t at.ln cases 0. unilatera .cata— Fabry disease,
racts suspect something wrong in the eye itself,  hypoparathyroidism
whereas in cases of bilateral cataracts some  Maternal infection—rubella, Rubella
systemic or genetic disorder might be the cul-  cytomegalovirus, varicella,
prit. It should also be remembered that many syphilis, toxomasmo“,s. - -
inel ateral cat ¢ tuall Ocular anomalies—aniridia, Asymmetric
Seemlng y u{ll ateral cataracts are actually asym- e rjor segment dysgenesis bilateral cataract
metrically bilateral. It would be useful here t0 g icosteroid induced

go through the etiology of cataract in children in
Table 1.4.

1.3 Examination

Babies who have not yet developed neck hold-
ing can be examined in mother’s lap. Those with
neck holding are most comfortable in shoulder
hold as shown in the Fig. 1.1 [6]. This position
increases the area of contact with the mother and
the child is at ease. Children older than 3—4 years
can be assessed on slit lamp. Children with age

less than 1 year can still be tried for an examina-
tion under slit lamp using assistance from parents
where they hold the baby under the armpits with
head leaning forward over the examining strap of
the slit lamp biomicroscope [7].

1.3.1 Vision Assessment in Children

Children can verbalize what they understand
from what they see. That makes vision assess-
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Fig. 1.1 Shoulder hold position to examine the child

ment in them equally tactful. Child’s willing-
ness to cooperate and his intelligence and visual
function vary significantly with age and accord-
ingly the methods to assess them have to be tailor
made.

The most basic form of vision assessment is
seen by analyzing “fixation” of the child. The
child is asked to look at a visually catchy object
placed at a distance of 25-30 cm which can be a
pen, a torchlight, or a colorful toy. It is observed
if the child can visually fix on the object and fol-
low it in all directions. Test should be done both
monocularly and binocularly. A normal response
should be that the child is able to “fix” and “fol-
low” the object. Alternatively he can be described
to have a central, steady, and maintained fixation
that is the child should be able to look at a fixat-
ing target without any involuntary or wandering
eye movements and should be able to follow it
in all directions without any squint or nystagmus
[8]. Another examining technique is to cover
alternate eyes and look for change in response.
The child will stay cooperative as long as the
uncovered eye has well fixating vision and will
defy occlusion of his only normal seeing eye.

For preverbal children the following tests can
be used: (1) Catford drum test [9] uses a motor
driven drum with black dots of different sizes on
a white background projected through a central
aperture measuring 4 x 6 cm. The drum can be
rotated right to left or vice versa. The patient is
seated at 60 cm and asked to fixate on the mov-
ing dot. The visual acuity is indicated by the
smallest dot which doesn’t produce optokinetic
nystagmus in the patient [10]. (2) Teller acuity
cards are based on preferential looking. It is a
semi-quantitative assessment of visual acuity.
It measures the spatial contrast sensitivity. It
has alternating black and white stripes against
a blank background. A couple of the black and
white stripes comprise a cycle and the maximum
detectable cycles per degree of visual angle gives
the measure of visual acuity. Preference of the
child to look at gratings (indicated by the child’s
head position and reaction) of alternating black
and white stripes of maximum detectable fre-
quency rather than a plain background forms the
basis of the test. The child is first presented with
thickest stripes followed by thin stripes succes-
sively. (3) Electrophysiological tests for vision
assessment include visual evoked response
(VER), electroretinogram (ERG), and electro-
oculogram (EOG) which have the advantage of
being non-contact, noninvasive, and objective.
These tests are not a function of media clarity
and are dependent solely on the retina, nerve,
and cerebral function. Visual evoked response
detects potential generated in the cerebral cor-
tex in response to light stimulation. They are
good predictors of vision gain postsurgery. (4)
Pupillary response is another indirect method to
detect vision where an equal and brisk response
grossly suggests normal visual pathway. A nor-
mal direct response indicates a normal afferent
pathway (optic nerve) and a normal efferent path-
way (oculomotor nerve parasympathetic) of the
same eye. A normal consensual response means
a normal afferent pathway of the other eye and
a normal efferent pathway of the same eye. Any
absolute or relative defect as compared to the
other eye should be documented and is the sim-
plest way to quantify nerve function. This test is
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Fig. 1.2 Vision assessment using Cardiff acuity cards

independent of media opacity and solely depends
on retina and nerve function.

For preschool children (about 2 years of age)
following can be used: (1) Cardiff acuity cards
(Fig. 1.2) based on the principle of vanishing
optotypes where pictures are drawn of the same
size but are drawn with black lines with white
space of varying width so that they disappear at
particular distance. It is performed at a distance
of 50 cm for 0—12 months and at a distance of
100 cm for 12-24 months. The visual acuity cor-
responding to the thinnest detectable optotype is
assigned. (2) Boeck candy test, where the child
is offered candies of different sizes and guided
to his/her mouth; smallest detectable candy
being a measure of visual acuity. (3) Worth’s
ivory ball test, where balls of different sizes are
rolled across the floor; the smallest ball which the
child can retrieve is a measure of visual acuity.
(4) Similarly, in Sheridan’s ball test fixation on
rolling balls is assessed. (5) In STYCAR (screen-
ing tests for young children and retards), child is
asked to name the shown toy or pick up its minia-
ture form from the stock.

For ages more than 5 years Tumbling E,
Landolt’s C charts can be used and Snellen’s
thereafter [11, 12].

Table 1.5 summarizes different methods to
assess visual acuity in different ages.

1.3.2 Ocular Movements
Nystagmus usually develops in children with

visually significant cataracts with onset before
3 months of age because the media opacity

Table 1.5 Different methods to assess visual acuity in
different ages

Preverbal Pupillary reflexes

children Visual evoked response
Optokinetic nystagmus
Teller’s acuity
Pattern of fixation

1-2 years of Worth’s ivory ball test

age Boeck’s candy test
Screening test for the young
children and retards
Cardift’s acuity test

2-3 years of Miniature toy test

age Coin test
LEA Symbols

3-5 years of Allen’s picture card

age Lippman’s HOTV test, letter test

>5 years of age | Tumbling E
Landolt’s broken ring
Snellen’s chart
LogMAR chart

prevents the fixation reflex from developing
which is likely to persist even after media clar-
ity is restored. Best corrected vision in such
patients is seldom better than 20/100 posttreat-
ment. Similarly wandering eye movements and
ocular deviation are generally associated with
poor prognosis. Presence of strabismus indicates
chronicity in cataracts [8]. Tendency of the eye
to go into esodeviation or exodeviation depends
on the tone of medial recti and refractive status
of the other eye. Assessment of squint/nystagmus
can be done by torch light examination visual-
izing the corneal reflex and cover uncover tests.
A video recording can be done preoperatively to
document ocular movements and compared post-
operatively. Nystagmus sometimes may improve
post-surgery however parents should be explained
about the guarded prognosis [8, 13, 14].

1.3.3 Oculo-Digital Phenomenon
Infants with gross visual deprivation as in dense

cataracts are seen to poke their fingers in the
groove between their brow and eyeball which
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Fig. 1.3 Child with orbital fat atrophy secondary to
excessive oculo-digital phenomenon

is hypothesized to stimulate their retinal photo-
receptors so as to have some perception of light
in the form of flashes. Such children are seen to
have loss of orbital fat with deep set globes with
poor fixation, wandering eye movements, all
indicating poor visual prognosis (Fig. 1.3) [15].

1.3.4 Pupils

Pupils should be examined before dilation. Size,
shape, interocular symmetry should be docu-
mented. Signs of blunt trauma like sphincter tears,
iridodialysis should be looked for in respective
cases. Direct and consensual responses should be
checked and any relative afferent pupillary defect
should be carefully looked for; if present indi-
cates neuronal damage.

1.3.5 Red Reflex Test

Distant direct ophthalmoscopy enables assess-
ment of the red glow of the eye which is sen-
sitive for detection of visual-axis opacities,
refractive errors, anisometropia, and strabismus
(Bruckner’s test) (Fig. 1.4). It is a handy and use-
ful test which can be used in the most uncoop-
erative of children [16-19]. It may be done after
mydriasis or prior to it in a dark room.

Fig. 1.4 Bruckner test showing OD esotropia with cata-
ractous lens, OS clear lens

1.3.6 Anterior Segment
Examination

Evaluation of anterior segment can be done on
slit lamp biomicroscope if the child allows or
with torch light. Any doubt should warrant an
examination under sedation or anesthesia. Lid
and adnexa should be thoroughly checked for
any discharge, nasolacrimal duct obstruction,
blepharitis, or any other foci of active infec-
tion. Corneal opacities, abnormalities of anterior
chamber, iris, and pupil should be documented.
Micro-ophthalmos and typical colobomas are
frequently associated. The form of cataract or
rather any abnormality can be documented using
slit lamp photography which can be repeated to
see real-time progression, can serve as a teach-
ing tool and also be used to council the parents
regarding the disease.

1.3.6.1 Lens Examination
Location and type of the opacity in the crystalline
lens may help in morphological classification and
etiology (Table 1.6 and Figs. 1.5, 1.6, 1.7, 1.8,
and 1.9) [20]. On the basis of etiology, cataracts
can be classified as shown in Table 1.2 [21].
Bilateral zonular ones are most commonly
sporadic/developmental. Unilateral cataracts
may be post trauma, iatrogenic post-surgery
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Table 1.6 Morphological classification of pediatric cataract based on location of the opacity

Whole lens Central Anterior Posterior Miscellaneous
Total Lamellar/ Anterior polar: Posterior polar Oil droplet
zonular (a) dot like
(b) plaque like
(c) pyramidal
Congenital morgagnian Nuclear Anterior Posterior Wedge shaped
subcapsular subcapsular
Membranous/partially Central Anterior Posterior Coralliform
absorbed pulverulent lenticonus lenticonus
Ant egg Floriform
Cerulean Dandelion like
cataract
Cortical Starry Sky cataract
Sutural Stud button
Reduplicated cataract
Linear opacities
Crystalline
Nodular
Stem of cactus
Barbed fence-like
cataract

Fig. 1.5 Zonular cataract

(such as after trabeculectomy [22] and retinopa-
thy of prematurity (ROP) [23] surgeries), post
injection in ROP; most commonly posterior
subcapsular variants. Traumatic cataracts can be
post closed globe injury or more commonly post
open globe injuries (Fig. 1.10) [24]. Total cata-
racts may be present in chromosomal anomalies
or metabolic disorders. Bilateral posterior sub-
capsular cataract (PSCs) may indicate chronic
steroid intake. Poorly dilating pupils with par-
tially absorbed cataract and posterior synechiae
in a microphthalmic eye may indicate rubella.

Fig. 1.6 Total white cataract

Children with complicated cataract secondary
to uveitis may be have active cells in anterior
chamber, band shaped keratopathy, posterior
synechiae. Flattening of anterior curvature of
the lens may indicate loss of volume of the lens
due to posterior capsular rupture which may be
picked up on slit lamp biomicroscopy as “fish-
tail” sign or on ultrasound B-scan and ultrasound
biomicroscopy.



Fig. 1.7 Sutural cataract

.

Fig. 1.8 Anterior capsular cataract

Fig. 1.9 Posterior polar cataract

Cataracts which cause significant obstruction
to fundal glow and opacities greater than 3 mm
in the visual axis need to be operated. Lenticular
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Fig. 1.10 Cataract post corneal perforation

Fig. 1.11 Visually insignificant cataract

opacities in the periphery not causing hindrance
to visual axis can simply be observed over time
(Fig. 1.11).

Persistent pupillary membrane might be a
coexisting finding which is indicative of remnant
fetal lenticular vasculature found attached at the
collarette.

Intraocular Pressure
Measurements

1.3.7

Pediatric cataract eyes with cataract may be
associated with preoperative or postoperative
pseudophakic glaucoma. Rubella cataracts, post-
traumatic, and uveitic cataracts may also be
associated with raised IOP. Intraocular pressure
documentation before surgery is of paramount
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importance both in terms of preoperative con-
trol of glaucoma and also for prognosticating the
outcome, depending on the optic nerve status.
In this regard, preoperatively, Perkins tonometer
may be used during examination under general
anesthesia. It can also be done with non-contact
tonometer or tonopen which is useful in cases of
corneal opacity.

1.3.8 Posterior Segment
Examination

Fundus examination with indirect ophthalmo-
scope is essential to rule out any posterior seg-
ment anomaly that may prevent the child from
gaining vision even after a successful cataract
surgery. Indirect ophthalmoscopy with scleral
indentation is the gold standard if the child and
media clarity allow. If view of the retina is not
possible, ultrasound B-scan should be done to
rule out vitreous hemorrhage/exudates, retinal
detachment persistent fetal vasculature or any
intraocular mass in posterior segment.

1.3.9 Examination Under
Anesthesia

Anesthesia is warranted in children uncoopeara-
tive enough to not allow any examination. It starts
with examining the child under operating micro-
scope for complete anterior segment starting
from cornea upto the back of lens and if media
permits the fundus as well using indirect ophthal-
moscopy. Any corneal scar needs to be noted with
special attention to pupillary membranes which
may indicate a form of persistent vasculature.
A snapshot can be taken during video recording
of the examination to maintain a documentation
of the same. White to white corneal diameter is
measured using manual or digital callipers. A
small white to white is an indirect indicator of
small lens bag size and will be a contraindication
to IOL implantation. Keratometry is measured
using a portable autorefractor-keratometer. Axial

length of the eye is measured using A-scan ultra-
sonography. Posterior segment can be assessed
in cases of significant media opacity using ultra-
sound B-scan to rule out retinal detachment, reti-
noblastoma, or any other pathology. Ultrasound
biomicroscopy of the anterior segment with
water bath can be done to get a status of lens such
as size and shape of the lens, any subluxation,
any plaque on the anterior and posterior capsule,
any specs of calcification, any evidence of lens
volume loss as in partially absorbed cataract, any
evidence of opening of the anterior or posterior
capsule or presence of anterior or posterior cap-
sular plaque.

1.4 Investigations

1. Majority of the cataracts are idiopathic in
nature and don’t require any investigation as
such, but it is always better to keep this as a
diagnosis of exclusion. A child having cataract
with hepatomegaly with jaundice should be
suspected for galactosemia and investigated
for urinary reducing substance and enzyme
levels for galactokinase, galactosel-phosphate
uridyl transferase. For suspected infectious eti-
ology like rubella, immunoglobulin levels are
warranted along with polymerase chain reac-
tion targeted toward other viruses in TORCH
spectrum. Echocardiography is required to
rule out cardiac anomalies in rubella which
might also be present in cases of Marfan’s syn-
drome. The common anomalies encountered
are atrial septal defects, patent ductus arterio-
sus, aortic root dilatation. In suspected cases of
hypothyroidism, serum calcium and phospho-
rus levels need to be looked into. In patients
with juvenile idiopathic arthritis-related cata-
racts, detailed rheumatology workup is war-
ranted. Genetic testing is warranted in cases of
hereditary cataracts.

2. Imaging:
(a) Ultrasound B-scan

Ultrasound B-scan is warranted in cases
of significant media opacities where fun-
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dus evaluation on indirect ophthalmoscopy
is not possible as in cases with total cata-
racts or poorly dilating pupils to at least
get an idea of what the posterior segment
beholds. Retinal detachments (Fig. 1.12a),
fundal colobomas (Fig. 1.12b), persistent
fetal vasculature (Fig. 1.12c), or any mass
in posterior segment like retinoblastoma
or melanoma (Fig. 1.12d) can be easily
picked up [25]. It is also used in very small
children who are uncooperative.
Ultrasound A on B-scan (axial length)

A vector modality over B-scan is used to
take ocular measurements mainly of the
axial length or can be used to measure
intraocular dimension of any mass.
Ultrasound biomicroscopy Ultrasound
biomicroscopy (UBM) is used to image
the anterior segment of an eye using
higher frequencies of 35 MHz, and
50 MHz as compared to conventional

L
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USG. UBM can be used for ocular biom-
etry including anterior chamber depth
(ACD), lens thickness (LT), angle to angle
(ATA), sulcus to sulcus (STS), and bag
diameter (BD). With the increase in fre-
quency, ocular penetration decreases.
UBM can also be used preoperatively to
assess the sulcus and assessment of ante-
rior capsule for secondary intraocular lens
(IOL). It is also used in evaluation of mor-
phology of lens and detection of abnor-
malities like capsular plaque, posterior
lenticonus, persistent fetal vasculature
(PFV), bupthalmic eyes, etc. which helps
in better planning and management. UBM
may also help evaluate for subluxation,
iridodialysis, cyclodialysis, foreign body
localization in anterior segment, lens
evaluation in corneal opacity, posterior
capsular dehiscence and postoperative
IOL centration and tilt.
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Fig. 1.12 Posterior segment ultrasound B-scan images showing: (a) Retinal detachment; (b) Fundal coloboma; (c)
Persistent fetal vasculature; (d) Retinoblastoma. (Courtesy—Sudarshan Khokhar, Chirakshi Dhull, Springer Ltd.)
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3. For anesthesia

Complete blood counts with electrolytes are
required as planning for any surgery under
anesthesia. For too small children, hemoglo-
bin, bleeding and clotting times with urine
routine microscopy, and culture sensitivity
can be a viable alternative. Targeted investiga-
tions like chest X-ray, ECG, and echocardio-
gram should be done in patients with
diagnosed respective systemic disorders for
preanesthetic fitness. A consultation from the
respective specialist should be sought. A child
with seizure will require antiepileptic dose
modification for the perioperative and intra-
operative period which has to be sought after
by the treating neurologist. Final clearance is
given by the anesthetist after complete sys-
temic evaluation.

1.5 Surgical Planning

1. Biometry/IOL formulae/target post op refrac-

tion/considering aphakia in small eyes,
younger age

Axial length of the eye can be measured by
ultrasound A-scan. When the probe is placed
perpendicular to the eyeball parallel to its
axis, the retina is picked up as a sharply rising
echo spike. This is the contact method in
which the probe may indent the cornea and
may give falsely lower value of axial length.
Another method is the immersion method in
which a coupling fluid is used between the
probe and the cornea.

On the other hand, axial length measure-
ment optically using partial coherence inter-
ferometry (as using IOLMaster, Carl Zeiss) is
a non-contact, observer independent, repro-
ducible, and more accurate method. But again,
it can be used only for cooperative grown up
kids making ultrasound under anesthesia just
prior to surgery the only option in small and
uncooperative kids.

Keratometry can be measured using
autorefractor-keratometers and portable ones
for examination under anesthesia. Partial
coherence interferometry utilizing machines

(like IOLMaster, Carl Zeiss Meditec; and
LenStar, Haag Streit) can be used wherever
possible.

Pediatric eyes are supposed to grow until
their pre-programmed adult sizes are reached.
If emmetropia is planned for the current sur-
gery, every 1 mm growth will make the eye
nearly 3 D more myopic. So an undercorrrec-
tion is performed while routinely planning for
pediatric IOL power so as to make the eye
closest to emmetropic after its growth has sta-
bilized. But again there are conflicting reports
in literature regarding which IOL formulae to
use for calculation. Dahan et al. [26] proposed
20% reduction for children less than 2 years
of age and 10% reduction for children between
2 and 8 years of age and emmetropic power
thereafter. On the basis of axial length he pro-
posed 22 D for 21 mm, 24 D for 20 mm, 26 D
for 19 mm, 27 D for 18 mm, and 28 D for
17 mm. Enyedi et al. [27] proposed age
(years) + post of refractive error (diopters)
should be equal to 7.

What we follow for our patients is 20%
undercorrection for less than 6 months age,
15% for 6 months to 1 year, 10% for 1-2 years,
5% for 2-5 years, and emmetropic power
thereafter. The less undercorrection in Indian
pediatric eyes is justified by a study done by
the authors in which growth rate in Indian
eyes was found to be less than the western
data [28]. We prefer not to put an implant if
the axial length is less than 17 mm or white to
white corneal diameter is less than 9 mm [21].
Secondary IOL implantation can be planned
later on in these cases.

. Delayed sequential/Simultaneous sequential

The main advantage of simultaneous bilateral
cataract surgeries include medical benefits like
preoperative care and medications, hospitaliza-
tion and undergoing anesthesia only once; and
social benefits like requiring lesser time from
parents or relatives as it will require lesser fol-
low ups saving costs. Risks include bilateral
endophthalmitis and inability to evaluate
refractive outcome after first eye surgery which
can be later used to modify IOL power for the
second eye [29]. At our center for the same rea-



son we routinely prefer second eye surgery
after a gap of 3 days or later. Simultaneous sur-
geries can be planned for small infants where
an intraocular implant is not planned for
because here we don’t have any IOL power to
modify after evaluating refractive results of the
first eye, plus it will give added advantage to
children being exposed to anesthesia only once
with systemic issues.

3. Preoperative regimen of oral/topical medication
Preoperatively the children are started on
0.5% moxifloxacin eye drops in both eyes for
perioperative antibiotic coverage 2 days prior
to surgery. 2% homatropine hydrobromide are
also instilled 1 day prior to surgery to keep
pupil dilated. Non dilating pupils may require
1% atropine.

4. When to consider additional procedures like

primary posterior capsulectomy, etc.
One of the very common complications post
pediatric cataract surgery is visual-axis opacifi-
cation which occurs due to proliferation of
remnant lens epithelial cells over the posterior
capsule and/or vitreous scaffold. It occurs more
commonly in children due to more proliferative
tendencies on account of younger age. In such
cases all our efforts to give a clear medium to
the child to prevent amblyopia go in drain.
Cooperative adults can easily undergo a laser
capsulotomy to encounter the same. But a child
will always require a second surgery under
anesthesia. Thence came the importance of pri-
mary posterior capsulorhexis which we recom-
mend in children upto 8 years of age; with
limited anterior vitrectomy which we recom-
mend in children upto 6 years of age. Size of
the opening should be 4-4.5 mm about 1 mm
smaller than anterior opening [21].

Options of IOLs (in brief)

Single piece lens are meant for single site: in the
bag only. Multipiece IOL can be used at multiple
sites: in the bag, sulcus with or without capture
or scleral fixated. In the bag hydrophobic acrylic
white lenses is one of the most common implan-
tations done in cases of pediatric cataracts with/
without posterior rhexis with good bag size. In
cases of small bag size, complicated cases with
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extension of rhexis, inadvertent large posterior
capsular opening, cases post trauma with good
sulcus support a multipiece lens can be implanted
in the sulcus whose optic can be captured behind
the posterior capsular opening to enhance its sta-
bility. Cases with subluxation greater than 8 clock
hours that can’t be managed by capsular tension
ring or cionni bag fixation, are usually planned for
scleral fixation of a multipiece lens in cases not
having connective tissue disorders with normal
sclera or anterior chamber IOL and iris claw lens
otherwise. The same options hold true for second-
ary IOL placement in cases left primarily aphakic
with an additional choice of multipiece IOL place-
ment in the sulcus in cases of good sulcus support.

1.6 Syndromic Associations

Down'’s syndrome (trisomy 21) is one of the most
common genetic disorders having a wide range
of ocular manifestations like mongoloid slant,
esotropia, nystagmus, refractive errors and astig-
matism, lacrimal duct obstruction, brushfield’s
spots on iris, keratoconus. Prevalence of cataracts
in such patients varies from 4% to 37% [30].
Lowe’s syndrome (oculocerebrorenal disor-
der) involves congenital cataracts (lenticonus—
Fig. 1.13 or other forms) in children with mental
retardation and renal dysfunction [31].
Congenital rubella syndrome involves micro-
cephaly, sensorineural deafness, patent duc-
tus arteriosus and ocular involvements some of

Fig. 1.13 Anterior lenticonus
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which include membranous cataract with poorly
dilating pupil, posterior synechiae, microphthal-
mos and salt and pepper retinopathy [32]. IgM

Cataract in an infant with hepatomegaly, fail-
ure to thrive and jaundice should raise suspicion
for galactosemia and accordingly investigated

and IgG titers should be sent for if suspected.

Table 1.7 Syndromic associations of cataract [33]

(Tables 1.7 and 1.8) [35].

Inheritance
Syndrome Genetic loci pattern Phenotypic features
Autosomal recessive congenital | USP18—22q11.21 AR Microcephaly, intracranial
infection-like syndrome calcification, congenital cataracts,
(pseudo-TORCH syndrome) clinical course resembles congenital
TORCH infection
Cerebro-oculo-facio-skeletal ERCC6—10q11.23 AR Microcephaly, congenital cataracts,
syndrome (COFS) microphthalmia, arthrogryposis
(congenital joint contractures),
rocker-bottom feet, severe
developmental delay, growth failure,
dysmorphism with prominent nasal
root and overhanging upper lip
Rhizomelic chondrodysplasia PEX7, 6q23.3 AR Systemic shortening of proximal
punctata type 1 limb bones (i.e., rhizomelia),
seizures, recurrent respiratory tract
infections, congenital cataracts
Conradi-Hiinermann—Happle Emopamil-binding protein | XLD Chondrodysplasia (rhizomelic type),
syndrome (X-linked dominant (EBP) growth retardation, frontal bossing,
chondrodysplasia punctata type | gene—Xp11.23-p11.22 flat nasal bridge, down-slanting
2) space between eyelids, cataracts
(mostly sectoral), antimongoloid
slant, asymmetrically short limbs,
macrocephaly, patchy alopecia,
scaly/flaky skin, ichthyosis, flexion
deformities or spasms of
interphalangeal joint, kyphosis or
scoliosis, calcaneus valgus
Craniosynostosis-cataract - - Severe craniosynostosis, bilateral
syndrome nuclear cataracts, bifid nose-tip in
the female offspring of
nonconsanguineous parents
Cri-du-chat (cat cry) syndrome | 5p deletion most Sporadic, High shrill cry (cat cry),
[13] commonly isolated microcephaly, cataract,
cases hypertelorism, round face, mental
retardation, antimongoloid slant of
palpebral fissures, epicanthic folds,
anteverted pinnae, preauricular skin
tags, prominent nasal bridge,
micrognathia, muscular hypotony,
congenital heart, and genitourinary
defects
Czeizel Lowry syndrome - AR Microcephaly (with changes seen on
CAMFAK (congenital cataracts, CT scan of head), bilateral infantile
microcephaly, failure to thrive, cataracts, mental retardation and
and kyphoscoliosis)/CAMAK Perthes disease-like hip deformities,
(cataract, microcephaly, kyphoscoliosis, bird-like face
arthrogryposis, and kyphosis)
syndrome

(continued)
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Table 1.7 (continued)

Syndrome

Genetic loci

Inheritance
pattern

Phenotypic features

Down’s syndrome

21q22.3

Isolated
cases

Flat occiput, flat facies,
brachycephaly, epicanthal fold, flat
nasal bridge, upslanting palpebral
fissure, Brushfield spots, protruding
tongue, small nose and mouth,
diastasis recti, generous nuchal skin,
short fifth finger with clinodactyly,
single transverse palmar crease,
sandal gap (wide space between first
two toes), short, broad hands, short
fifth middle phalanx, joint
hyperflexibility, hypotonia,
premature aging, dry skin,
congenital heart defects, congenital
or infantile cataracts (particularly
cerulean blue dot cataract)

Early onset Cockayne syndrome

ERCCS gene, 5q12.1

AR

Early cataracts, microcephaly, joint
contractures, kyphosis, mental
retardation, large ears,
enophthalmos, prominent nasal

Edwards syndrome

Trisomy 18

Isolated
cases

Aniridia, cataracts, microcephaly,
microphthalmos, choanal atresia,
small jaw, bullous nose

HEC syndrome [18]
(Hydrocephalus, endocardial
fibroelastosis, and cataract)

Communicating hydrocephalus,
endocardial fibroelastosis and
congenital cataracts

Hyperferritinemia-cataract
syndrome

19q13.33, FTL gene

AD

Congenital nuclear cataract [19]
(autosomal dominant inheritance),
elevated serum ferritin levels

Hallermann—Streiff—Francois
(oculomandibulofacial or
Aubrey syndrome or Francois
dyscephalic syndrome)

6q22.31, GJA1 gene

Autosomal
recessive

Essential seven features:
Craniofacial malformations and
bird-like facies, abnormal dentition,
hypotrichosis, skin atrophy (esp. on
nose), microphthalmia, congenital
cataract, proportionate dwarfism

Lowes/oculo-cerebro-renal
syndrome

OCRL gene, Xq26.1

XLR

Triad of: congenital cataracts (can
be posterior or anterior lenticonus or
even other morphologies), neonatal/
infantile hypotonia with mental
retardation and renal tubular
dysfunction. Other features: ocular
keloid, rickets, osteopenia,
osteomalacia, glaucoma, joint
swelling, arthritis, tenosynovitis,
growth parameters like weight and
length fall below third percentile by
1-3 year age, delayed teeth eruption,
teeth crowding, hypoplastic enamel,
constricted palate. Carrier females
may have snowflake-like opacities
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Table 1.7 (continued)

Syndrome

Genetic loci

Inheritance
pattern

Phenotypic features

Majewski syndrome (short rib
polydactyly syndrome)

NEKI1 gene, 4923

AR

Lethal syndrome includes neonatal
dwarfism, short ribs, polydactyly,
cleft lip, epiglottic anomalies,
oval-shaped tibia, ambiguous
genitalia, cataracts, hypertelorism,
colobomata, microphthalmos

Marinesco-Sjogren syndrome

5q31.2, SIL1 gene

AR

Cerebellar ataxia, mental
retardation, short stature, congenital
cataracts, muscle weakness, inability
to chew food, thin brittle fingernails
and sparse hair, hypergonadotropic
hypogonadism, delayed
psychomotor development, skeletal
deformities

Martsolf syndrome

1g41, RAB3GAP2 gene

AR

Mental retardation, microcephaly,
hypogonadism in siblings of
consanguineous parents, cataracts

Menkes syndrome

Xq21.1, ATP7A gene

XLR

Kinky hair (Menkes kinky hair),
severe mental retardation, bone and
connective tissue lesions,
pronounced cupid’s bow to upper
lip, hypothermia, cataracts

Nance-Horan syndrome
(Mesiodens-cataract syndrome,
NHS)

Xp22Xp22.2.13-Xp22.1,
NHS gene

XLD

Congenital cataract in almost 100%
cases (bilateral, dense, mostly total),
microcornea, microphthalmos,
dental anomalies (Hutchinsonian
teeth, supernumerary teeth with
impacted teeth), facial dysmorphism
(long, narrow, often rectangular
face, long chin, prognathism, large
nose, narrow nasal bridge, large
protruding ears), mental retardation
(in 30%). Cataracts: bilateral,
asymmetrical and predominantly
posterior lens opacities. Carrier
females (heterozygous) have
posterior Y-sutural cataracts with
small corneas

Norrie disease

Xpl1.3 NDP gene

XLR

Early childhood blindness, retinal
dysplasia, mental disorder,
sensorineural deafness, cataracts

Pollitt syndrome
(Trichothiodystrophy 1—Sulfur
deficient hair)

ERCC2 gene, 19q13.32

AR

Sparse brittle body hair, ichthyosis,
developmental delay, growth
retardation, dysplastic nails,
photosensitivity, xeroderma
pigmentosum, eczema,
microcephaly, recurrent infections,
receding chin, protruding ears,
conjunctivitis, nystagmus,
hypoplastic genitalia, bilateral
central nuclear cataracts

(continued)
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Table 1.7 (continued)

Inheritance
Syndrome Genetic loci pattern Phenotypic features
Smith-Lemli-Opitz (SLO) 11q13.4, DHCR7 gene AR Microcephaly, broad nasal tip with
syndrome anteverted nostrils, micrognathia,

RSH syndrome

ptosis of eyelids, epicanthal folds,
cataracts, broad maxillary alveolar
ridges, slanted or low set ears,
syndactyly of second and third toes,
cleft palate, cardiac defects,
cryptorchidism in males

Source: From OMIM—Online Mendelian inheritance in man
AD autosomal dominant, AR autosomal recessive, XLD X-linked dominant, XLR X-linked recessive

Table 1.8 List of systemic and facial features giving clue
to syndromes of congenital cataract [34]

Facial
dysmorphism

Down’s syndrome
Hallermann—Streiff—Francois
syndrome

Lowe’s oculocerebrorenal
syndrome

Nance—Horan syndrome
Smith-Lemli—Opitz syndrome
Martsolf syndrome

Chondrodysplasiapunctata
(Conradi—Hiinermann
syndrome)

Short stature

Marinesco—Sjogren syndrome
Pollitt syndrome

Martsolf syndrome

COFS

AR congenital infection-like
syndrome

Microcephaly

Early onset Cockayne syndrome

Cri-du-chat syndrome

need to be clearly explained about the child’s
problem. Postoperative visual gain may be poor
subject to amblyopia which may have set in due to
long-term visual deprivation, and abnormality of
the posterior segment whose assessment may not
have been possible preoperatively. Parents have
to be counseled regarding abnormal eye move-
ments, long-term implications thereof, and that
the child will be dependent on spectacles lifelong
for distance as well as near vision. Parents should
be ready to monitor their children’s use of spec-
tacles and also if need be occlusion therapy for
amblyopia and timely follow up.

The counseling should include information
regarding possibility of VAO, need for resurgery,
future need for IOL exchange. Sibling screening
should also be highlighted.

Czeizel Lowry syndrome
Edwards syndrome

Martsolf syndrome

Digital
abnormalities

Majewski syndrome
Smith-Lemli-Opitz syndrome
Conradi-Hiinermann syndrome

Dermatological
issues

Pollitt syndrome

Menkes syndrome
HEC syndrome
Craniosynostosis

Hydrocephalus or
skull deformities

Martsolf syndrome

1.7 Parent Counseling

Counseling is perhaps the most important step
while planning any surgery. Parents/guardians

1.8 Rehabilitation

Surgery should be immediately followed by pre-
scription of glasses and amblyopia therapy. The
suture removal and repeat refraction is done at
1 month postoperatively and again at 3 months.
Contact lenses are more suitable in children with
unilateral aphakia as spectacles cause aniseikonia.
According to the Infant Aphakia Treatment Study,
primary IOL implantation and contact lens did not
show a significant difference in terms of final visual
acuity in infants <7 months of age. The children
who had IOL implantation had more adverse events
and required more reoperations to clear visual-axis
opacities. Hence, the use of contact lens is a good
alternate to IOL implantation in such children.
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In younger children, glasses are prescribed for
near. In school going children, executive bifo-
cal glasses with near add are prescribed after
correcting for distance. In children <12 months
of age, occlusion is given where both eyes are
occluded depending on age (6-month-old child
is given occlusion half of the waking hours per
day in alternate eyes). A child aged >1 year is
given occlusion in the better eye more than worse
eye (3-year-old child is given occlusion 8 waking
hours per day for 3 days in better eye and 1 day
in the worse eye). The worse eye is occluded to
avoid development of occlusion amblyopia in
the better eye. Patients are followed up every
4-6 weeks initially and every 3 months thereaf-
ter to see for response of treatment. Occlusion is
gradually tapered off once the desired effect is
achieved. Levodopa, carbidopa, and citicoline
have shown good results in modulating the plas-
ticity [21].

1.9 Summary (Point Wise)

* Major signs for pediatric cataracts include
leukocoria, strabismus, abnormal ocular
movements and delayed visual milestones.

e Leukocoria can be due to opacity anterior to
lens, in the lens or posterior to it.

e Family members especially siblings should
always be screened.

e A detailed treatment history should be taken
to rule out drug induced cataracts.

e Mother should be enquired about exanthema-
tous fever during antenatal period in cases of
suspected rubella.

* Bilateral cataracts have something abnormal
in the body; unilateral cataracts have some-
thing abnormal in the eye.

e Small children can be examined in mother’s
lap or shoulder hold.

* Vision assessment is the most elementary
investigation that can be done using special-
ized tests depending on the age of child.

e Ocular movement’s evaluation is a crucial part
of pediatric cataract assessment.

e Pupillary reactions give us a fair idea of neu-
ronal status.

* Red reflex test helps us assess cataracts, squints
and refractive errors and also provides a hint
toward any possible posterior segment
pathology.

e Cataract morphology should be assessed on
distant direct ophthmoscopy as well as on slit
lamp examination.

e Indirect ophthalmoscopy with scleral indenta-
tion is the gold standard for posterior segment
evaluation wherever possible.

e Systemic investigations should be tailor cut
and warranted only based on clinical clues.

e Ultrasound B-scan should be done in cases of
total media opacity.

e Prefer 20% undercorrection in IOL power for
infants less than 6 months, 15% for 6 months
to 1 year, 10% for 1-2 years, 5% for 2-5 years,
and emmetropic power thereafter.

e [OL should not be put in axial lengths less
than 17 mm or white to white less than 9 mm.

e Posterior capsulotomy must be done in chil-
dren upto 8 years of age with limited anterior
vitrectomy in children upto 6 years of age to
prevent VAO formation.

* Rehabilitation with contact lens or glasses
with amblyopia therapy is the most important
part in management of pediatric cataracts.
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IOL Power Calculation

Abdelrahman M. Elhusseiny and Bharti R. Nihalani

2.1 Introduction

IOL power calculation is relatively simple in adult
eyes, requiring axial length (AL), corneal power—
keratometry (K) values and IOL parameters. The
constant size of the adult eye ensures the refrac-
tion remains stable. However, IOL power calcula-
tion is challenging in pediatric eyes [1, 2]. These
eyes have shorter AL, steeper corneas with high
K-values and shorter anterior chamber depth
(ACD) compared to adults. The biometry mea-
surements are performed under anesthesia in
infants and young children where it is difficult to
ensure central fixation making it less precise. IOL
calculation formulas designed for adult eyes are
used in pediatric eyes with varied accuracy [3-6].
None of the formulas encounter for the growth of
pediatric eyes. The ocular growth has profound
effects and results in large myopic shift as the
child grows. To prevent this, most surgeons tend
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to undercorrect the IOL power depending on age
of the child at cataract surgery. The rate of ocular
growth of an aphakic or pseudophakic eye is fur-
ther complicated by laterality of cataract, amblyo-
pia, adherence to amblyopia treatment, and
presence of other co-morbidities such as glau-
coma. All these factors complicate the IOL power
calculation in pediatric eyes.

In this chapter, we discuss the challenges of
IOL power calculation that are encountered by a
pediatric ophthalmologist and discuss current
practices.

2.2 Eye Growth

The mean AL ranges from 16.6 to 17 mm in a
full-term newborn eye. In a premature infant, AL
increases from 15.38 + 0.25 mm at the age of
33 weeks to 16.88 +0.59 mm at 41 weeks [7, 8].
Most of ocular growth occurs in the first few
years of life resulting in significant refractive
changes. Axial elongation occurs at a rate of
0.18 mm/week until 40 weeks postmenstrual age
then at a rate of 0.15 mm/week till the age of
3 months. AL increases rapidly in the first 2 years
of life then it slows down until it reaches the
mean adult value of 23.5 mm in males (22.9 mm
in females) at the age 16 years (Fig. 2.1) [9, 10].
The mean K power at birth is 51.2 diopters (D)
(steeper corneal curvature) and as AL increases,
the average K decreases until it reaches 43.5 D in
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Fig. 2.1 Graph showing the change in keratometry and
axial length from birth until it stabilizes and reaches the
adult values. (Graph is taken from the landmark article.

adulthood. The changes in the diopteric power of
the crystalline lens follows a triphasic pattern
with marked reduction in the diopteric power by
>10 D during the 12 months after birth then a
slower rate of 3—4 D decrease from the age of 2
before stabilizing at the age of 10 years [7]. This
process of developing and maintaining emmetro-
pia with axial elongation and corneal flattening is
referred to as emmetropization.

Ocular growth patterns differ in children with
cataractous eyes. Axial elongation after pediatric
cataract surgery is related to several factors such
as age at time of surgery, presence of IOL or not,
amblyopia and genetic factors. Lambert and col-
leagues as a part of the Infant Aphakia Treatment
Study (IATS) have evaluated AL, K-readings and
corneal diameter (CD) in children with unilateral
cataract compared to the normal fellow eyes [11].
They reported that cataractous eyes have shorter
AL of 18 £ 1.3 mm compared to 18.6 = 0.9 mm in
the normal fellow eye by an average of 0.6 mm
[11]. A statistically significant difference in the
rate of axial elongation was observed, by the age
of 1 year, in eyes who underwent primary IOL
implantation (0.24 mm/month) compared to eyes
with aphakic contact lens correction (0.17 mm/
month). Rates of axial elongation differed accord-
ing to the timing of cataract surgery [11]. For the
pseudophakic group, the mean AL at the age of

-2 0 6 12 24 36 4860 Adult
Age, mo

Gordon RA, Donzis PB. Refractive development of the
human eye. Arch Ophthalmol 1985;103: 785-9)

1 year was 19.5 mm for patients who underwent
cataract surgery at the age of 1 month compared
to 21.1 mm for patients operated on at the age of
6 months. For aphakic group with contact lens
correction, the mean AL at the age of 1 year was
19 mm for patients operated on at the age of
1 month compared to 19.5 mm for patients oper-
ated on at the age of 6 months [11]. Cataractous
eyes had significantly higher K-readings
(46.4 £ 2.7 D compared to 45.5 + 1.8 D) and
smaller CD (10.5 = 0.7 mm compared to
10.8 + 0.6 mm) compared to normal fellow eyes
[11]. Although Lambert and colleagues have
demonstrated a difference in AL between the nor-
mal fellow eye (20.7 + 0.6 mm) and pseudophakic
or aphakic eyes at the age of 1 year, other authors
have reported no significant difference between
pseudophakic eyes and normal fellow eyes over
time suggesting normal growth of pseudophakic
eyes [12, 13]. Recently, Trivedi and colleagues
developed a model to predict rate of axial elonga-
tion in patients undergoing bilateral cataract
extraction aiming to help surgeons to select the
appropriate IOL power for primary implantation
[14]. They retrospectively evaluated 64 patients
with a median age of 5.1 months at time of sur-
gery and developed a multivariable generalized
estimating equation regression model to predict
individual future adult size AL for each child [14].
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2.3  Biometry

Optical biometry using partial coherence inter-
ferometry has become the gold standard as it is
highly accurate, easy to perform, noninvasive,
and comfortable for the patients [15—18]. It car-
ries the advantages of higher reproducibility and
operator independence [15-17, 19]. However, it
is not possible to get the measurements in young
uncooperative children and in children with
dense cataract, anterior and posterior capsular
plaques that are commonly encountered in pedi-
atric eyes. In our clinic, we try to perform optical
biometry in all patients older than 4 years of age.
Biometry is performed under general anesthesia
(GA) on the day of surgery for infants and young
children and in patients where optical biometry
could not be obtained.

Keratometry is typically performed with por-
table autokeratometer. Errors in keratometric
readings alter IOL power in a ratio of 1:1 [20].
Mittelviefthaus and Gentner have demonstrated
that lack of fixation in young infants and children
during keratometry under GA can lead to inac-
curate K-readings with higher deviations of the
predicted postoperative refraction, therefore mul-
tiple measurements are required to improve accu-
racy [21]. We consider a mean of at least 3
K-readings for IOL power calculation.

AL measurements are performed under GA in
infants and children where it is difficult to ensure
central fixation. Changes in AL alter IOL power
by 2.5-3 D for each 1 mm error in measurement
[22]. A-scan ultrasound biometry can be per-
formed either by applanation or immersion tech-
nique. In applanation/contact technique, the
ultrasound probe comes in direct contact with the
cornea which may indent the corneal surface
resulting in shorter AL and IOL power underesti-
mation with subsequent myopic prediction error
[23]. Too much tear film or too light a touch can
cause erroneously long AL readings because it
will include the thickness of the coupler. Absence
of enough tear film will give poor quality, low
intensity spikes. In contrast to applanation ultra-
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Fig. 2.2 Axial length tracing using immersion method
showing twin corneal spikes representing front and back
surfaces of the cornea. It is important to get straight, steep
retinal spike with descending orbital fat behind the scleral
echo. (Image taken with permission from AAO)

sound biometry, immersion ultrasound uses a
coupling fluid between the ultrasound probe and
the cornea preventing corneal indentation. The
main difference on appearance of the scan will be
two corneal spikes representing the front and
back surfaces of cornea (Fig. 2.2). Once the ultra-
sound probe is properly aligned with optical axis
of the eye, a straight, steep retinal spike will be
displayed on the screen, however if the probe is
not perpendicular to the retina, the spike will be
jagged slow-rising echo spike [23, 24]. It is
important to look for good spikes on the scan, use
adequate gain and take a mean of at least five
measurements.

Ben-Zion and colleagues [24] retrospectively
evaluated 203 children who underwent cataract
extraction and primary IOL implantation com-
paring the accuracy of A-scan immersion biome-
try to applanation A-scan biometry. They reported
no significant difference in the postoperative
refractive results or IOL prediction errors
between the two methods; however, Trivedi and
Wilson reported that there is a statistically sig-
nificant difference in the mean prediction errors
between both methods, recommending immer-
sion A-scan biometry for more accurate pediatric
IOL power calculation [23].
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Formula

There are two categories of IOL calculation for-
mulas, regression formulas such as the Sanders-
Retzalff-Kraff (SRK 1) formula and its
modification with improved accuracy (SRK II) or
theoretical formulas such as Hoffer Q, Holladay
I, Holladay II, Haigis, T2, Barrett Universal I and
II and Super formula. The regression SRK for-
mula was subsequently modified and optimized
for postoperative anterior chamber depth (ACD)
prediction, AL correction and corneal refractive
index creating a third generation nonlinear theo-
retic formula (SRK/T) [25]. Several studies have
evaluated the predictability of these formulae in
pediatric eyes.

Andreo and colleagues studied 47 consecutive
pseudophakic pediatric patients, aged 3 months
to 16 years and compared four formulas (SRK II,
SRK/T, Holladay and Hoffer Q). They found no
significant difference in accuracy between the
formulas and reported the average initial postop-
erative refractive error between 1.2 and 1.4 D
with all formulas [26]. Another study found that
the mean difference between the predicted and
the actual postoperative refractions was slightly
more accurate using theoretic formulas (1.06 D
vs. 1.22 D with regression formulas), though
none of the formulas were satisfactory in achiev-
ing target refraction [27].

Nihalani and VanderVeen retrospectively eval-
uated 135 eyes of children <18 years of age who
underwent cataract surgery and IOL implantation
with a mean age of 6.4 years and mean AL of
22.16 mm at the time of surgery [5]. They com-
pared four different formulas (Hoffer Q, Holladay
I, SRK II, SRK/T) and reported a mean absolute
prediction error (lpredicted refraction minus
actual refractionl) of 0.76 D, 0.76 D, 1.11 D,
0.84 D using Hoffer Q, Holladay I, SRK II and
SRK/T formulas respectively. The minimum pre-
diction error was achieved by Hoffer Q formula
in 46% of eyes compared with 12.5% with
Holladay I, 23% with SRK 1II, and 18.5% with
SRK/T indicating that Hoffer Q was the most
predictable for the highest number of eyes [5].

Neely and colleagues evaluated 101 eyes of
children with pediatric cataract and concluded
that SRK IT was the least variable compared with
Hoffer Q, Holladay I, SRK/T especially in
patients with preoperative AL less than 19 mm
[3], however 37% of study population had special
types of pediatric cataract such as persistent fetal
vasculature (PFV)-associated cataract and trau-
matic cataract [4]. Kekunnaya and colleagues
evaluated 128 eyes of 48 children less than age of
2 years who underwent cataract extraction and
primary IOL implantation and reported that SRK
IT was the most predictable IOL formula in their
cohort [28].

Shuaib and colleagues retrospectively evalu-
ated 235 pediatric cataract eyes and showed that
SRK/T formula is significantly more predictive
than Hoffer 1, Holladay I, and SRK II especially
in patient with preoperative AL less than 25 mm
[6]. VanderVeen and colleagues, as a part of
IATS, evaluated 43 eyes with a mean age of
2.5 = 1.5 months at time of surgery and mean pre-
operative AL of 18.1 = 1.1 mm and showed that
SRK/T and Holladay I had the lowest mean abso-
lute prediction error of 1.4 += 1.1 D and
1.7 £ 1.3 D, respectively [29].

SRK/T formula has been further modified by
Sheard and colleagues to account for the non-
physiologic behavior in calculating AL and cor-
neal height creating a new T2 formula which
showed 9.7% less prediction error than SRK/T
formula (p < 0.0001) [30]. In the IATS popula-
tion, T2 had the lowest mean and median predic-
tion error when compared to Haigis, Olsen, and
Barret Universal formulas [31]. Holladay had
added several factors such as white to white
diameter, ACD, and preoperative lens thickness
to his original formula to improve its accuracy
(Holladay II). Trivedi and colleagues reported
that Holladay II is more predictable when com-
pared to other formulas (Holladay I, Hoffer Q,
and SRK/T) especially for eyes with AL less than
22 mm even in absence of preoperative refraction
[32].

In the largest to-date study comparing the pre-
dictability of six IOL calculation formulas (SRK
II, SRK/T, Holladay I, Hoffer Q, T2, and Super
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formulas), Li and colleagues evaluated 377 eyes
with pediatric eyes (<13 years) that underwent
cataract extraction and primary IOL implantation
with a mean AL of 22.48 + 1.91 mm. They
included only patients with congenital and devel-
opmental cataract excluding other causes like
PFV, traumatic cataract or cataract associated
with other anterior segment abnormalities. They
reported that Hoffer Q and Holladay I, followed
closely by Super formula had the best predictive
values while SRK II had the highest mean abso-
lute predictive errors compared to other formulas
(p <0.001) [3].

The prediction error should be zero in ideal
scenario; however, most studies report a predic-
tion error ranging from 0.7 to 1.5 D in pediatric
eyes. Overall, there is no consensus regarding the
IOL calculation formula that works in pediatric
eyes. The factors that have been reported to result
in high prediction errors in pediatric eyes include
steep corneal curvature [33], younger age at time
of cataract surgery [34] and shorter preoperative
AL [32].

A-constant is used in SRK II and SRK/T for-
mulas and is a theoretical value that relates the
lens power to AL and K-values. It depends on
multiple variables including IOL manufacturer,
refraction index, style, and placement within the
eye. Any change in the A-constant can change
IOL power calculation with a ratio of 1:1. It var-
ies among IOL models and is specified by the
manufacturer on the lens case. A personalized
A-constant can be calculated by measuring the
postoperative refractions from last 20-50 patients
to account for the calculation errors in the per-
sonal practice. Other constants used in the mod-
ern IOL formulas include the ACD value in
Binkhorst and Hoffer Q formulas, the a0, al, and
a2 constants of the Haigis formula, and the
Surgeon factor (SF) in Holladay formulas.

If the site of the IOL implantation needs to be
changed after the start of surgery, an appropriate
IOL power adjustment can be made without the
need for re-evaluation. The IOL intended for cap-
sular bag placement should be decreased by
1-2 D (depending on the IOL power; the higher
the power, the greater the reduction), when placed
in the ciliary sulcus.

2.5 IOL Power Selection

Various opinions exist regarding postoperative
refractive goal. Most surgeons prefer to undercor-
rect and leave the patients with initial hyperopia
that carries the advantage of less myopic shift at
adulthood with continued axial growth, however,
optical correction will be needed postoperatively
which may be challenging in this age group carry-
ing the risk of dense amblyopia associated with
high uncorrected hyperopia. Other surgeons prefer
initial emmetropia given that it may be helpful in
amblyopia management in the immediate postop-
erative period however this needs to be balanced
with risk of myopia in adulthood [35]. It is prudent
to consider factors such as status of the fellow eye,
density of amblyopia, likelihood of amblyopia
treatment compliance, family history of myopia in
addition to the primary factor aka age at surgery.

One of the commonly used principle for IOL
power selection based on age at surgery was pro-
posed by Enyedi and colleagues who recom-
mended target refraction for various ages
suggesting +6.00 for age 1 and aiming emmetro-
pia at age 7. This is often referred to as the “Rule
of 7.7 [13] Dahan and Drusedau suggested that
IOL power should be chosen based on calculat-
ing a percentage of the IOL power required to
achieve emmetropia recommending 20% under-
correction for children <2 years of age, and 10%
undercorrection for children 2-8 years of age
[36]. Table 2.1 shows these two studies whose
formulas are commonly used for IOL power
undercorrection.

The McClatchey Pediatric IOL Calculator is
another useful tool that involves a computer pro-
gram that calculates the IOL power to achieve
desired refraction at age 20 years, based on a
typical rate of refractive growth, and utilizes both
axial length and age at surgery. However, to date
no simple algorithm has been proposed that uti-
lizes axial length and age together to suggest
which IOL power implanted in early childhood
could best achieve a final refraction of low myo-
pia to near emmetropia in adulthood [37]. In our
practice, we follow the rule of 7 for deciding the
amount of undercorrection depending on the age
at surgery.
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Table 2.1 Commonly used methods for IOL power
undercorrection in pediatric eyes

Table 2.2 Undercorrection in pediatric eyes using SRK
II formula recommended by Khokhar et al. [38, 39]

Mean
refractive
Sample| change with
size age Suggested formula

Enyedi 83 0-2 years: Age + SRE=7
etal. [13] |eyes —3.0 D over

2.5 years

2-6 years: SRE = suggested

—1.5D over | refractive error

2.5 years

6-8 years: (Age 1: +6 D; Age

—1.8Dover |2:+5D;Age3:

3 years +4 D; Age 4:

>8 years: +3 D; Age 5:

-0.38D +2 D; Age 6:

over +1 D; Age 7:

1.8 years Plano)
Dahan 156 0-1.5 years: | Undercorrection
and eyes |—63D for IOL
Drusedau 1.5-3 years: | <2 years: 20%
[34] -27D

3-8 years: 2-8 years: 10%

-2.6D

Axial growth may vary with population. A
large sample size study (147 eyes) conducted in
Indian population by Khokhar and colleagues
showed median AL growth of 0.21 mm for
0—-6 months, 0.18 mm for 6-18 months, and
0.06 mm from 18 to 60 months [38]. Mean IOL
power under correction in 0-6, 618, and 18—60-
month age groups was 15% 10.5% and 3.6%
respectively. The under correction formula
applied to SRK II for IOL power calculation rec-
ommended by Khokhar and colleagues is given
in Table 2.2 [38, 39].

Gayton and Sanders suggested implanting
two posterior chamber IOLs, one implanted in
the capsular bag and the other one in the ciliary
sulcus in children with microphthalmia to cor-
rect high hyperopia with intent to remove the
sulcus-implanted IOL as the eye grows and myo-
pia happens [40]. Wilson and colleagues retro-
spectively evaluated 15 eyes of 11 children
implanted with piggyback IOLs below the age of
1 year and reported that 26% of these cases
required re-operation for anterior segment com-
plications [41]. Boisvert and colleagues have

Undercorrection to IOL power

Age calculated by SRK II formula
<6 months 20%

6—12 months 15%

1 year 10%

1.5 years 7%

2 years 5%

5 years 2%

>5 years Nil

proposed a theoretical IOL power calculator that
can be used to predict the postoperative refrac-
tion and help choosing the appropriate IOL
power when piggyback IOL implantation is
planned [42]. However, this approach is not
widely accepted given the high risk of anterior
segment complications that may be associated
with implanting two IOLs in the limited space in
small pediatric eyes along with the known risks
of sulcus-implanted IOLs such as postoperative
inflammation, pigment dispersion, uveitis, and
glaucoma.

2.6 Myopic Shift

Rates of postoperative myopic shift differ among
different studies with marked variability in post-
operative refraction [43—46]. Plager and col-
leagues evaluated 38 eyes who underwent
unilateral cataract extraction with posterior
chamber IOL (PC-IOL) implantation with a
mean follow-up of 6.1 years and reported a mean
myopic shift of 4.6 D when surgery was done at
age of 2-3 years, 2.3 D when surgery was done at
age of 6-7 years, and 1.25 D when surgery was
done at age 8-9 years [47]. In a prospective study
including 42 eyes who underwent unilateral or
bilateral cataract surgery between the age of
12 months and 18 years with a mean follow-up
time of 5.45 years, Crouch and colleagues
reported a mean myopic shift of 5.96 D in patients
operated on at age of 1-2 years, 3.66 D in patients
operated on at age of 3—4 years, 3.4 D in patients
operated on at age of 5-6 years, 2.3 D at age of
7-8 years [46].
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McClatchey and colleagues retrospectively
compared the rates of refractive growth in chil-
dren with or without IOL implantation with a
minimum follow-up time of 3 years. They con-
cluded that the rate of growth was significantly
less in pseudophakic children (—4.6 D) compared
to aphakic children (-5.7 D) (p = 0.03) [48].
Patients with unilateral pseudophakia had a lesser
rate of growth (—4 D) compared to those with
bilateral pseudophakia (—5.2 D) [48]. Superstein
and colleagues evaluated rates of myopic shift in
233 aphakic eyes to 92 pseudophakic eyes. They
reported a mean myopic shift of 1.5 D in
pseudophakic eyes compared to 7.4 D in aphakic
eyes [49]. Vasavada and colleagues evaluated rate
of axial growth after congenital cataract surgery
and found that it was higher in children <1 year
of age and increases until the second year after
surgery [50]. They also found that unilateral
pseudophakia revealed accelerated growth com-
pared to bilateral pseudophakia.

Weakley and colleagues evaluated myopic
shift at 5 years of age after cataract extraction and
IOL implantation in patients who were included
in IATS. They reported a mean myopic change of
0.35 D/month from 1 month after cataract sur-
gery to 1.5 years of age, 0.97 D/year after age of
1.5 years [51]. Another study showed that myo-
pic shift may continue in the second decade of
life with a mean myopic shift of 0.3 D/year [52].
Lambert and colleagues concluded that rate of
refractive growth was similar in both aphakic and
pseudophakic group, however higher rate of
refractive growth was associated with worse
visual outcomes in aphakic not pseudophakic
group [53]. Gochnauer and colleagues also dem-
onstrated that preoperative interocular AL differ-
ence as found in unilateral cataractous eyes
increases the risk of poor postoperative best cor-
rected visual acuity (BCVA) [54]. Glaucoma fol-
lowing cataract surgery (GFCS) can also be one
of the contributing factors for axial elongation
and myopic shift [55, 56].

The optics of the growing eyes are poorly
understood till date, and there is no model of

refractive growth or way to predict the ultimate
refraction in aphakic or pseudophakic eyes.

2.7  Future Directions

There is a need for more normative database to
better understand the growth of pediatric eye and
to compare it with the growth of pediatric eye
treated for congenital cataract with aphakia or
pseudophakia. This will help us develop IOL
power calculation formula that is specifically
designed for pediatric eyes and tailored for each
eye depending on various factors such as age at
surgery, predicted ocular growth for that eye, and
status of fellow eye to achieve best refractive
outcomes.

2.8 Conclusion

The goal of pediatric cataract surgery is to pro-
mote the development of good visual acuity and
achieve emmetropia by adulthood. IOL power
choice is only one step in the path of this goal,
which includes amblyopia management and
refractive correction. Despite our best efforts, it
may be that some of these children will get large
myopic shifts, which will be the greatest in chil-
dren having surgery in first few years of life.
There is a need to develop simple IOL power cal-
culation algorithms for use in young children
undergoing cataract surgery.

29 Method of Literature Review

A literature review of PubMed, CENTRAL,
Google Scholar, the Register of Controlled Trials,
ClinicalTrials.gov (www.clinicaltrials.gov), Ovid
MEDLINE In-Process, Ovid MEDLINE,
EMBASE and other Non-Indexed Citations was
performed. The databases were searched using
the following terms: “predictability of intraocular

lens calculation formula,” “pediatric cataract,”
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“refractive errors,

99 ¢

prediction errors,” and “axial

length.”. There were no language or date

restrictions.
Acknowledgment None

Funding:  Children’s  Hospital ~ Ophthalmology
Foundation

Disclosure: No financial disclosures

References

10.

11

12.

. Neely

. Lambert SR, Lynn M, Drews-Botsch C, DuBois L,

Wilson ME, Plager DA, Wheeler DT, Christiansen
SP, Crouch ER, Buckley EG, et al. Intraocular lens
implantation during infancy: perceptions of par-
ents and the American Association for Pediatric
Ophthalmology And Strabismus Members. ] AAPOS.
2003;7(6):400-5.

. Wilson ME Jr, Bartholomew LR, Trivedi RH. Pediatric

cataract surgery and intraocular lens implantation:
practice styles and preferences of the 2001 ASCRS
and AAPOS memberships. J Cataract Refract Surg.
2003;29(9):1811-20.

. LiJ, Liu Z, Wang R, Cheng H, Zhao J, Liu L, Chen

W, Wu M, Liu Y. Accuracy of intraocular lens power
calculations in paediatric eyes. Clin Exp Ophthalmol.
2020;48:301.

DE, Plager DA, Borger SM, Golub
RL. Accuracy of intraocular lens calculations in
infants and children undergoing cataract surgery. J
AAPOS. 2005;9(2):160-5.

. Nihalani BR, Vander Veen DK. Comparison of intra-

ocular lens power calculation formulae in pediatric
eyes. Ophthalmology. 2010;117(8):1493-9.

. Shuaib AM, Elhusseiny AM, Hassanein DH, Zedan

RH, Elhilali HM. Predictive value of intraocular lens
power calculation formulae in children. J Am Assoc
Pediatr Ophthalmol Strab. 2019;23(4):e54.

. Gordon RA, Donzis PB. Refractive development of

the human eye. Arch Ophthalmol. 1985;103(6):785-9.

. O’Brien C, Clark D. Ocular biometry in pre-term

infants without retinopathy of prematurity. Eye
(Lond). 1994;8(Pt 6):662-5.

. Fledelius HC, Christensen AS, Fledelius C. Juvenile

eye growth, when completed? An evaluation based on
IOL-master axial length data, cross-sectional and lon-
gitudinal. Acta Ophthalmol. 2014;92(3):259-64.
Eibschitz-Tsimhoni M, Archer SM, Del Monte
MA. Intraocular lens power calculation in children.
Surv Ophthalmol. 2007;52(5):474-82.

. Lambert SR, Lynn MJ, DuBois LG, Cotsonis GA,

Hartmann EE, Wilson ME. Axial elongation follow-
ing cataract surgery during the first year of life in the
infant aphakia treatment study. Invest Ophthalmol Vis
Sci. 2012;53(12):7539-45.

Hutchinson AK, Drews-Botsch C, Lambert
SR. Myopic shift after intraocular lens implan-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26

27.

28.

tation during childhood.
1997;104(11):1752-17.

Enyedi LB, Peterseim MW, Freedman SF, Buckley
EG. Refractive changes after pediatric intraocular lens
implantation. Am J Ophthalmol. 1998;126(6):772-81.
Trivedi RH, Barnwell E, Wolf B, Wilson ME. A
model to predict postoperative axial length in children
undergoing bilateral cataract surgery with primary
intraocular lens implantation. Am J Ophthalmol.
2019;206:228-34.

Roy A, Das S, Sahu SK, Rath S. Ultrasound biometry
vs. IOL master. Ophthalmology. 2012;119(9):1937—
1937.e1932.

Nakhli FR. Comparison of optical biometry and appla-
nation ultrasound measurements of the axial length of
the eye. Saudi J Ophthalmol. 2014;28(4):287-91.
Wang X-G, Dong J, Pu Y-L, Liu H-J, Wu
Q. Comparison axial length measurements from
three biometric instruments in high myopia. Int J
Ophthalmol. 2016;9(6):876-80.

Packer M, Fine IH, Hoffman RS, Coffman PG, Brown
LK. Immersion a-scan compared with partial coher-
ence interferometry: outcomes analysis. J Cataract
Refract Surg. 2002;28(2):239-42.

Hussin HM, Spry PG, Majid MA, Gouws P. Reliability
and validity of the partial coherence interferometry
for measurement of ocular axial length in children.
Eye (Lond). 2006;20(9):1021-4.

Holladay JT. Standardizing constants for ultra-
sonic biometry, keratometry, and intraocular
lens power calculations. J Cataract Refract Surg.
1997;23(9):1356-70.

Mittelviefhaus H, Gentner C. [Errors in keratom-
etry for intraocular lens implantation in infants].
Ophthalmologe. 2000;97(3):186-8.

Prager TC, Hardten DR, Fogal BJ. Enhancing intra-
ocular lens outcome precision: an evaluation of axial
length determinations, keratometry, and IOL formu-
las. Ophthalmol Clin N Am. 2006;19(4):435-48.
Trivedi RH, Wilson ME. Prediction error after pediat-
ric cataract surgery with intraocular lens implantation:
contact versus immersion a-scan biometry. J Cataract
Refract Surg. 2011;37(3):501-5.

Ben-Zion I, Neely DE, Plager DA, Ofner S, Sprunger
DT, Roberts GJ. Accuracy of IOL calculations in
children: a comparison of immersion versus contact
a-scan biometery. ] AAPOS. 2008;12(5):440-4.
Retzlaff JA, Sanders DR, Kraff MC. Development of
the srk/t intraocular lens implant power calculation
formula. J Cataract Refract Surg. 1990;16(3):333-40.

Ophthalmology.

. Andreo LK, Wilson ME, Saunders RA. Predictive

value of regression and theoretical IOL formulas
in pediatric intraocular lens implantation. J Pediatr
Ophthalmol Strabismus. 1997;34(4):240-3.

Mezer E, Rootman DS, Abdolell M, Levin AV. Early
postoperative refractive outcomes of pediatric intra-
ocular lens implantation. J Cataract Refract Surg.
2004;30(3):603-10.

Kekunnaya R, Gupta A, Sachdeva V, Rao HL,
Vaddavalli PK, Om Prakash V. Accuracy of intraocu-



IOL Power Calculation

29

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

lar lens power calculation formulae in children less
than two years. Am J Ophthalmol. 2012;154(1):13—
19.e12.

Vanderveen DK, Trivedi RH, Nizam A, Lynn MJ,
Lambert SR. Predictability of intraocular lens
power calculation formulae in infantile eyes with
unilateral congenital cataract: results from the
infant aphakia treatment study. Am J Ophthalmol.
2013;156(6):1252-1260.e1252.

Sheard RM, Smith GT, Cooke DL. Improving the pre-
diction accuracy of the srk/t formula: the t2 formula. J
Cataract Refract Surg. 2010;36(11):1829-34.

Vander Veen DK, Trivedi RH, Nizam A, Lynn MJ,
Lambert SR. Reply: to PMID 24011524. Am J
Ophthalmol. 2014;157(6):1332-3.

Trivedi RH, Wilson ME, Reardon W. Accuracy of the
holladay 2 intraocular lens formula for pediatric eyes
in the absence of preoperative refraction. J Cataract
Refract Surg. 2011;37(7):1239-43.

Hoevenaars NE, Polling JR, Wolfs RC. Prediction
error and myopic shift after intraocular lens
implantation in paediatric cataract patients. Br J
Ophthalmol. 2011;95(8):1082-5.

Moore DB, Ben Zion I, Neely DE, Plager DA, Ofner
S, Sprunger DT, Roberts GJ. Accuracy of biometry
in pediatric cataract extraction with primary intra-
ocular lens implantation. J Cataract Refract Surg.
2008;34(11):1940-7.

Consultation section. Artificial lens implantation
in the pediatric age group? J Cataract Refract Surg.
1991;17(4):512-8.

Dahan E, Drusedau MU. Choice of lens and dioptric
power in pediatric pseudophakia. J Cataract Refract
Surg. 1997;23(Suppl 1):618-23.

McClatchey SK. Intraocular lens calculator for
childhood cataract. J Cataract Refract Surg.
1998;24(8):1125-9.

Khokhar SK, Tomar A, Pillay G, Agarwal
E. Biometric changes in Indian pediatric cataract and
postoperative refractive status. Indian J Ophthalmol.
2019;67(7):1068-72.

Khokhar SK, Tomar A, Pillay G, Agarwal E. Response
to comments on: biometric changes in Indian pediat-
ric cataract and postoperative refractive status. Indian
J Ophthalmol. 2019;67(11):1907.

Gayton JL, Sanders VN. Implanting two posterior
chamber intraocular lenses in a case of microphthal-
mos. J Cataract Refract Surg. 1993;19(6):776-7.
Wilson ME, Peterseim MW, Englert JA, Lall-Trail
JK, Elliott LA. Pseudophakia and polypseudophakia
in the first year of life. ] AAPOS. 2001;5(4):238-45.
Boisvert C, Beverly DT, McClatchey SK. Theoretical
strategy for choosing piggyback intraocular lens pow-
ers in young children. J AAPOS. 2009;13(6):555-7.
Brady KM, Atkinson CS, Kilty LA, Hiles DA. Cataract
surgery and intraocular lens implantation in children.
Am J Ophthalmol. 1995;120(1):1-9.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Inatomi M, Kora'Y, Kinohira Y, Yaguchi S. Long-term
follow-up of eye growth in pediatric patients after uni-
lateral cataract surgery with intraocular lens implanta-
tion. J AAPOS. 2004;8(1):50-5.

Vasavada AR, Vasavada V, Shah SK, Praveen MR,
Vasavada VA, Trivedi RH, Rawat F, Koul A. Five-
year postoperative outcomes of bilateral apha-
kia and pseudophakia in children up to 2 years of
age: a randomized clinical trial. Am J Ophthalmol.
2018;193:33-44.

Crouch ER, Crouch ER Jr, Pressman SH. Prospective
analysis of pediatric pseudophakia: myopic shift and
postoperative outcomes. J AAPOS. 2002;6(5):277-82.
Plager DA, Kipfer H, Sprunger DT, Sondhi N,
Neely DE. Refractive change in pediatric pseudo-
phakia: 6-year follow-up. J Cataract Refract Surg.
2002;28(5):810-5.

McClatchey SK, Dahan E, Maselli E, Gimbel HV,
Wilson ME, Lambert SR, Buckley EG, Freedman SF,
Plager DA, Parks MM. A comparison of the rate of
refractive growth in pediatric aphakic and pseudopha-
kic eyes. Ophthalmology. 2000;107(1):118-22.
Superstein R, Archer SM, Del Monte MA. Minimal
myopic shift in pseudophakic versus aphakic pediatric
cataract patients. ] AAPOS. 2002;6(5):271-6.
Vasavada AR, Raj SM, Nihalani B. Rate of axial
growth after congenital cataract surgery. Am J
Ophthalmol. 2004;138(6):915-24.

Weakley DR Jr, Lynn MJ, Dubois L, Cotsonis G,
Wilson ME, Buckley EG, Plager DA, Lambert
SR. Myopic shift 5 years after intraocular lens
implantation in the infant aphakia treatment study.
Ophthalmology. 2017;124(6):822-7.

VanderVeen D.K. Selecting an Intraocular Lens
Power. In: Lloyd I., Lambert S. (eds) Congenital

Cataract. ~ Springer, Cham; 2017. https://doi.
0rg/10.1007/978-3-319-27848-3_8.

Lambert SR, Cotsonis G, DuBois L, Wilson
ME, Plager DA, Buckley EG, McClatchey

SK. Comparison of the rate of refractive growth in
aphakic eyes versus pseudophakic eyes in the infant
aphakia treatment study. J Cataract Refract Surg.
2016;42(12):1768-73.

Gochnauer AC, Trivedi RH, Hill EG, Wilson
ME. Interocular axial length difference as a predictor
of postoperative visual acuity after unilateral pediatric
cataract extraction with primary iol implantation. J
AAPOS. 2010;14(1):20-4.

Elhusseiny AM, El Sayed YM, El Sheikh RH, Gawdat
GI, Elhilali HM. Circumferential Schlemm’s canal
surgery in adult and pediatric glaucoma. Curr Eye
Res. 2019;44(12):1281-90.

Gouda J, Elhusseiny A, Tomairek RH, Elfayoumi D,
Awadein A, Gawdat G, Elhilali H. Changes in intra-
ocular pressure and anterior chamber angle after
congenital cataract extraction. ] Am Assoc Pediatr
Ophthalmol Strab. 2019;23(4):e30-1.


https://doi.org/10.1007/978-3-319-27848-3_8
https://doi.org/10.1007/978-3-319-27848-3_8

®

Check for
updates

Step Wise Surgical Treatment
of Pediatric Cataract

Chirakshi Dhull and Sudarshan Kumar Khokhar

3.1 Introduction

Childhood cataracts differ from adult cataracts
in their age of presentation and impact on visual
development. In addition to this, the surgical
technique also needs to be molded according
to differences in anatomy, physiological factors
and inflammatory response. The aim of pediatric
cataract surgery is not just to clear visual axis
but also to maintain clear visual axis for a long
time. In this chapter, we will discuss steps of
pediatric cataract surgery in detail individually
which can be used in majority of pediatric cases.
Special considerations required for difficult situ-
ations such as persistent fetal vasculature (PFV),
preexisting posterior capsular defect, plaques,
uveitis, etc. are discussed in subsequent chapters
in detail.
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3.2  Historical Aspect

Pediatric cataract surgery developed parallel to
advances in adult cataract and vitreoretinal sur-
gery. From early to mid-twentieth century, nee-
dling was performed for treatment of pediatric
cataract. Since the technique was simple and lens
matter in children being soft, would absorb over
a few weeks’ time; technique remained popular
amongst many. During 1960s, complications due
to intense inflammatory reaction were noted and
almost all eyes developed media opacity and as
much as 20% eyes were lost [1].

Scheie popularized the aspiration procedure
where 2 mL syringe was used with 19 gauze
needle to aspirate the lens matter after making an
anterior capsular opening [2, 3]. Since posterior
capsule was left intact, visual axis opacification
was just as common as needling [3].

While adult cataract surgery progressed to
extracapsular cataract surgery and phacoemulsi-
fication, phacoaspiration and irrigation and aspi-
ration started being used for pediatric cataracts.

An important development in pediatric cata-
ract surgery came with development of automated
vitrectors. Peyman used pars plicata approach
for congenital cataracts [4]. Since posterior cap-
sule is removed, chances of visual axis opacifica-
tion are significantly reduced. This technique was
later refined where central opening was made in
the posterior capsule with limited anterior vitrec-
tomy where a peripheral rim of posterior capsule
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is left behind [5, 6]. The advantage was clear
media in most cases and it could be used in cases
with ocular co-morbidities.

With pars plana surgeries, the posterior cap-
sule was either removed completely or a nar-
row rim was left. BenEzra utilized the anterior
route (limbal) to perform posterior capsulotomy
with anterior vitrectomy [7]. BenEzra and Cohen
compared limbal and pars plana route surgery
with posterior capsulotomy and anterior vit-
rectomy with intact posterior capsule [8]. They
found visual opacification in all children with
intact capsule while both limbal and pars plana
surgery where posterior capsulotomy and ante-
rior vitrectomy was performed well.

Gimbal first described posterior capsu-
lorhexis with optic capture of intraocular lens
(IOL) for pediatric cataract [9].

IOL implantation was not a norm in pediat-
ric cataract 30 years ago. Early trials with IOL
were associated with frequent complication but
as the surgical technique was refined with advent
of bimanual automated aspiration and guillotine
vitrectomy cutters, outcomes with IOL improved
gradually. IOL implantation

3.3  Anesthesia Considerations
General anesthesia is required for ophthalmic
surgery and serial examinations especially in
young children. It is important for ophthalmolo-
gists to understand important aspects of anesthe-
sia in children although the primary care is taken
by the anesthesiologists. Optimal condition in
addition to anesthetized child is still eye in cen-
tral gaze with controlled intraocular pressure.

3.3.1 Perioperative Routine

Standard fasting/nil per oral (NPO) of 8 h for sol-
ids and 2 h for water or clear fluids before sur-
gery without risk of aspiration is required [10,
11]. Prolonged fasting especially in an infant
can cause dehydration or electrolyte balance. To

avoid this, intravenous fluids including ringer
lactate or D-5 (dextrose) can be used.

3.3.2 Anesthetic Agents

In children, induction of anesthesia can be per-
formed by inhalational or intravenous (iv) route.
In an infant or toddler, inhalational induction
is carried out after which an iv line is placed.
Sevoflurane having mild odor and minimal air-
way stimulation, is the drug of choice for children.
Anesthesia can be maintained by sevoflurane,
isoflurane, or desflurane with a mixture of the air
and/or oxygen. Induction in older children coop-
erative for iv line can be performed with propofol
which is rapidly acting. In developing countries,
ketamine may be used for anesthesia if flurane
gases are unavailable [11]. In these cases, peri-
ocular anesthesia can be used in addition to ket-
amine to reduce postoperative pain [11].

3.3.3 Muscle Relaxants

The requirement for anesthesia in ocular surgery
includes immobility of eye and stability in cen-
tral gaze. Deviation of eye has been described
under anesthesia in the past [12, 13]. Deeping of
anesthesia using additional propofol, opioids or
dexmetodomine have been reported for maintain-
ing central eye position [14—16]. Balanced anes-
thesia using muscle relaxants have been noted
to provide good condition for surgeon’s comfort
[16-18]. In a study conducted at our center, we
found balanced anesthesia with atracurium pro-
vided better surgical condition and good surgeon
satisfaction which improved with increasing dose
from 25% to 100% EDys dose [19].

3.3.4 Surgeon Coordination
with Anesthesiologist

Anticipation of approximate time duration for
surgery is helpful to anesthesiologist in dose
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titration for anesthesia. A 10-min warning is
always useful to avoid unnecessary delay in extu-
bating. Patient positioning has to be done under
supervised case so as not to displace endotra-
cheal (ETA) tubes. Anesthesiologists take care
of expected postoperative pain and nausea with
appropriate medication. In cases, more pain or
inflammation is expected; dexamethasone and/
or ibuprofen or appropriate analgesic can be
administered.

3.4 Timing of Surgery
The timing of surgery is determined by a variety
of factors including age of the patient, laterality,
and density of cataract. The ideal time to perform
cataract surgery is when optimal visual outcome
can be achieved with minimum risk of complica-
tions. Delay in surgery increases risk of stimu-
lus deprivation amblyopia while early surgery
is associated with higher risks of complications.
There is evidence that risk of glaucoma reduces
if cataract surgery is performed at older age [20,
21]. In addition, there is greater risk of anesthesia-
related complications in younger children.
Visual outcome has been observed to be better
in surgery at earlier age especially in cases of uni-
lateral cataract [22, 23]. Birch et al. [22] identi-
fied a 6 week latent period for unilateral cataract,
where there was no difference in visual outcome
in this period. We have identified the ideal time
for surgery in unilateral and bilateral cataract to
be 6 weeks and 8 weeks, respectively [24]. In
case of bilateral cataract, we prefer to perform
sequential surgery within a week’s time [24].

3.5 Stepwise Surgical Technique

The technique of surgery is ever evolving. The
surgical steps are refined over time. Newer
modalities are introduced and over time, replace
the older modalities. We would like to emphasis

the importance of surgical technique over tech-
nology. Good visual outcomes can be achieved
by following standard surgical techniques and
meticulous postoperative care.

3.6 Head Positioning

In adult cataract, topical anesthesia is used for
most patients as they are cooperative for the pro-
cedure. Head and eye position can be adjusted
before and during surgery. The same does not
hold true for children. Pediatric cases require
proper head positioning before beginning the sur-
gery to ensure good exposure and comfort, as the
child is under general anesthesia. Flexible LMA
is generally used to enable adjustment of head
position. We should not change the head position
without the support of anesthesiologist.

Head ring of correct size can be used accord-
ing to the age along with shoulder support. Size
of the speculum in relation to palpebral aperture
has to be taken intoconsideration (Fig. 3.1a—c).
Correct size of the speculum aids in proper expo-
sure and avoiding difficulty in instrumentation.

3.7 Incision Construction

3.7.1 Paracentesis

One or two paracentesis wound are constructed
in uniplanar fashion (stab incision) at the limbus.
We prefer two incisions almost 180° apart as we
perform bimanual surgery in most cases. Micro-
vitreoretinal (MVR) blade of 0.9 mm (20 gauze)
is used. Twenty or 21 gauze bimanual irrigation
and aspiration cannula can be used via these inci-
sions to aspirate 360° of the cortex while avoid-
ing leak from the incisions. Ideally 20 gauze
vitrector cannula with irrigation should be used
although 23 gauze vitrector also works well with
minimal or no leakage. We should match the size
the instrument with the size of the port.
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Fig. 3.1 (a) Ideal Head position after intubation with head ring and shoulder roll for appropriate exposure. (b) Various
sizes of head rings. (¢) Various size of eyelid speculum

3.7.2 Main Wound Construction

We prefer limbal incision to scleral tunnel in
most cases of pediatric cataract. It is a personal
choice based on surgeon comfort and both inci-
sions work equally well in children. We construct
a 2.2 or 2.8 mm biplanar limbal incision if IOL
implantation is planned. It can be constructed
at the time of capsulorhexis if utrata forceps is
used. If microincision forceps is used, it can be
constructed at the time of IOL implantation. We
make two paracentesis nasal and temporal; and
construct superior 2.2 mm/2.8 mm wound.

3.7.3 Considerations for Wound
Construction

*  Wound construction technique: Both scleral or
corneal (limbal) tunnel are considered suitable
for pediatric cataract surgery. Both have
advantages and disadvantages. Limbal inci-
sion is quick, avascular, associated with less
inflammation, cosmetically better and con-

junctiva is left undisturbed for future glau-
coma surgery if at all required [25, 26]. Scleral
incision heals faster, is self-sealing and gener-
ally does not require suturing.

Surgically induced astigmatism (SIA): It has
widely accepted that for larger incision 5.5 or
6 mm size, scleral tunnel causes lesser SIA as
compared to corneal incisions. Larger inci-
sions are made when rigid IOLs are
implanted. In most cases, foldable IOLs are
implanted. For these incisions, SIA has been
reported to be similar in scleral and limbal
incisions [27].

Site: Superior incisions are preferred in chil-
dren as they are protected by the brow as well
as the bell’s phenomena. Children are more
prone to trauma; hence temporal incisions are
avoided.

Size: Size depends on the IOL used. For fold-
able IOLs, 2.2 or 2.75 mm incision can be
made depending on the IOL cartridge and sur-
geon’s preference. Standard surgical keratome
blades are available in these sizes, which can
be used for construction of incision. For rigid
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IOLs, 5.5 or 6 mm incision is required. A cres-
cent knife is required in these cases for scleral
tunnel construction.

e Astigmatism: In older children, incisions can
be placed at the steep axis to cause flatten-
ing and reduce astigmatism [28]. However, in
smaller children who are not cooperative kera-
tometry can be difficult especially the accuracy
of axis [29]. In addition, corneal astigmatism
changes with age in children. These factors
make reducing astigmatism difficult. Most
surgeons prefer superior surgical incision irre-
spective of the steeper meridian

3.7.4 Pars PlanaPort

We perform surgery from anterior route in most
cases of congenital cataract. Nevertheless, it
is important to learn construction of pars plana
ports for all pediatric cataract surgeons as it may
be required for primary surgery or management
of visual axis opacification. It is considered as
a rule of thumb, that port is made 4 mm from
limbus in children older than 4 years. In younger
children, distance from limbus is followed as
given in Table 3.1 [30].

Ports can be made using 23 gauge trocar sys-
tem. Since scleral rigidity in children is very low,
care has to be taken at the time of port construc-
tion. Oblique placement of trocars may not be
possible due to thin sclera. Trocar has to enter
parallel to the visual axis to avoid trauma to lens
or posterior capsule. Before entry, wounds have
to be sutured and anterior chamber has to be well
formed. After completion of anterior vitrectomy,
port should be sutured with absorbable suture.
Leaving port sutureless may increase risk of
infection.

Table 3.1 Recommendation of scleral entry from the
limbus [30]

Age in months | <3 6-12 | 12-24 |>24
Distance inmm | 1.5 |2 2.5 3 3.5

3.7.5 Suturing

Main incision should be sutured with absorbable
or nonabsorbable sutures. The survey conducted
by Wilson et al. showed that only 3% of surgeons
in AAPOS and 20% in ASCRS left all wounds
sutureless. The advantage of suturing the main
wound is prevention of possible leak, which may
reduce risk of infection. Children may rub their
eyes and suturing can prevent wound leak in such
situation. Paracentesis wound may be hydrated or
sutured. If there is a suspicion of leak after hydra-
tion, wounds should be sutured.

Choice of absorbable and nonabsorbable suture
needs various factors to be taken into consider-
ation. Absorbable sutures may incite inflammation
and suture granuloma formation. Non absorbable
suture such as 10-0 nylon monofilament have excel-
lent tensile strength and elasticity but it requires
examination under anesthesia (EUA) for removal
at 6 weeks. Since in most children, EUA is required
at that time for change in prescription of glasses,
intraocular pressure (IOP) measurement AND
assessment of visual axis; suture can be removed
at this time. Advantage of absorbable suture such
as 10-0 vicryl is that there is no need for removal.
If not removed, nylon sutures may be associated
vascularization. Bar Sela et al. compared vicryl
to mersilene sutures with no suture removal and
found vicryl to be associated with no complica-
tions [31]. One patient with mersilene suture devel-
oped endophthalmitis after suture removal. Matalia
et al. compared 10-0 vicryl and 10-0 nylon sutures
in pediatric cataract surgery [32]. They found less
chances of vascularization, loosening and need for
suture removal with vicryl suture. With time, there
has been gradual shift toward absorbable sutures.

3.8  Ophthalmic Visco Surgical

Device (OVD)

OVD are used to maintain anterior chamber,
perform anterior capsulorhexis, posterior capsu-
lorhexis and IOL insertion. There is large range
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Table 3.2 Commonly used OVD with their properties.
MW molecular weight, Da Dalton, V,, zero sheer viscocity,
mPs milli-Pascal seconds, M million, K thousand, NaHa
sodium hyaluronate, CDS chondroitin sulfate

MW Vo

OVD Contents (Da) (mPs) | Type
Healon | 1% NaHa [4.0M 230 K | Visco-

cohesive
Healon |1.4% 5.0 M 2.0M | Visco-
GV NaHa cohesive
Viscoat |3% NaHa, 500K, |50K Visco-

4% CDS |25K dispersive

Healon |2.3% 4.0M 7.0 M | Visco-
5 NaHa adaptive

of OVDs available which differ in their molecu-
lar weight and viscocity (Table 3.2). Anterior
capsule in children is highly elastic and heavier
visco-cohesive OVD such as Healon GV (AMO)
can be used to flatten the capsule and can aid
in the capsulorhexis by pressure equalization.
Visco-adaptive OVDs such as Healon 5 which
have both dispersive and cohesive property can
be used in cases with small pupil to maintain
dilatation [33]. For posterior capsulorhexis,
OVD is required in anterior chamber only. After
IOL implantation, visco-cohesive OVDs can be
removed easily and quickly. If visco-dispersive
OVD is used to coat endothelium or prevent vit-
reous prolapse, longer time is required for visco
aspiration.

3.9 Anterior Capsule
Management
3.9.1 Properties of Anterior Capsule

Anterior capsule differs in pediatric age group as
compared to adults. It is thinnest at birth (about
4 mm) and keeps increasing in thickness both at
equator and centrally throughout life till 75 years
of age [34, 35]. Anterior capsule is highly elastic
and its extensibility decreases by 0.5% per year
(108-40%) [34]. There is progressive decrease
in tensile strength with age as well [34]. Due to
these anatomical factors much more sheering
force is required to create capsulorhexis.

3.9.2 Manual Anterior Continuous
Curvilinear Capsulorhexis
(ACCQ)

ACCC is considered the standard of care in adult
cataract surgery since its development in 1990
[36]. However, it is much more difficult in chil-
dren. Once completed, ACCC has minimal or
no risk of tearing or extension during surgery.
The sclera is less rigid and there may be added
upthurst of well-formed vitreous. It is important
to utilize the understanding of anatomy while
performing ACCC.

Anterior capsular staining is required in
cases of total cataract or where glow is absent.
Trypan blue dye used for staining has an addi-
tional advantage of reducing capsular elasticity
and hence can be used to an advantage especially
in younger children [37]. Anterior chamber is
filled with heavy visco-cohesive OVD for flat-
tening of anterior capsule. This will reduce the
chances of rhexis run off. We should aim for a
0.5 to 1 mm smaller size of capsulorhexis as at
completion it is usually larger than it appears dur-
ing the process. The nick requires greater force in
children. After nick is given, utrata’s forceps or
microincision capsulorhexis forceps can be used
to hold the edge of the rhexis. Frequent regrasps
are required and aim should be to pull the rhexis
toward the center rather than in circular fashion
[5, 6] (Fig. 3.2). This will avoid inadvertent tear-
ing or enlargement of rhexis. A callisto assist tool
may be used to access the size of capsulorhexis
(Fig. 3.3a—). The instruments used for capsu-
lorhexis are shown in (Fig. 3.3d—f) Alternately,
there are multiple size guides available on the
surface or intraocular. A well-centered circular
ACCC is important for centration of IOL and
prevention of posterior capsular opacification
(PCO).

3.9.3 Vitrectorhexis

In certain cases where manual capsulorhexis is
not possible, a vitrectorhexis can be planned.
Management of special cases such capsular
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Fig. 3.2 Steps of anterior capsulorhexis (a, b) After nick
of capsule, sheering edge of the capsulorhexis is held with
capsulorhexis forceps with frequent regrasp. (c)

plaques, persistent fetal vasculature (PFV),
microphthalmos, etc. are discussed in respective
chapters. Vitrectomy cutter can be used in Cut [A
mode even in an uncomplicated pediatric cataract
surgery. After intial cut with the cutter upside
down, central opening is made in a spiral fashion.
It is easier compared to the manual ACCC. The
margin regularity and strength is inferior to man-
ual ACCC which remains the gold standard for
children.

Various other methods including use of dia-
thermy, fugo blade, femtosecond laser, etc. for

Capsulorhexis is completed in circular fashion. (d)
Relative size and centration in relation to limbus using
capsulorhexis assist of Zeiss Lumera 700 microscope

creation of capsulorhexis are also available and
can be selected for specific cases [38—43].

3.10 Hydrodissection

Multiple quadrant cortical cleaving gentle
hydrodissection is recommended for pediatric
cataracts [24, 44]. It should be performed under
OVD as it provides better cleavage of the cortex
from capsule. The fluid wave passes more easily
under OVD. It should be avoided in cases of pre-
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Fig. 3.3 Anterior capsulorhexis using capsulorhexis
assist of Zeiss Lumera 700 microscope. (a) Nick is given
to anterior capsule. (b) Nick is extended to 1 mm short of
intented rhexis size and wound is extended. (c)

existing posterior capsular defect, posterior polar
cataract or traumatic cataract with suspected
posterior capsular opening. Good hydrodissec-
tion reduces surgical durations, ensures complete
removal of lens matter and reduced PCO forma-
tion. Caution is recommended if anterior capsu-
lotomy has irregularities or small tear as it may
get extended.

Capsulorhexis is completed using Utrata capsulorhexis
forceps. (d) Utrata capsulorhexis forceps. (e) Intravitreal
forceps which can be used in place of microincision cap-
sulorhexis forceps

3.11 Lens Aspiration

3.11.1 Bimanual Technique

Bimanual technique uses two separate probes for
irrigation and aspiration (Fig. 3.4). It is a quick
and effective technique. The probes can be used
via paracentesis incisions and do not require a
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Fig.3.4 (a) Bimanual Irrigation and aspiration instrument. (b) Intraoperative picture of bimanual Irrigation and aspira-

tion in total cataract

large opening. The chamber remains more stable
throughout surgery. Irrigation should be started
before entry in the anterior chamber. Complete
removal of lens matter can be performed includ-
ing the difficult sub-incisional lens matter by
using both hands for aspiration alternately.
Irrigation probe can also be used for maintain
centration of the eye if immobilization effect of
anesthesia is insufficient.

3.11.2 Coaxial Techniques

If bimanual probes are unavailable, coaxial tech-
nique can also be used. There may be some dis-
comfort in sub-incisional cortical matter removal;
good hydro dissection and central adequate size
capsulorhexis can provide ease with that. The
aspiration tip should be under surgeon’s visual-
ization to avoid inadvertent damage to posterior
capsule. The advantage is that thorough capsular
polish can be performed with coaxial probe.

3.11.3 Vitrectomy Cutter

Vitrectomy cutter can be used for bimanual irri-
gation and aspiration in IA Cut mode (Low cut
rate and high vacuum) of the vitrectomy system.
It can be used in special cases such as microph-
thalmos, pre-existing posterior capsular defect,
etc. where multiple instrumentation should be
avoided.

3.12 Posterior Capsulorhexis
3.12.1 Rationale

The aim of pediatric cataract surgery is to not
just provide clear visual axis but also maintain it
for as long as possible. Visual axis opacification
(VAO) is very common in young children if pos-
terior capsule is left intact. The factors involved
are discussed in detail in the respective chapter.
Posterior capsulorhexis with or without anterior
vitrectomy has been used for reduce VAO forma-
tion since 1980s [45]. This has been advocated
over and again and is now considered standard
of care for pediatric cataract surgery [46—49]. We
recommend posterior capsulorhexis in children
upto 8 years of age and anterior vitrectomy in
children upto 6 years of age [24, 50]. This limit
can be extended further in mentally challenged
children or those with nystagmus.

3.12.2 Manual Posterior
Capsulorhexis (PCC)

Posterior capsule is thinner than the anterior cap-
sule. It is more elastic in children compared to
adults. Like ACCC, manual PCC has strong mar-
gins and is unlikely to extend or tear off easily. It
can support IOL well.

The technique PCC is different than ACCC
in pediatric cataract (Fig. 3.5). Anterior capsule
is filled with heavy visco-cohesive OVD. OVD
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Fig. 3.5 Tricks for anterior and posterior capsulorhexis
(a) Sketch diagram showing lens and its capsule before
capsulorhexis (b) Anterior chamber showing flattening of
anterior lens capsule after insertion of OVD (ophthalmic
viscosurgical device) for anterior capsulorhexis. (¢) For
posterior capsulorhexis, OVD, if filled inside the capsular

is not injected in the bag. By avoiding OVD in
the bag, a convexity of posterior capsule can be
retained due to vitreous thrust. Capsule becomes
lax and easy to manipulate. Similar to ACCC,
nick is given in the center of the capsule. Since
posterior capsule is farther away than anterior
capsule, a longer and thinner instrument may be
preferred. PCC is performed from the nick in a
circular fashion with frequent regrasps (Fig. 3.6).
For PCC, forceps can be sheering in a circular
manner rather than toward the center only. Size
for PCC should be around 4-4.5 mm, 1 mm
smaller than ACCC. To achieve this, 1 mm small
PCC should be aimed at, as the capsule is lax
and after anterior vitrectomy it falls back and
stretches; thus increasing in size.

3.12.3 Posterior Capsulotomy
with Cutter

In cases where manual PCC is not possible such
as in case of plaques or is not under surgeon’s

Xd

v~

bag would lead to bulging of posterior capsule (PC),
which may lead to run out of posterior capsulorhexis. (d)
For posterior capsulorhexis, OVD should be filled in ante-
rior chamber only, to avoid bulging of posterior capsule
(PC). A flat PC maintained by just adequate vitreous pres-
sure is desirable for good posterior capsulorhexis

expertise, posterior capsulotomy of adequate size
can be performed with vitrectomy cutter. Like
ACCC, the disadvantage is irregular margins
which may extend while IOL insertion.

3.12.4 Posterior Capsulotomy After
IOL Insertion

Many surgeons prefer posterior capsulotomy
using pars plana port after IOL insertion with
adequate wound closure. IOL implantation
becomes easy with intact capsule. Adequate
size opening can be created in children with-
out fear of extension as IOL serves as a guide
for sizing. This is one of the most commonly
employed techniques for surgery. We prefer
manual PCC for it greater strength and regu-
larity. The advantage of posterior capsulotomy
after IOL insertion is that a bigger opening can
be created. In our experience, manual PCC is
just as easy and size can be controlled without
additional effort.
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Fig.3.6 Posterior capsulorhexis. (a) Anterior chamber is formed with viscoelastic devices. (b) Nick is given to anterior
capsule. (¢) Capsulorhexis started using microincision forceps. (d) Capsulorhexis is completed

3.13 Anterior Vitrectomy

3.13.1 Rationale

Anterior vitrectomy should be performed in
smaller children to remove scaffold for prolif-
eration of epithelial cells. This reduces VAO
formation.

3.13.2 Machine Settings

Automate guillotine vitrectomy cutters are used
currently for limited anterior vitrectomy. Based

on the machine, cut rate and settings may vary.
Current vitrectomy systems have better control
and high cut rate. Vitrectomy can be performed
using same machine as that for lens aspiration
like centurion or separate machine like constel-
lation. There are two mode of vitrectomy in a
standard machine such as centurion (Fig. 3.7).
Cut IA mode where cut rate is high (4000 cpm)
and vacuum is kept low. It is meant for cutting
tissues followed by aspiration such as vitreous,
capsule etc. This does not cause any traction.
Other mode is IA Cut mode, where cut rate is
low (100-400 cpm) and vacuum and aspira-
tion rate is high. It is meant for aspiration of
tissue such as lens matter followed by cutting
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Fig. 3.7 Setting for vitrectomy machine (Centurion system @ Alcon). (a) For anterior vitrectomy, use high cut rate and
low vacuum. (b) For lens matter or viscoelastic removal keep low cut rate and more vacuum

if required. It can cause vitreous traction hence
used for lens aspiration but not anterior vitrec-
tomy (Fig. 3.8).

3.13.3 Technique

After performing PCC, localized anterior vitrec-
tomy can be performed. Vitreous is well formed
in children and the purpose of vitrectomy is to
remove the scaffold for VAO formation. This
allows surgeons to perform vitrectomy in the
area of visualization. Vitrectomy should be per-
formed not just in the center but also under the
margins of posterior capsulotomy. This can be
achieved by turning the cutter opening down-
wards away from capsular edge and 360° vit-
rectomy under margin can be performed. A
bimanual technique can be used and hands can
be switched in between to ensure complete lim-
ited anterior vitrectomy. There is no need to dip
the probe deep and 2 cm depth of vitrectomy
below capsule is generally sufficient. At the end
point, posterior capsule should be free and open-
ing should be circular with no tenting or peaking
of capsule. Triamcinolone can be used as a nega-
tive stain to visualize residual vitreous [51].

3.14 IOL Insertion

3.14.1 Indication

There has been controversy related to IOL implan-
tation especially in younger children <2 years of
age. Infant aphakia treatment study (IATS) was
a multicentric trial which compared IOL with
contact lens in unilateral cataract patients. They
reported similar visual outcome but greater com-
plications in IOL group [52]. IOL implantation
has been reported to be associated with greater
risk of glaucoma in pediatric patients [53, 54].

With time, there has been a gradual shift
toward use of IOL in pediatric cataracts [55]. The
ToLunder2 Cohort Study was a non-randomized
study for unilateral and bilateral cataract. It found
better visual acuity in primary IOL group in bilat-
eral cataracts although complications were more
frequent [56]. Negalur et al. found encouraging
results with primary IOL implantation in chil-
dren under 6 months of age with good safety
[57]. We recommend judicious decision mak-
ing for IOL implantation in both unilateral and
bilateral cataracts. IOL can be implanted in eyes
with AL > 17 mm and white to white distance
>10 mm [24].
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Fig. 3.8 Safe technique of IOL insertion in bag with pos-
terior capsule opening. (a) Tip of IOL cartridge is inserted
in anterior chamber via slightly larger incision. (b)
Leading haptic of the IOL is gently inserted in the bag

3.14.2 IOL Type

Most surgeons prefer hydrophobic acrylic IOL
for children as well as adult [58]. A survey of
AAPOS members showed that 93% respon-
dents preferred in-the-bag fixation, hydrophobic
acrylic IOLs [59]. In developing countries, there
may be cost concerns related to IOL. Pediatric
ophthalmologists have reported fair outcomes
with hydrophilic IOL as well [60].

against the bag surface of the anterior capsule. (¢) Allow
IOL to open. (d) Final position of IOL after tucking trail-
ing haptic

3.14.3 Technique

Insertion of IOL is challenging in cases of open
posterior capsule. We have described a safe tech-
nique of IOL injection in pediatric cases [61].
Incision slightly larger than the size of injec-
tor system is made. In this technique, instead
of wound assisted IOL injection, we prefer IOL
injection where cartridge is in the anterior cham-
ber. In a properly loaded IOL, both haptics are
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folded on the top of the lens. IOL is gently injected
in the anterior chamber such that the folded lead-
ing haptic opens just under the anterior capsule.
Once the leading haptic is secure in the bag, trail-
ing haptic is gentle tucked in the bag using IOL
dialer or sinsky’s hook (Fig. 3.8). IOL should not
be dialed vigorously instead the trailing haptic is
nudge under the anterior capsule. Throughout this
technique, there is no excess force on the poste-
rior capsule. In-the-bag IOL implantation is the
most preferred technique in children.

Alternately, technique of optic capture [62]
can be used in pediatric cataract. This has been
used to reduce the incidence of VAO formation
[63, 64]. Multipiece IOL is used for optic cap-
ture technique. Optic capture (OC) includes fixa-
tion of IOL with capsulorhexis margin, hence it
can with IOL in sulcus and capture with anterior
capsule, OC with IOL in bag and capture with
anterior capsule (reverse capture) or posterior
capsule or most preferred technique where IOL is
captured with both anterior and posterior capsule.
When capture with both capsules is performed,
they fuse together and prevent migration of cells
behind IOL and hence prevent PCO formation
[64]. It is simple technique and can be used in
cases where anterior or posterior capsule is not
intact.

3.15 Conclusion

To summarize, cataract surgery in children poses
greater surgical challenge as compared to adults
due to difference in anatomy and higher risk of
complications. Special considerations and metic-
ulous surgical technique for primary surgery can
helps in achieving optimal outcome.
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Bag in the Lens

Marie-José Tassignon and Luc Van Os

Cataract surgery in adults is one of the most per-
formed surgical procedures worldwide with a
success rate of around 75% to 85% in achieving
target refraction using a standard cataract surgi-
cal technique, which varies very little form case
to case. In contrast, cataract surgery in babies and
children requests a case per case approach.
Different ocular or systemic parameters may
influence the surgical procedure and ultimately
the surgical outcome. Axial length and corneal
curvature in children under the age of two have
not yet reached final biometrical measures to
allow a routine surgery or to implant a precise
power of the Intra Ocular Lens (IOL) that will
guarantee emmetropia at adulthood. An easily
changeable IOL should therefore be preferred.
At the department of the University hospital of
Antwerp, a novel surgical approach was devel-
oped to compensate for these drawbacks and
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allow surgical procedures with intraocular IOL
implantation without anterior vitrectomy (except
in special cases) in babies and children under the
age of two and that is easily exchangeable. This
technique is known as the Tassignon method or
even better known as the Bag-In-the-Lens (BIL)
surgical technique of lens implantation [1]. It is
based on the insertion of the capsular bag, after
performing an anterior and posterior capsu-
lorhexis, within a peripheral groove defined by
the anterior and posterior elliptic shaped haptic
flanges confined around the central optic. Based
on this particular implantation method, the name
of bag-in-the-lens was given to this IOL.

The reputation of this IOL being difficult to
implant is based on the fact that the BIL requires
a more precise surgical technique since both the
anterior and posterior capsulorhexes must be
alike in shape and size in order to prohibit the
remaining lens epithelial cells to proliferate
toward the visual axis as it is described after
Lens-In-the-Bag implantation technique. This
more complex surgery will finally result in a bet-
ter outcome at the long term.

To encompass this exercise, a foldable caliper
ring of a precise diameter was developed and pat-
ented [2]. This is the smallest intraocoular device
available on the market allowing a sized and cen-
tered anterior capsulorhexis. It can be inserted
through a 1.2 mm clear cornea incision. This is
particularly interesting in case of cataract in chil-
dren. We all agree that keeping the anterior seg-
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ment closed is preferred by all surgeons not only
to reduce surgical induced astigmatism but also
to avoid iris prolapse and to keep the pressure in
the anterior segment balanced with the pressure
of the posterior segment. Only Femtosecond
laser can perform a sized anterior and posterior
capsulorhexis prior to performing a corneal inci-
sion. Centration in the visual axis is not yet guar-
anteed in most of currently available machines.

The BIL-IOL was patented in 1997 and
licensed to Morcher, Germany. The aim of this
new device is to eradicate Posterior Capsule
Opacification (PCO). It was approved by the
Belgian Government in 2004. The clinical trial
following the 2006 ISO normation for IOLs was
published in 2011 [3]. The BIL was further affined
with the aim of using this IOL in more complex
cases like in cases with corneal astigmatism [4]
but also in more difficult cases like in sub-luxated
crystalline lenses, traumatic cases with torn cap-
sules or eyes with extreme biometrical parame-
ters. Bean shaped ring fixation segments have
been developed for the purpose of BIL IOL cen-
tration in complex cases with loose zonules [5, 6].
The adult shape of BIL has a total diameter of
7.5 mm and an optic of 5 mm. The reason for this
choice was dictated by the knowledge of the retro-
lenticular space (Berger space) diameter which in
adults is typically 8 mm in width.

When starting the BIL in babies in the year
2000, we were convinced that a BIL of smaller
diameter would have be superior for the purpose
of implantation in children with small eyes as we
expected smaller retrolenticular spaces. With
increased expertise and the added value of the
intraoperative OCT [7] we were able to evaluate
the variations in dimensions of the retrolenticular
space. We described a new entity of congenital
cataract based on dysgenesis of the vitreo-
lenticular anterior interface [8]. This study
evolved in a better understanding of what can go
wrong due to underdevelopment of the vitreous
during embryological development of the eye.

Our aim is to equip most eyes with a BIL-IOL
and to optimally respect the existing anatomy of
the eye and the compartmentation between ante-
rior and posterior segment of the eye.

This chapter will discuss three different clini-
cal conditions of congenital cataract.

e CASE 1 shows a BIL procedure and the
implantation in an 18-month-old child with
Down syndrome presenting with a develop-
mental cataract.

e CASE 2 shows a BIL procedure in an anterior
subcapsular plaque in a 11 months old child
without any predisposing factors for congeni-
tal or syndromal cataract.

e CASE 3 shows the viscodissection of the ante-
rior hyaloid from the posterior capsule until
the ligament of Wieger is reached.

4.1 Case 1

We perform currently a clinical trial for the use of
Mydrane (Théa Pharma-France) to dilate the
pupil of the babies and children on the operating
table. This off-label, study-based, approach
avoids ocular manipulation of the patient prior to
the narcosis. Dilation is often quick and optimal
except in patients with iris pathologies (e.g., syn-
aechiae or neurotrophic iris). The benefit of this
drug is multiple. Most important is that the child
cannot crying out the dilation drops anymore and
is more relaxed when entering the surgical facili-
ties in the parent’s arms.

A 1 mm corneal incision is performed while
avoiding small vessels to bleed (systemic absorp-
tion of the drug!) prior to injecting very slowly
0.12 mL. Mydrane. Dispersive heavy molecular
weight Healon (Johnson & Johnson Vision—
USA) is then injected to further sustain pupil
dilation and counteract vitreous pressure. The
caliper ring (Morcher—Germany 4.5 internal
mm) is injected using a dedicated caliper guide
manufactured by  EyeTech-UK  Fr2268.
Centration of the ring is based on first and fourth
Purkinje reflexes. The ring is then firmly pushed
in contact with the anterior capsule by means of a
heavy weight cohesive OVD and a final centra-
tion control is made by means of a self-made eye
cage (EyeTech-UK LCD305B). The outer rim of
this cage is centered on the limbus so that the
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inner ring will guide the surgeon to adapt once
more the final centration of the ring caliper. The
younger the child the more elastic the capsule
will be. We therefore prefer to puncture the ante-
rior capsule with a 27G needle before initiating
the anterior capsulorhexis with the capsulorhexis
Ikeda forceps (EyeTech Fr2268). The anterior
capsulorhexis is a crucial step in the BIL tech-
nique and should be performed slowly but accu-
rately by the surgeon. This step is essential since
the posterior capsulorhexis will be performed by
using the anterior capsulorhexis as a guide.

Depending on the patient age or eye condition,
the lens content will be removed with a bimanual
method or using a coaxial aspiration-irrigation
probe. In our particular case, a bimanual
irrigation-aspiration of the lens content is used.

Once the lens content is completely removed
the anterior chamber is filled again with high
molecular weight cohesive OVD taking care that
the capsular bag is absolutely not inflated but on
the contrary that both anterior and posterior cap-
sule remain closely collapsed against each other
and pushed back until both capsules have reached
a horizontal position. This position is ideal to per-
form the posterior capsulorhexis after having
punctured the posterior capsule by means of a
27G needle.

All these maneuvers can now be observed by
means of the OCT of the Lumera microscope
(Zeiss-Germany). It is well visible on OCT how
closely the anterior hyaloid is located to the pos-
terior capsule in eyes of children or babies with
normal crystalline anatomy. The space defined
within the area of the posterior capsule and the
anterior hyaloid and surrounded by the ligament
of Wieger, is quasi virtual in children and babies.
In case of dysgenesis of that space a posterior
plaque will be present. This was obviously not
the case in this particular child. We thus can con-
clude that the anterior interface in this child is
intact and follows the expectation of a mature ter-
tiary vitreous development.

Once the posterior capsulorhexis is performed,
we usually separate the anterior hyaloid even fur-
ther to ensure a proper bag-in-the-lens implanta-
tion with a total diameter of 7.5 mm.

This video (Video 4.1) illustrates very well
that we did not pay enough attention to optimize
the sizing of the Berger space. The BIL can still
be properly inserted but we had to try and retry
again before total insertion of the capsule within
the lens groove was achieved. We therefore use
ever since a bimanual push-pull technique of the
capsulorhexis opening taking care that we dilate
this opening widely by reducing the width of the
Wieger ligament until we are sure the posterior
haptic can take full position within the Berger’s
area.

Once the BIL is implanted, the lens can even-
tually be rotated within the rhexis opening to
assure the optimal position of the lens (not shown
in this video).

We then reclose the pupil with diluted Miostat
(Alcon) in the dilution: 0.5 cc Miostat: 2 mL with
BSS.

All incisions are carefully closed with vicryl
10/0 for children older than 2 years or by Nylon
10/0 in younger children.

The incisions are then inflated with Aprokam
0.1 mL (Théa Pharma-France) to close the case.

4.2 Casell

This case presents the difficult task to perform a
sized and centered anterior capsulorhexis in the
presence of a retro-capsular plaque.

Corneal incision, insertion of the 4.5 internal
diameter ring caliper are identical to CASE I. We
used vision blue to enhance the visibility of the
anterior capsule. This case shows beautifully that
the anterior capsule is totally independent of the
subcapsular plaque, which is an excellent condi-
tion to perform a precise anterior capsulorhexis.

The lens content and the plaque are then
removed by means of a bimanual irrigation-
aspiration technique.

Here again both capsules are kept collapsed
and pushed back by means of high molecular
weight cohesive OVD until they achieved a hori-
zontal position.

To visualize the anterior hyaloid separation of
the posterior capsule from the anterior hyaloid
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using the OCT, we now face the problem that the
reflection of the cornea prohibits the visualization
of the anterior interface. This is due to the very
small anterior chamber depth.

The use of the OCT in childhood cataract
using the Lumera has some limitations as in case
of small anterior chamber depth and movements
of the eye with the child breathing because of the
intubation.

The posterior capsulorhexis is further per-
formed as explained in CASE L.

In this video (Video 4.2) we show an alterna-
tive technique to ensure proper capsules insertion
within the lens groove. We called this the biman-
ual implantation technique, which is done by
positioning the BIL on top of the remaining cap-
sule but with the longest axis of the posterior hap-
tic in the surgeon’s 6-12 o’clock position. The
insertion of the posterior haptic is then initiated
by first inserting both capsules at the surgeon’s 6
o’clock position in the lens groove followed by
little pushing maneuvers until half of the capsule
rim is inserted. Then the left hand holds a blunt
instrument, which is positioned between both
IOL haptics while the right hand keeps a lens
positioner in such way that this ball shaped hook
is glided behind the posterior lens haptic. The
hook retracts then both capsules and helps their
positioning into the BIL groove.

The case is ended by constricting the pupil
with Miostat dilution as explained in CASE 1,
followed by cleaning the OVD out of the anterior
chamber, suturing the corneal incisions and
hydrating the incisions with Aprokam as
explained in CASE L.

4.3 Caselll

This case shows an OCT clip of a 2-year-old
child demonstrating the progressive viscodissec-
tion of the anterior hyaloid from the posterior
capsule until the ligament of Wieger is reached.
Further insisting to fill the Berger space with
OVD might result in blowing up the puncture
performed in the posterior capsule to initiate the
posterior capsulorhexis.

4.4 In Conclusion
Increasing the precision of the surgical procedure
and using the BIL technique of implantation,
allowed us to discover quite some interesting
details about the anatomy of the anterior interface
in children. Still more is to be described by using
this technique in more cases around the world.
The beauty of this technique is that it not only
controls PCO but it also reduces secondary surgi-
cal procedures [9], it is easy to exchange and it
helped us to discover a new cause for congenital
cataract due to anterior interface dysgenesis.
Other centers are studying the benefit of this
technique like less inflammation [10] and less
postoperative instillation of corticosteroid
drugs. Our postoperative regimen consists of 4
instillations daily up to a maximum of 6 times
per day during the first postoperative week to
be tapered down over the following 4 weeks.
This can undeniably be considered a child and
parent friendly postoperative treatment. More
information about the bag-in-the-lens implanta-
tion technique can be found in the book pub-
lished in 2019 by Springer Nature in the series
Innovative Implantation Technique: Bag-in-
the-lens Cataract Surgery [11].
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Secondary IOL in Congenital
Cataract Surgery

M. Edward Wilson and Rupal H. Trivedi

5.1 Introduction

Primary intraocular lens (IOL) implantation can
be done at any age, including early infancy.
However, in the first 6 months of age, the pre-
ferred approach is to leave the child aphakic and
implant an IOL at a later date when the child is
older and the remaining refractive growth is eas-
ier to predict. There is a higher incidence of reop-
erations for visual axis opacification when IOLs
are implanted in the first 6 months of life com-
pared to leaving the child aphakic [1]. These
results have resulted in more children being left
aphakic when operated in infancy. Most of these
children will eventually undergo secondary IOL
implantation. For the initial aphakia after infan-
tile cataract surgery, timely refractive correction
is necessary to preserve monocular vision and
binocularity and to protect against stimulus
deprivational amblyopia. Conservative manage-
ment may include correction with glasses or con-
tact lenses, although these measures are not
possible for all children. Aphakic spectacles are
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an option for bilateral aphakic children but often
undesirable for social and optical reasons.

5.2  General Considerations
Secondary implantation of an IOL is generally
recommended when traditional spectacle or con-
tact lens correction of aphakia is unsuccessful or
becomes a barrier to the child’s development and
activities of daily living. If sufficient capsular
support for capsular bag or ciliary sulcus fixation
is present, we offer secondary IOL implantation
soon after we notice contact lens/spectacle wear
becomes difficult or fails.

5.3 IOL Fixation Sites

Most commonly, secondary IOL implantation in
our patients is performed between the ages of 4
and 6 years, a period when contact lens compli-
ance can be difficult to maintain and yet there is
still hope to reverse amblyopia. Due to rela-
tively slower growth of eye after this age, IOL
power calculation is also more predictable. We
use SilSoft contact lens or aphakic glasses to
treat aphakia prior to secondary IOL placement.
SilSoft contact lenses are well tolerated in very
young children but the material is less well tol-
erated as children get older. The silicone contact
lenses develop more deposits and the lens coat-
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ing breaks down more quickly when worn in
older children. Rather than change to a non-sili-
cone contact lens material, some parents will
opt to have a secondary IOL implanted at that
point.

If capsular support is not available, every
effort to correct aphakia using spectacles or con-
tact lens should be exhausted before deciding on
secondary IOL implantation. Risk must be mini-
mized but amblyopia must not be left untreated
or undertreated. Nowhere is that balance more
difficult than when there is inadequate capsular
support in the face of contact lens and aphakic
spectacle intolerance.

The technical success of secondary implanta-
tion depends mainly on how much capsular sup-
port was left behind at the time of primary
cataract surgery. Ultrasound biomicroscopy
(UBM) may help to detect residual capsular sup-
port and image the ciliary sulcus when viewing it
directly is difficult. Three hundred sixty degree
visibility of the fused edge of the posterior and
anterior capsulectomy from the previous surgery
increases the chances of achieving successful
posterior segment implantation of an IOL. In the
office, if the posterior capsule is not initially vis-
ible at the slit lamp, having the patient look in
extremes of gaze while maintaining the slit lamp
chin position may allow the capsular remnant to
be seen under the iris. Sometimes, examination
through a peripheral iridectomy (if present) is
useful to look for capsular remnants. There are
times, however, when uncertainty about how
much capsular support is present remains until
surgery when a push—pull instrument or hook can
be used to look directly under the iris in all
quadrants.

When performing infantile cataract surgery
without a primary IOL implantation, an adequate
capsular rim should be left for subsequent poste-
rior segment IOL placement. We urge surgeons to
plan for the next surgery when performing the
initial lensectomy. A 4.5-mm central matching
anterior and posterior capsulectomy is ideal. This
size is adequate to prevent subsequent closure
and reopacification of the visual axis but assures
an adequate rim of support when secondary IOL
implantation is elected.

5.3.1 IntheBag

If capsular support is available, the IOL should
be placed in the posterior segment either in-the-
bag or in the ciliary sulcus. The most desirable
position for the IOL is within the reopened cap-
sular bag. However, if the capsular leaflets are
sealed to one another without re-proliferated cor-
tex (Soemmering ring) to maintain anterior and
posterior leaflet separation in the lens equator,
ciliary sulcus fixation is an acceptable and safe
choice [2].

Despite the above recommendation, poor cap-
sular support is often seen in pediatric aphakic
eyes, particularly after removal of congenital
cataracts, traumatic cataract, or ectopia lentis. In
the absence of sufficient lens capsule support,
choosing the best site for the IOL in a child is
more difficult and controversial. Sutured or intra-
scleral fixated posterior chamber IOLs, an open-
loop flexible anterior chamber IOL or the Artisan
(Ophtec) iris-claw lens are available options. In
the absence of capsular support and in the pres-
ence of a disrupted iris, sutured transcleral or
non-sutured intrascleral fixated posterior cham-
ber IOL are the only viable options.

The technique of in-the-bag secondary IOL
implantation in children was reported in 1999 by
one of us (MEW) [3]. Our updated experience
with this technique was published in 2005 and
2011 [4, 5]. In-the-bag fixation is more consis-
tently achieved in eyes made primarily aphakic
during early infancy. This young age at surgery
leads to a higher tendency for an exuberant
Sommering ring formation. The Sommering ring
lens cortex fills the capsular bag equator and pre-
vents the anterior and posterior capsule remnants
from sealing to one another and closing the cap-
sular bag remnant. Removing the contents of the
Sommering ring and replacing them with an oph-
thalmic viscosurgical device (OVD), allows in-
the-bag IOL placement to occur more predictably.
An odds ratio analysis revealed that within our
study group, eyes originally operated before
6 months of age were 8.7 times more likely to
receive a secondary in-the-bag than those patients
who were remained aphakic after the age of
6 months [5]. In a subsequent study, we noticed
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that all of the eyes that received in-the-bag IOL
insertion had a cataract extraction within the first
4 months of life [4].

During surgery, it is important to assess
whether it is possible to reopen the capsular bag
leaflets. The key is to locate one area in which the
anterior capsule edge is not strongly adherent to
the posterior capsule [6]. Using the entry point,
an OVD can be very useful in the separation of
the capsular layers. A combination of dissection
techniques using intraocular scissors, a micro vit-
reoretinal knife, and, most commonly, the
25-gauge vitrector handpiece are used to create a
new anterior capsule edge and reopen the capsu-
lar bag for 360°. The Soemmering ring cortical
material is then removed by bimanual irrigation/
aspiration and a secondary IOL is placed into the
capsular bag.

5.3.2 Ciliary Sulcus Fixation

If in-the-bag fixation is not possible, ciliary sul-
cus fixation is an acceptable alternative if techni-
cally possible [2-5, 7-9]. Awad et al. [10]
performed UBM on the ciliary sulcus in 10 eyes
after secondary IOL implantation. The structure
of the sulcus in the implanted eye appeared simi-
lar to the sulcus in the contralateral normal eye.
However, ciliary sulcus-fixated IOLs are more
prone to develop pupillary capture, pigment dis-
persion, ciliary body erosion, decentration,
unstable loop fixation, and lens tilt than IOL with
bag fixation [11]. A study of adult eyes reported
that even more than 2 years after cataract surgery,
anterior chamber flare counts in eyes with sulcus
IOL fixation were significantly higher than in
eyes with in-the-bag fixation [12]. The three-
piece Acrysof (Alcon, Fort Worth, Tx) is appro-
priate for sulcus fixation as well as in-the-bag
positioning. It does not have a propensity to cause
pigment dispersion when placed in the ciliary
sulcus, although it does decenter at times unless
optic capture is done. Non-angulated single-piece
acrylic IOLs are not usually recommended for
ciliary sulcus fixation. However, we have found
that the Rayner C-flex (570-C) IOL is an excep-
tion. It is well tolerated by pediatric eyes when it

placed in the ciliary sulcus. Optic capture through
fused anterior and posterior capsule and haptics
in the ciliary sulcus is another viable option for
keeping the three-piece Acrysof IOL centered
and stable. At the time of this writing, the Rayner
C-flex (570-C) is our preferred IOL for sulcus
placement when optic capture is not also being
done. The three-piece acrylic lenses are still used
by us in the ciliary sulcus but mostly when we are
planning either monocapsular or bicapsular optic
capture.

In a patient with bilateral aphakia, we recom-
mend implanting the eye with the worst capsular
support first. If it is not feasible to safely achieve
implantation, bilateral aphakia can still be cho-
sen. This approach can help avoid an IOL in one
eye and aphakia in the other. While corneal tun-
nel incisions are usually utilized for secondary
IOL implantation, a scleral tunnel incision should
be considered when the capsular support is lim-
ited. After the posterior synechiae are severed, a
change to a PMMA IOL, if available, may be
warranted to provide a stable bridge across a
large posterior capsule opening. This change can
be accomplished more easily from a scleral
incision.

5.3.3 AdIOL

In absence of capsular support, the implantation
of an open-loop anterior chamber IOL (AC IOL)
is the simplest surgical procedure for surgical
aphakic correction. Modern, flexible AC IOLs
have a much lower incidence of complications
compared to the poorly tolerated rigid closed-
loop AC IOLs of the past. The current designs of
AC IOLs remain a viable alternative to sutured
IOLs when there is an absence of capsular
support. However, AC IOLs are used with cau-
tion in children. The most common complication
seen in children relate to sizing of an angle-
supported AC IOL in an eye that is still growing.
Lens rotation over time (lens is too short after
growth) can cause ovaling of the pupil and iris
entrapment. A lens that is too long can cause cor-
neal contact and iris atrophy. Correct sizing for
AC angle width is critical to prevent IOL rotation
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and/or corneal contact or iris entrapment and
chronic inflammation. Traditionally, surgeons
have used the corneal white-to-white measure-
ment +1 mm as a guide for correct AC IOL siz-
ing. A relatively large incision of at least 6 mm is
required for currently available AC IOLs. A sur-
gical peripheral iridectomy should be performed
superiorly. A meta-analysis performed as part of
the OTAC series revealed that insufficient evi-
dence exists to demonstrate the superiority of a
posterior versus an anterior chamber IOL in
adults [13]. Anterior chamber intraocular lens
implantation is contraindicated in the presence of
extensive damage to the iris and anterior chamber
angle, preexisting glaucoma, peripheral anterior
synechiae (PAS), low endothelial cell count and
shallow anterior chamber [14]. With the avail-
ability of iris-claw lenses, we no longer implant
angle-supported AC IOLs in any children.

5.3.4 Iris-Claw IOL

Iris-claw IOLs, which are lenses placed in the
anterior chamber and attached to the iris with
small claw-like haptics, have been described to
correct aphakia in adults and children, with good
visual results (Fig. 5.1). These lenses have been
available in most parts of the world for several
years and are now being implanted in 20 sites in
the USA under a compassionate-use FDA inves-
tigational device exemption. The aphakic Artisan
IOL (Ophtec, Groningen, The Netherlands) is a
peripheral “iris bridge” supported lens. The stan-
dard aphakic Artisan IOL is made of Perspex-CQ
UV (a type of PMMA) and is 8.5 mm in overall
diameter. The optic size is 5.0 mm and the overall
body diameter is 5.4 mm. Implantation requires a
5.5 mm incision. Two smaller IOL sizes for
microphthalmic eyes are manufactured at 6.5 mm
and 7.5 mm in overall diameter with optic sizes
of 4.4 mm. These smaller IOLs are not yet avail-
able in the USA. The fixation points for all of the
Artisan IOLs are in the immobile peripheral iris.
The IOL has a central oval shaped optic having
an anterior vault (minimizes iris damage) and
two fixation arms (haptics) that have a cut in
them that provides a claw-grasping mechanism.

Fig.5.1 Secondary Artisan IOL in an aphakic child with
insufficient capsular support—note there is a small
amount of capsule at the bottom of the picture but inade-
quate for posterior chamber support

Ideal method of iris-claw fixation includes: cen-
trally placed optic, passing of an adequate amount
of iris tissue through the claws of the lens, not
pulling the iris root, not pulling the sphincter
muscle/pupil margin toward the claw, and no
injury to corneal endothelium. Advantages of
artisan IOL implantation includes: The iris bridge
protects the endothelium from touching the
PMMA; There are no restrictions to pupil dila-
tion or constriction; Excellent centration stability
once fixated; The IOL has maximal visibility,
accessibility, and controllability; Virtually cos-
metically invisible; Easy to reposition and is
reversible and exchangeable; No interference
with vascular iris physiology; No sizing is nor-
mally needed—one size fits all. Disadvantage of
artisan IOL includes: Requires surgical skill to
position properly and create the ideal iris bridge
but the learning curve is short. Implantation
requires an incision of 5.5 mm ideally located at
the limbus since the IOL is grasped through the
incision when the iris bridge fixations are created.
Early astigmatism is high but fades with healing.
Wounds need to be sutured.

The Artisan IOL can also be fixated in a retro-
pupillary manner if desired [15]. To accomplish
this, the pupil is not initially constricted. The IOL
is inserted with the convex side down (upside
down) and held behind the pupil with the IOL
implantation forceps through the corneal tunnel.
As the lens is being inserted behind the pupil, a
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miotic should be injected into the anterior cham-
ber to constrict the pupil. The lens is lifted and
tilted slightly to show the contour of the claws
through the iris stroma. A fins spacula is inserted
through a paracentesis to exert gentle pressure on
the slotted center of the lens haptic to perform the
enclavation. The same maneuver is repeated on
the other side. Late dislocation of the lens can
occur when one of the enclavation sites becomes
dislodged, most often due to trauma. Prevention
of this complication involves being meticulous
about getting the proper amount of iris encla-
vated into each claw of the IOL. Late endothelial
decompensation is expected to be very rare with
the Artisan lens but ongoing long-term monitor-
ing continues.

Posterior chamber intraocular lens (PCIOL)
offer several advantages and many authors rec-
ommend them even in eyes lacking capsular or
zonular support [16]. Scleral fixation of PCIOL is
a method to overcome the lack of capsular sup-
port but is technically more difficult and time-
consuming compared to ACIOL or Artisan IOL
implantation. Due to its anatomic location in the
eye, PCIOL is often reserved for patients with
low endothelial cell counts, peripheral anterior
synechiae (PAS) and cystoid macular edema
(CME) [17]. Transscleral sutured IOL fixation
can be considered in cases with inadequate cap-
sular support or in cases with compromised ante-
rior chamber structure. Shuaib and colleagues
compared the results of transscleral IOL fixation
to retropupillary iris-claw lens implantation in
cases of pediatric aphakia without capsular sup-
port. This study concluded that both techniques
yielded comparable visual outcome.
Retropupillary iris-claw lens fixation is a shorter
procedure and technically easier than sutureless
transscleral fixation, but the risk of disenclava-
tion should be considered especially in younger
age groups. Scleral fixation is the only option in
cases of severe iris damage [15]. Scleral suture
fixation can be performed by either Ab externo
(passing needle from outside to inside) or ab
interno approach (inside to out). The ab externo
approach is preferred by many. A disturbing late
complication of transscleral suture fixation of
IOLs is the spontaneous breakage of the polypro-

pylene suture leading to IOL displacement, espe-
cially in young patients [18, 19]. Buckley [20]
reviewed the literature on transscleral sutured
IOLs in children. He reported the outcome of 33
eyes with an average follow-up of 61 months
(range 9-200 months). Twenty-one of the eyes
had greater than 3 years of follow-up and 14 eyes
(42%) had more than 5 years of follow-up. Four
patients had spontaneous suture breakage at 38,
66, 96, and 107 months after implantation. An
additional 13 cases of 10.0-prolene suture break-
age in children were uncovered by a survey of
pediatric ophthalmologists. In addition to slow
biodegradation of the suture, there are other fac-
tors that may contribute to the higher probability
of suture breakage in children. These include
globe enlargement with age, continuous eye rub-
bing, and higher probability of eye trauma due to
more active lifestyle. To reduce the chance of
suture breakage, it is important to consider the
use of multiple sutures on each haptic, thicker
sutures [21] (such as the 9-0 polypropylene men-
tioned above), or a different suture material such
as GORE-TEX (W. L. Gore & Associates,
Newark DE).

In adult eyes, iris-sutured IOLs have been
used successfully to correct aphakia. The appli-
cation of these techniques in the pediatric age
group has been limited. The iris-sutured IOL fix-
ation is preferred by some surgeons over the tran-
scleral IOL fixation techniques because it is
technically less demanding [22], and requires a
shorter operative time. It also believed that the
risk for cystoid macular edema, IOL tilt, and late
suture breakage is lower in iris-fixated IOLs [23,
24]. Another potential advantage of iris suturing
is a lower risk of suture erosion, and diminished
risk of suture wick endophthalmitis [25-29].
Condon and associates suggested that the lower
risk of late suture breakage may be the result of
the fact that the elasticity of the peripheral iris
provides a more forgiving suspension system
than the sclera, which, in a transsclerally sutured
IOL, is fixated to a rigid IOL spanning the poste-
rior segment [30]. Iris fixation of a PCIOL is an
alternative for secondary IOL placement in pedi-
atric aphakic patients without capsular support in
the short-term, but should be approached with
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caution. Overall, in posterior chamber IOL suture
techniques, the complication rate seems to be
decreasing over the years, probably due to the
increasing experience of surgeons in these diffi-
cult techniques. In addition, transscleral suturing
techniques are now being replaced by intrascleral
sutureless fixation techniques. With these meth-
ods, the IOL haptics are externalized and then
tucked back into either an intrascleral tunnel
beneath a glued scleral flap or tucked back after a
cautery-induced mushroom cap has been fash-
ioned at the tip of each haptic.

While secondary IOL power can be estimated
using the aphakic refraction [31, 32], the estimate
is less accurate than biometry [33]. If biometry
cannot be obtained in the clinic setting due to
poor cooperation and if biometry is not available
in operating room, the aphakic refraction can be
used to estimate IOL power. A change of the IOL
fixation site may require adjusting the /OL power-.
If a decision is made to place the IOL in the cili-
ary sulcus, rather than the capsular bag, a decrease
in lens power is often necessary. This is due to the
fact that as the optic is shifted more anterior
(moved closer to the cornea), its ‘“‘effective
power” increases. The amount of this change is
dependent on the “base power” of the IOL. The
greater the power of the IOL, the greater the dif-
ference in its effective power when it is placed in
the ciliary sulcus instead of the capsular bag. If
an IOL power calculated for the capsular bag
needs to be changed to the ciliary sulcus, sub-
stract 1.5 D for >28.5D, 1 D for 28.0to 17.5, 0.5
D for 17.0 to 9.5 D. No substraction is required if
power at capsular bag is <9 D (http://www.
doctor-hill.com/iol-main/bag-sulcus.htm).

Simultaneous eye muscle and IOL implanta-
tion surgery in patients with strabismus and apha-
kia has been reported [34]. Combining IOL
implantation and strabismus repair may reduce
the number of surgical and anesthetic procedures,
speed rehabilitation, and offer financial benefit to
the patient and third-party payors. However, con-
cern may arise regarding a potential increased
risk of postoperative infection, anterior segment
ischemia, or excessive discomfort for the patient.
Determining the ocular alignment in eyes with
poor vision may be difficult. We typically offer

secondary IOL implantation surgery first (if indi-
cated), wait for vision to recover, start amblyopia
treatment, evaluate for strabismus, and offer stra-
bismus surgery as a separate procedure.

54  Complications

Some postoperative complications after second-
ary IOL implantation are worth mentioning here.
We reported that eyes with preexisting glaucoma
were more likely to develop an IOP spike during
the early postoperative period [35]. We recom-
mend additional topical antiglaucoma medica-
tion or oral acetazolamide for children undergoing
secondary IOL implantation with the preopera-
tive diagnosis of aphakic glaucoma. Decentration
of the IOL was the most common complication
reported in our series. Clinically significant
decentration was noted in 4 (5.2%), while dislo-
cation of the IOL was reported in 2 (2.6%) eyes;
and pupillary capture requiring repositioning of
the IOL in 1 (1.3%) eye. Clinically significant
decentration requiring surgical intervention was
noted only in eyes with sulcus-fixated foldable
IOLs (28.6%; 4/14). None of the 29 eyes with
sulcus-fixated polymethylmethacrylate (PMMA)
IOL implantation developed decentration.
Perhaps the rigidity of PMMA IOLs helped to
avoid decentration. Foldable IOLs in the sulcus
have been noted to be at risk for decentration and
dislocation [36]. Decentration/dislocation was
responsible for 21% of explanted three-piece
hydrophobic acrylic IOLs in a 2001 survey [37].
All the decentrations were in an inferior direction
and occurred more often in the eyes of male
patients [5]. Perhaps this is due to the higher inci-
dence of trauma among males. Another possible
reason is that male eyes have been noted to have
a longer axial length than female eyes. Eyes with
an axial length of >23 mm were 4 times more
likely to develop decentration if implanted with a
sulcus-fixated foldable IOL when compared with
eyes measuring <23 mm. We hypothesized that
longer eyes may also have a “wider” anterior seg-
ment. A wider sulcus-to-sulcus distance may pro-
mote IOL decentration [5]. Another recent study
has reported decentration in 6% of eyes after sec-


http://www.doctor-hill.com/iol-main/bag-sulcus.htm
http://www.doctor-hill.com/iol-main/bag-sulcus.htm

5 Secondary IOL in Congenital Cataract Surgery

59

ondary placement of foldable Acrysof IOLs in
the ciliary sulcus [38]. Jacobi and associates
noted decentration of a scleral fixation of a sec-
ondary foldable monofocal or multifocal IOL
implant in 19.2% of eyes of children and young
adults [39]. We have now begun to use the Rayner
C-flex (570C) IOL in the ciliary sulcus more
often than the Acrysof MA-60 IOL, especially in
eyes longer than 23 mm in globe axial length and
when optic capture is not easily achieved.

A higher incidence of cystoid macular edema
with secondary IOL implantation in adults in whom
vitreous loss occurred at the time of initial cataract
surgery has been reported. Other studies, however,
reported excellent results when a careful and con-
trolled vitrectomy was performed with secondary
IOL implantation. Although we did not perform
angiography, we did not observe clinically signifi-
cant cystoid macular edema after secondary implan-
tation in our series of pediatric eyes [5].

5.5 Conclusion

In summary, in the presence of adequate capsular
support, secondary IOL implantation can be
safely achieved in pediatric eyes. In-the-bag fixa-
tion is preferred over ciliary sulcus fixation but
either is acceptable. When leaving an infant
aphakic in the first months of life, the surgeon
should plan for the secondary IOL placement by
carefully leaving 360° of capsular support and
matching anterior and posterior capsulotomy
edges at 4 to 4.5 mm centrally. With this plan, an
easy and safe secondary IOL surgery can be
offered when these children reach preschool or
grade-school age. In the absence of available cap-
sular support, scleral-supported IOLs, iris-claw
lenses, or ACIOLs can be used, depending on the
surgeon’s preference, the ocular environment,
and IOL availability. Each of these options
require careful follow-up over an extended period
of time. As opposed to when adequate capsular
support is present, these alternative implantation
strategies should be performed only after the sur-
geon and parents are convinced that visual reha-
bilitation of the patient cannot be achieved with a
contact lens or a safer surgical procedure.

Because of the possibility of late complications
such as dislocation of IOL in these children with-
out capsular support, they should be observed
regularly.
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Intraoperative and Postoperative

Complications

Rupal H. Trivedi and M. Edward Wilson

Cataract surgery in children is more difficult and
the rate of complications is higher when com-
pared to adult surgery. The rate of intraopera-
tive and postoperative complications is inversely
proportional to the age at surgery. In addition
to age, surgical technique can influence the rate
of complications (e.g., primary intraocular lens
implantation vs. aphakia). Higher intraoperative
complications in children may be attributed to
the common occurrence of an immature iris that
results in poor pupil dilation. In addition, the eyes
of young children are small and soft. Even small
and well-constructed surgical wounds leak when
not sutured securely. The anterior capsule in chil-
dren is highly elastic and difficult to predictably
tear into a circular and centered capsulorhexis.
Scleral collapse and a formed, non-liquified, vit-
reous body create the upthrust commonly referred
to as posterior vitreous pressure. Postoperative
complications are also higher due to an intense
inflammatory response and poor compliance to
postoperative topical anti-inflammatory drops.
The detection of postoperative complications can
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be challenging because of the difficulties encoun-
tered in performing detailed postoperative exami-
nations in children, who may be uncooperative.

6.1 Intraoperative

Complications

Innovations in surgical technique (e.g., closed
chamber techniques using bimanual irrigation/
aspiration) and technology (e.g., high viscos-
ity viscosurgical devices, improvement in intra-
ocular lens materials and designs, advances in
vitrectomy instruments, etc.) have helped us to
minimize surgical trauma such as iris manipula-
tion and improve the overall intraoperative perfor-
mance. The rate of intraoperative complications
is higher in eyes receiving primary intraocular
lens (IOL) implantation as compared to aphakia.
In the Infant Aphakia Treatment Study (IATS),
intraoperative complications were observed in
11% (6/57) of eyes in the no IOL group versus
28% (16/57) of eyes in the IOL group [1].

Iris prolapse is more frequently observed
during pediatric cataract surgery as compared
to adult surgery as a result of poorly developed
iris tissue and the nearly universal finding of a
floppy iris. Over-filling of the anterior segment
with ophthalmic viscosurgical device (OVD),
to counteract the collapsibility of the soft eyes,
may contribute to the frequency of iris prolapse.
Incisions should be constructed to provide a snug
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fit for the instruments that pass into the anterior
chamber. This concept of a tight-fit, closed cham-
ber, is much more important in pediatric surgery
than it is when operating on adults. In IATS,
iris prolapse during surgery was observed in
4% (2/57) of eyes in the no IOL group and 21%
(12/57) of eyes in the IOL group (P = 0.008) [1].
The authors attributed this fivefold increase in the
IOL group to a larger wound size and the greater
intraocular manipulation required to implant an
IOL in a small, soft and often microphthalmic
infant eye [1].

A pupil may fail to dilate preoperatively if
the iris is immature and lacking the smooth mus-
cle development needed for an active dilation
response to mydriatic drugs. The iris may also be
fibrotic and adherent to the lens capsule. During
surgery, a well-dilated pupil may constrict due to
surgical iris manipulation or touch. Miosis from
iris manipulation occurs in a more robust fashion
in children as compared to adults. Use of 0.5 mL
of 1:1000 non-preserved, bisulfite-free adrena-
line (epinephrine) in 500 mL of irrigating fluid
has been in standard use for pediatric cataract
surgery for decades. Intracameral epinephrine
helps to maintain pupillary dilation throughout
the surgery. The use of OVD can also help to
improve or maintain pupil dilation in children.
As described in adult eyes, the intraoperative
floppy-iris syndrome (IFIS) includes a triad of
intraoperative signs: iris billowing and floppi-
ness, iris prolapse, and progressive miosis [2, 3].
We reported pediatric IFIS in a 4-month old child
when epinephrine was inadvertently omitted dur-
ing cataract surgery [2]. Intracameral phenyleph-
rine and ketorolac (1%/0.3%), known as Omidria
(Omeros, Seattle, WA) is now FDA approved in
the USA for adults and children to help main-
tain pupil diameter during cataract surgery and
reduce postoperative pain. A direct comparison
study of non-preserved epinephrine and Omidria
in pediatric eyes has not, to our knowledge, been
conducted.

Fluctuation of anterior chamber depth (ante-
rior chamber “bounce”) occurs frequently in soft
pediatric eyes and can result in more inflammation
via the iris stimulation that the bounce induces.
Bimanual irrigation/aspiration through tight-fit

wounds with minimal leaking helps to maintain a
consistent deep anterior chamber throughout the
lens aspiration, thus avoiding anterior chamber
fluctuation. Some surgeons prefer to use an ante-
rior chamber maintainer rather than holding both
instruments as in bimanual surgery. An unstable
anterior chamber usually results from too much
leak around the instruments that are placed in the
anterior chamber. Venturi-pump machines often
have a fluid pump that can be increased to offset
the leak. Gravity-fed irrigation systems are not as
effective. The surgeon must also learn to balance
the aspiration with the irrigation in a way that
does not repeatedly shallow the anterior chamber
during surgery.

It is no longer a secret that anterior capsulot-
omy is notoriously difficult in infants and young
children because of the extreme elasticity of the
anterior capsule. The capsulotomy is made even
more challenging when there is poor dilation of
the pupil and positive vitreous pressure. Rarely,
an anterior capsule tear may be observed as
soon as the anterior chamber is opened, caused
by the sharp tip of the entrance knife, especially
when the anterior chamber is very shallow. The
availability of better operating microscopes,
microsurgical instruments, higher-viscosity
OVDs and the use of trypan blue are helpful.
However, a “runaway rhexis” or a tear extend-
ing out toward the equator is still frequently
encountered. For manual continuous curvilinear
capsulorhexis (CCC)—it occurs mainly during
the formation of the anterior capsulotomy. Once
a manual CCC is achieved, the edge is very
strong and will withstand intraocular gymnas-
tics very efficiently. When a tear occurs during
manual CCC, the surgeon should stop tear-
ing, place more OVD, regrab close to the tear
edge, and pull toward the center of the pupil.
If this does not recover the capsulotomy easily,
conversion to a vitrectorhexis or to a Kloti dia-
thermy capsulotomy has been successful for us.
For vitrectorhexis and Kloti diathermy—a tear
is more likely to occur during IOL implantation
or irrigation/aspiration or after OVD removal.
Care should be taken to avoid right-angled
edges, which is a weak point and likely to tear
during intraoperative maneuvering. If a right-
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angled edge is seen during the capsulotomy, it
should be rounded out manually or by using the
vitrector before completion of the capsulotomy.
The sudden flat anterior chamber that can occur
after the OVD is removed but before the wounds
are sutured can cause the IOL to move anteri-
orly and place stress on the capsulotomy edge.
We compared the rate of inadvertent anterior
lens capsular tears with CCC or vitrectorhexis
in pediatric cataract and IOL implantation sur-
gery [4]. Of the 339 eyes, 19 eyes (5.6%) were
noted to develop an anterior capsule tear (vit-
rectorhexis, 12 of 226 eyes, 5.3%; CCC, 7 of
113, 6.2%). These tears occurred during anterior
capsulotomy in seven eyes, hydrodissection in
one, cataract removal in three, and IOL inser-
tion/manipulation in eight. In eyes operated for
cataract at or before 72 months of age, the man-
ual CCC technique was more likely to develop
a tear (relative risk, 3.09) compared with eyes
of older children (>72 months of age), where
the vitrectorhexis technique was more likely to
develop a tear (relative risk, 3.14).

Inappropriate size and shape are also com-
plications of the anterior capsulotomy that are
seen more often with children than with adults.
Surgeons are urged to go slow and pay particular
attention to size, shape, and centration each time
the capsulotomy edge is released. If the capsulot-
omy opening is too small, it can be enlarged after
the IOL is inserted. If it is too large or poorly
shaped, take care to get the haptics of the IOL
under the capsulorhexis edge and place the hap-
tics where the capsulotomy edges can be most
easily seen.

A high intraoperative vitreous pressure is pro-
duced as a result of scleral collapse due to low
scleral rigidity, which results in forward move-
ments of the iris lens diaphragm. In pediatric
eyes, the posterior capsule is often convex rather
than concave from the surgeon’s viewpoint. We
often remove the peripheral lens cortex first,
leaving the central nucleus of the lens until last
since it holds the posterior capsule back in a more
flat or concave configuration. Use of a high vis-
cosity OVD (e.g., Healon-GV) helps to maintain
a deep anterior chamber and keep the iris lens
diaphragm back.

An inadvertent posterior capsule tear may not
be as devastating to the pediatric cataract sur-
geon as it is to adult cataract surgeon, because
pediatric cataract removal often includes poste-
rior capsulotomy/capsulectomy with or without
a vitrectomy. However, an uncontrolled poste-
rior capsule tear may still compromise the abil-
ity of the surgeon to safely place an IOL into the
capsular bag. Posterior capsule tears may occur
in children due to preexisting posterior capsule
abnormalities that are common in posterior polar
cataracts and posterior lentiglobus. The surgeon
can recognize a forn posterior capsule during
lens aspiration by signs such as a sudden deepen-
ing of the anterior chamber. This occurs instanta-
neously as a rent appears in the capsule. As this
occurs, the pupil will dilate in response to the
deepening anterior chamber. Finally, during aspi-
ration, lenticular particles/residual cortical matter
falls away from, and will not come toward, the
tip of the aspirator. This occurs because the tear
in the posterior capsule alters the flow dynamics
in the anterior chamber. Sometimes the presence
of vitreous in the anterior chamber may also indi-
cate a torn posterior capsule. The posterior cap-
sule can tear during hydrodissection, irrigation
and aspiration, capsular polishing, lens insertion,
and OVD removal. Posterior capsule tear can also
occur during incision enlargement with the sharp
tip of the keratome.

In all cases, if the posterior capsular tear is
entirely within view, a posterior capsulorhexis
can be attempted. If the vitreous face is intact,
this is done by placing OVD above and below the
tear, pushing the vitreous face back, and allow-
ing room to grasp the torn capsule. If the vitreous
face is already broken, OVD is necessary only to
stabilize the anterior chamber and make room for
the forceps. Using a capsulorhexis forceps, the
capsule is then gently torn to create a 360° poste-
rior capsulorhexis. Failed attempts may result in
extension of the tear and, if not already present,
vitreous loss.

Alternatively, the vitrector handpiece can
be used to round out the posterior capsule tear,
remove residual cortex, and remove prolapsed
vitreous. Pediatric surgeons are more likely to
use this approach since the use of the vitrector
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is often more familiar than the use of a capsu-
lorhexis forceps on the posterior capsule. Care
should be taken to begin with a low flow so that
the anterior chamber dynamics are not changed
drastically when the instruments are placed in
the eye. This could lead to an extension of the
posterior capsule tear. Once rounded out, the
posterior vitrectorhexis can be quite stable and
resistant to further tearing. The advantage of the
vitrector handpiece is that it can safely remove
cortex when it is mixed with vitreous. It can also
cut the capsule and vitreous simultaneously with-
out undue traction on the vitreous base or the ret-
ina. A Venturi-pump-driven vitrector handpiece
works best when used in this way.

Anterior vitreous face (AVF) disturbance dur-
ing posterior capsule rupture is well recognized
in adult cataract surgery. However, in children,
this is less of a problem because anterior vitrec-
tomy has become an integral part of the surgical
strategy. However, some surgeons prefer to err
on the conservative side and avoid anterior vit-
rectomy in children 2-8 years of age. When per-
forming a PCCC without vitrectomy, surgeons
should watch for signs of AVF disturbance, and
if seen, a vitrectomy should be performed. The
subtle signs are a vitreous strand in the anterior
chamber, vitreous strands attached to the capsule
flap, and distortion of the anterior and posterior
capsulorhexis [5]. Intracameral Triamcinolone
can be used in suspected cases of AVF distur-
bance to detect AVF disturbance. Some surgeons
choose to use miotics to look for peaking of the
pupil.

Intraoperative hyphema may occur and may
or may not need to be cleared before wound
closure [6]. A small hyphema will clear sponta-
neously. Hyphema was noted in approximately
5% of eyes in the IATS study [1]. Vascularized
plaques or patent hyaloid artery remnants may
lead to intraoperative vitreous hemorrhage.
Another less commonly encountered complica-
tion is bleeding into the vitreous cavity. When
exiting the pars plana, the vitrector cutter must
be turned off before the handpiece is withdrawn.
If not, the cutter may engage the tip on a cili-
ary process during handpiece withdrawal, caus-

ing profuse bleeding. If this occurs, intraocular
cautery will likely not be needed but a full core
vitrectomy may be needed to clear the blood. A
retinal specialist will need to be consulted unless
the surgeon is experienced in core vitrectomy
techniques.

The most common intraoperative complica-
tion related to the IOL is malplacement or mal-
positioning of the implant on entry into the eye.
When polymethylmethacrylate (PMMA) IOLs
were used, asymmetrical fixation was common,
especially in infants—the leading haptic could be
placed easily into the capsular bag, but often there
was unintended placement of the trailing haptic
into the ciliary sulcus. Placing an oversized rigid
IOL into a small soft eye was a real challenge.
After the leading haptic entered the capsular bag,
the OVD often exited the eye through the large
wound, the pupil became miotic, and the sur-
geon was pleased just to get the trailing haptic
somewhere posterior to the iris. Posterior vitre-
ous upthrust made dialing the lens into the cap-
sular bag more difficult. The modern-day use of
foldable IOLs has made this complication less
frequent. The trailing haptic of commonly used
single-piece acrylic IOLs can now be manually
placed under the capsulotomy edge using a push—
pull instrument with great certainty. A second
hook can be used to pull the iris edge back for bet-
ter visualization if needed. Care should be taken
to place the haptics into the capsular bag before
they have unfolded completely. Once the haptics
have unfolded outside the capsular bag, they are
more difficult to place into proper position manu-
ally. This is especially true when a multi-piece
acrylic IOL is used. If this happens, the IOL optic
should be displaced eccentrically within the cap-
sular bag as much as possible before an attempt
is made to pull the haptic out of the ciliary sulcus.
These lenses do not dial as easily in children as
they do in adults.

Some pediatric surgeons choose to perform a
primary posterior capsulotomy and an anterior
vitrectomy prior to, rather than after, implanta-
tion of an IOL. An OVD is then used to inflate
the remaining capsular “tire.” The IOL must be
carefully aimed at entry so that it enters the cap-
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sular bag. Fearing the deep entry, some surgeons
aim too anteriorly and the IOL enters the ciliary
sulcus. Unlike the situation mentioned earlier,
where IOLs dial up into the ciliary sulcus due
to vitreous upthrust, IOLs often dial through the
posterior capsulotomy when a vitrectomy has
already been performed. Even gentle dialing and
gentle posterior force on the optic may send a
soft foldable IOL through an even modestly sized
posterior capsulotomy. In this situation, the IOL
is best lifted entirely into the anterior chamber
and then reinserted, rather than dialed. To avoid
this complication and make IOL insertion eas-
ier, we recommend IOL insertion into an intact
capsular bag prior to the posterior capsulotomy.
The IOL haptics should be oriented 90° away
from the wound. This allows the vitrector to be
placed under the IOL optic more easily for OVD
removal or for primary posterior capsulotomy
and anterior vitrectomy. To avoid the possibil-
ity of dragging a strand of vitreous back to the
wound, we recommend removing the OVD after
the IOL is in place but performing the primary
posterior capsulotomy and anterior vitrectomy
through the pars plana, leaving the irrigation can-
nula in the anterior chamber.

Other less common complications include loss
or disruption of a portion of the zonule, cloudy
cornea, iris sphincterotomy, retained cortex, and
lens fragments in the vitreous. Each of these was
reported as an intraoperative complication in the
IATS study cohort.

6.2 Postoperative Complications
Postoperative complications may be seen during
the early postoperative period (e.g., wound leak,
intraocular pressure (IOP) spike, corneal edema,
anterior uveitis), after a few months but within a
few years (posterior capsule opacification, glau-
coma), or several years after cataract surgery
(glaucoma, retinal detachment, high myopia).
Indications, risk factors and the rate of an
unanticipated return to the operating room within
3 months of pediatric cataract-related intraocu-
lar surgery has been reported recently [7]. The
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overall reoperation rate was 3.3% within 90 days
after cataract surgery. Reasons for reoperation
included visual axis opacification (VAO), ele-
vated IOP, vitreous wick to the cataract surgery
wound, synechaie, uveitis unresponsive to topi-
cal anti-inflammatory medications, retained lens
cortex, traumatic iris prolapse and foreign body
in the anterior chamber. Factors that increased
the risk for reoperation were a history of a trau-
matic cataract (relative risk 2.55) or age <1 year
at the time of first surgery (relative risk 3.02).
In the absence of these risk factors, the rate of
reoperation during the first 90 days postopera-
tive period was 1.1% [7]. The Toddler Aphakia
& Pseudophakia Study (TAPS) recently reported
outcomes of unilateral cataracts in infants and
toddlers 7 to 24 months of age [8]. The Study
authors concluded that the incidence of complica-
tions, reoperations, and glaucoma was low when
surgery was performed between 7 to 24 months
of age and compared favorably with same-site
IATS data for infants undergoing surgery before
7 months of age. IOL implantation is relatively
safe in children older than 6 months.

Posterior capsule opacification is inevitable
in the very young child after cataract surgery if
the posterior capsule is left intact. To prevent
opacification and visual deprivation, poste-
rior capsulectomy and anterior vitrectomy are
performed (Fig. 6.1) [9]. Even after primary
posterior capsulectomy and vitrectomy, eyes
operated on during the first year of life are pre-
disposed to develop VAO in the form of lens

Fig. 6.1 To reduce the incidence of PCO or VAO, a pars
plana posterior capsulotomy is being done after IOL
insertion in this 12-month-old child
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proliferation into the visual axis (defined as lens
regrowth extending into the pupillary space and
interfering with vision) or pupillary membrane
(Figs. 6.2 and 6.3) [10]. Five-year results of the
Infant Aphakia Treatment Study (IATS) reported
2 (4%) eyes with lens proliferation obscuring
the visual axis in the contact lens group and 23
(40%) in the primary IOL group [10]. Pupillary
membranes were observed in 2 (4%) eyes in
the contact lens group versus 16 (28%) in the
IOL group. TAPS investigators also reported

Fig. 6.2 Visual axis opacification despite the use of optic
capture of a multi-piece IOL in a young child

Fig. 6.3 Visual axis opacification in an eye with an
immature iris and synechia

that VAO was more common in pseudophakic
(32%) than aphakic (8%) eyes (P = 0.009) in
infants operated for bilateral cataract surgery
[11]. In addition to age at surgery, the type of
IOL used may also be a risk factor for develop-
ing a secondary opacification after cataract sur-
gery. Different types of IOLs may have different
lengths of time until opacification. For example,
secondary opacification formed more quickly
when PMMA lenses were implanted compared
to acrylic lenses [12]. Eyes with traumatic cat-
aract are more likely to develop PCO as com-
pared to eyes without traumatic cataract [13]. If
PCO does develop, YAG laser capsulectomy or
surgical membranectomy can be performed [9].

Glaucoma after pediatric cataract surgery
may develop during early postoperative period
or decades after cataract surgery. Late-onset
glaucoma is typically open-angle and can often
be diagnosed while patients are still asymptom-
atic. There have been numerous studies aimed
at detecting factors in patients that predispose
them to developing glaucoma. There is much
disagreement, but age at surgery and age at
diagnosis are the two most widely agreed upon
factors. Previous studies have found the risk of
glaucoma decreases with increasing months of
age at the time of cataract extraction [14]. The
highest risk is in infants who underwent cata-
ract surgery at age 4 weeks or younger [15].
The multivariate analysis of infants enrolled
in IATS showed that only younger age at sur-
gery increased the risk of developing glaucoma
(3.2 times) [15]. Some studies reported that
the risk for developing postoperative glaucoma
is decreased with primary IOL implantation
[16-18]. We reported that this appearance of
protection may be merely a selection bias, with
older and more developed eyes receiving the
IOLs and younger, less developed eyes being
left aphakic [19]. Recently published random-
ized clinical trial results of IATS at five-years
of age concur with our observations. Glaucoma
was reported in 9 (16%) eyes with contact lens
and 11 (19%) eyes with primary IOL implanta-
tion [15]. The IATS found that eyes with smaller
corneal diameter (<10 mm) at cataract removal
were not at higher risk for glaucoma within the
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1 to <7 month age group [15]. TAPS investiga-
tors reported that younger age at surgery and
smaller (<9.5 mm) corneal diameter at surgery
conferred an increased risk for glaucoma or
glaucoma-suspect designation [11].

Central corneal thickness should be measured
during follow-up visits of children operated
for cataract during infancy [20, 21]. Glaucoma
is especially difficult to diagnose in children
because it is harder to do detailed examination.
It is particularly important to attempt regular [OP
measurements in children after cataract surgery to
stop disease progression before significant dam-
age occurs. It is equally important to continue
monitoring for many years, as there may be a
lifelong risk of developing secondary glaucoma.
If reliable IOP measurements cannot be obtained
in the clinic, examinations under anesthesia
(EUA) should be conducted at a yearly interval
[22]. Different anesthetics will variably affect
IOP, but AL will not be affected by anesthetics
and should be included in the standard evalua-
tion for glaucoma. The rebound tonometer (Icare
USA, Raleigh, NC) may be used as a clinical tool
for children who cannot withstand the traditional
exam for measuring IOP. When using this tonom-
eter, it is not necessary to administer a topical
anesthetic, which leads to increased compliance
in children. This instrument facilitates more fre-
quent clinical IOP measurements and thus fewer
EUAs. Any elevated IOP reading from the icare
must be verified with a second device, such as a
Tonopen. Treatment for glaucoma should ideally
be early and effective to prevent ongoing damage
to the eye. Treatment is typically topical medical
management or surgical procedures. Open-angle
glaucoma treatment for pediatric aphakic patients
is different than pediatric congenital glaucoma.
While initial treatment is usually surgical in
congenital cases, the first line of treatment for
glaucoma in aphakic and pseudophakic eyes is
medical. Timolol 0.25% topical therapy is often
the first-line medication. It should be avoided
in children with asthma or heart conditions.
Topical carbonic anhydrase inhibitors such as
Drozolamide 2%/Trusopt 1%/Azopt also reduce
aqueous humor production. Topical agents are
not as efficacious as oral agents, but have fewer

side effects. Phospholine iodide/echothiophate
iodide 0.125% is also very effective in glaucoma
after pediatric cataract surgery. This older and
more difficult to get medication is rarely used in
phakic patients because it may be associated with
cataract formation. However, this is not a concern
in aphakic or pseudophakic children, and it works
well for managing pediatric secondary glaucoma
[23]. Prostaglandin analogs such as Latanoprost
0.005%, Travoprost 0.004%, and Bimatoprost
0.03% are used as a secondary or tertiary option
in secondary glaucoma. Prostaglandins increase
outflow of aqueous humor, but are less efficacious
in aphakic or pseudophakic children compared
to adults. Aphakic patients refractory to medi-
cal management may need a surgical procedure
such as a tube shunt implantation, trabeculec-
tomy with mitomycin C (TMMC), trabeculot-
omy, goniotomy, or one of the cyclodestructive
procedures, such as endoscopic cyclophotoco-
agulation. Though rare, children who are pseu-
dophakic are more likely to develop closed-angle
or pupillary block glaucoma. Surgical or laser iri-
dectomy is the standard of care in these patients,
both of which are followed by medical therapy in
most cases.

A frequent complication of pediatric cata-
ract surgery is early postoperative increased
IOP. A study conducted by the Childhood
Cataract Program of the Chinese Ministry of
Health found IOP typically peaks at 1 week
after surgery and remains elevated for an aver-
age of 30 days [24]. A possible explanation for
an early postoperative spike in IOP is retained
cohesive OVD, particularly in patients with
marginally controlled glaucoma who are under-
going secondary IOL implantation [25]. Other
explanations include damage to the iris during
surgery [26]. Postoperative topical steroids can
also cause an increase in IOP but this so-called
“steroid response” type of ocular hypertension
usually subsides soon after discontinuation of
topical steroids. Ultimately, increased IOP that is
untreated or does not return to baseline can result
in pain, corneal edema, and optic nerve damage.
Increased IOP is seen more frequently in patients
who already have glaucoma and are undergo-
ing secondary IOL implantation. The IOP spike
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can be treated with topical or systemic glaucoma
medications. As in adults, retained viscous OVD
can cause a marked postoperative IOP elevation
after surgery for childhood cataracts. Englert and
Wilson [25] have suggested the need for more
meticulous removal of the OVD. We reported a
high incidence of symptomatic early IOP spikes
in patients with aphakic glaucoma undergoing
secondary IOL implantation and we recom-
mended the use of prophylactic topical and/or
systemic glaucoma medications to help prevent
or minimize the IOP spike. Monitoring during
the early postoperative period was also suggested
in these higher risk cases [27].

Toxic anterior segment syndrome (TASS) is
a rare inflammatory condition usually observed
within the first 2 days after anterior segment
surgery [28-31]. The most common finding is
a diffuse corneal edema. Fibrin in the anterior
chamber and increased anterior chamber inflam-
mation, often resulting in sterile hypopyon, can
occur. With intense topical corticosteroid treat-
ment, most cases resolve over a period of weeks
to months. Ari and colleagues evaluated 893 eyes
of patients undergoing pediatric cataract surgery
[32]. TASS was observed in 19 eyes. In all TASS
cases, it was noted that ethylene oxide-sterilized
vitrectomy packs were used for anterior vitrec-
tomy. After the abolition of use of this material,
the authors did not have any new TASS cases
[32]. A task force of the American Society of
Cataract Refractive Surgery (ASCRS) has made
a number of recommendations for cleaning and
sterilizing intraocular surgical instruments to pre-
vent TASS [28].

Endophthalmitis is one of the most severe
complications that can occur following cataract
surgery. Improved surgical conditions and early
diagnosis has improved outcomes, but rates
vary worldwide. Melo et al. reported an inci-
dence rate between 0.05% and 0.4% worldwide
[33]. Wheeler, Stager, and Weakley reported a
rate of 0.071% following pediatric intraocular
surgery for cataracts and congenital glaucoma
[34]. The most common infectious organisms
are Staphylococcus and Pseudomonas [35].
Additionally, the incidence of methicillin resis-
tant Staphylococcus aureus (MRSA) infections

is increasing [36]. Prophylaxis and treatment for
endophthalmitis in pediatric cataract surgery is
similar to adult cataract surgery. We strongly rec-
ommend the use of intracameral antibiotics at the
end of the cataract surgery in children.

Transient corneal edema is a common prob-
lem after cataract surgery. Recent studies have
asserted it is the most common complication
on the first postoperative day [37]. The edema
may be localized or diffuse. Localized edema
is due to trauma to the corneal endothelium
and resulting inflammation, and diffuse edema
causes increased IOP. Steroids may be used to
treat inflammation and thus decrease pressure
inside the eye [38]. The IATS described corneal
edema as an adverse postoperative complication
only if it persisted for more than 30 days. This
was observed in only 1 of 57 eyes in the IOL
group [1]. Contact lens associated corneal prob-
lems include bacterial keratitis, corneal opacity
due to tight contact lenses, corneal vasculariza-
tion, and corneal abrasion [22]. The IATS study
reported a corneal abrasion in only 1 eye of the
57 in the contact lens group. Cataract surgery
may also result in increased corneal thickness
and corneal endothelial cell loss. Increased
corneal thickness is due to surgical manipula-
tion and the corneal incisions. The thickest
areas typically correlate with instrument inci-
sion points. Endothelial cell loss occurs after
cataract surgery and is dependent upon cataract
type, AL, anterior chamber depth, and surgical
factors. Cell loss is greatest at 3 months after
surgery. Endothelial cell loss is best measured
with specular microscopy, and children receiv-
ing a secondary IOL, Artisan iris-claw IOL, or
angle-supported anterior chamber IOL should
be routinely measured [22].

A shallow or flattened anterior chamber may
be observed during the early postoperative period
and a peaked pupil may accompany this finding.
This finding is usually from a wound leak caused
by the child rubbing eye and forcing fluid out
of the sutured wound. The chamber will usually
need to be reformed and the wound may need to
be re-sutured. Although the chamber will usually
deepen on its own, failure to surgically reform
the chamber and reposition the iris may lead to a
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peaked pupil that chronically sticks in place and
is not easily repaired later.

Fibrinous uveitis due to increased tissue reac-
tivity is a more common complication during
the early postoperative period in eyes undergo-
ing pediatric cataract surgery compared to adults.
However, modern surgical techniques that limit
iris manipulation and ensure capsular bag fixa-
tion of the IOL have resulted in less postopera-
tive inflammation/fibrinous uveitis even in small
children. Frequent topical steroids and even sys-
temic steroids may be needed in selected cases to
reduce uveitis-related complications.

A new hyphema occurring postoperatively (as
opposed to residual hyphema from an intraop-
erative bleed) is uncommon, but it can occur [6].
Recurrent hyphema in an aphakic child has been
reported [39].

Triamcinolone disappears from the anterior
chamber in most eye within days after surgery,
however, it may persist, especially if it reaches
the vitreous cavity (Fig. 6.4). We don’t leave

Fig. 6.4 Intracameral triamcinolone persisting in the
inferior portion of the anterior chamber at 1 week after

surgery

triamcinolone in aphakic eyes since it deposits
in the vitreous and is too slow to clear. In these
aphakic eyes, if it is used to help visualize the
vitreous, then it is removed before the end of the
surgery. When an IOL is implanted in a young
child, triamcinolone can be left in the anterior
chamber to control postoperative inflammation.
We commonly use 1 or 2 mg of triamcinolone
placed anterior to the IOL just prior to intracam-
eral antibiotic injection.

Postoperative iris and pupil abnormalities
are observed after cataract surgery, more com-
monly after IOL implantation. Corectopia was
reported in 2% eyes in the no IOL group versus
19% of eyes in the IOL group in the IATS study
[1]. Posterior synechia are usually the reason for
the observed corectopia although iris damage can
also occur at the time of iris prolapse or during
surgical manipulation. Younger age at the time of
cataract surgery increases the risk for synechiae
formation. Trivedi et al. [40] noted that synechiae
were seen in 31% of eyes having surgery in the
first year of life. Type of IOL also influence rate
of synechiae. Wilson et al. [41] noted posterior
synechiae in 5 of 110 AcrySof® (Alcon, Fort
Worth, TX) lenses (4.5%), compared with 23 of
120 PMMA lenses (19.2%). Evaluating single-
piece IOLs in children, we noted synechiae in
five eyes (11.9%) [42]. None produced enough
corectopia to cause a noticeable cosmetic defor-
mity. Vasavada et al. [43] noted posterior syn-
echiae in 13.6%.

Heterochromia iridis is an asymmetry of iris
color in one eye in relation to the other. Summer
and Letson reported it in 9% of patients [44].
Cataract surgery stimulates a prostaglandin
release resulting the darkening of iris color, which
may occur through the same or a similar mecha-
nism by which latanoprost causes darkening of
iris color. The darkening effect occurs more often
when surgery is done in infancy. Lenart and col-
leagues evaluated 15 children [45]. Photographs
were taken of both eyes. Masked examiners
reviewed the photographs and compared, in each
patient, the iris color of the eye that was operated
and the eye that was not operated. Thirteen of 15
children had darker iris color in the operated eye
relative to the non-operated eye.



70

R. H. Trivedi and M. E. Wilson

Early hypotony may indicate a wound leak.
Once this is ruled out, sustained hypotony may
accompany a postoperative retinal detachment
(RD). In glaucoma and uveitis patients, sustained
hypotony can be an impending sign of phthisis
bulbi. Hypotonous maculopathy may also be
present. In patients with nanophthalmos, mild
hypotony may be associated with large choroidal
effusions. These usually resolve with time.

Excessive anterior capsule fibrosis and shrink-
age of the CCC opening can lead to difficulty
with retinoscopy and with examining the retinal
periphery and, occasionally, decentration of the
IOL.

Precipitates composed of pigment, inflamma-
tory cells, fibrin, blood breakdown products, and
other elements are often seen during the post-
operative period on the surface of an IOL optic
implanted in a child (Fig. 6.5). The deposits can
be pigmented or nonpigmented but are usually
not visually significant. They occur much more
commonly in children with a dark iris and when
compliance with postoperative medications has
been poor. Sulcus-fixated IOL would likely have
more deposits compared to bag-fixated IOL. In
addition, Vasavada and Trivedi [46] found that
the incidence of deposits was higher in eyes with
the IOL optic captured through the posterior
CCC in comparison with in-the-bag fixated IOLs.
The type of IOL also influences IOL deposits.
Wilson and colleagues [41] reported that IOL
cell deposits were seen in 7 of 110 (6.4%) hydro-

Fig. 6.5 Marked cell deposits on an IOL in a child with
poor compliance with postoperative steroid drops

phobic acrylic lenses, compared with 26 of 120
(21.75%) PMMA lenses. In addition, the inci-
dence of deposits is inversely proportional to age
at surgery.

In a recent review from Toronto, IOL reposi-
tioning was required in 4/55 eyes [47]. Placing
the IOL in the capsular bag with an anterior cap-
sulotomy smaller than the IOL optic helps to
prevent pupillary capture, a complication that is
much more common in children than in adults.
It often occurs in association with posterior syn-
echiae formation and PCO. Pupillary capture
occurs most often in children <2 years of age,
when an optic size <6 mm is used and the lens
is placed in the ciliary sulcus. Pupillary capture
can be left untreated if it is not associated with
decreased visual acuity or glaucoma. However,
surgical repair recreates a more round pupil
shape and IOL centration. Fixation of PCIOLs in
the capsular bag (whenever possible) is recom-
mended to decrease the incidence of this com-
plication. Also, the anterior capsulotomy should
be continuous and smaller than the IOL optic
for 360 degrees, if possible. Prolapsing the optic
of a secondary sulcus—fixated IOL through the
anterior capsulorhexis opening can also prevent
pupillary capture.

Excessive capsular fibrosis and asymmetric
IOL fixation are the most common causes of a
decentered IOL. Decentration of an IOL can also
occur because of traumatic loss of a portion of
the zonule and/or inadequate capsular support.
Capsular bag placement of the IOL is the most
successful way to reduce this complication.
Posterior capture of the IOL optic also resulted
in better centration of the implanted IOL [46].
Explantation or repositioning of the IOL may be
necessary in some cases presenting with signifi-
cant decentration/dislocation.

Late postoperative opacification of some spe-
cific IOL models in adults has been reported
widely in the literature. Kleinmann and associ-
ates [48] reported the clinicopathological and
ultrastructural features of three hydrophilic
acrylic IOLs, manufactured from two differ-
ent biomaterials, explanted from children who
had visual disturbances caused by progressive
postoperative opacification of the lenses’ optic
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component. These lenses were explanted at 20,
22, and 25 months postoperatively, from chil-
dren aged 10, 36, and 20 months, respectively,
at lens implantation. Pehere and colleagues [49]
reported that the deposits were found to be com-
posed of calcium, phosphate, and silicone.

Mullner-Eidenbock et al. [50] noted glisten-
ing in both eyes of one patient 1 week postop-
eratively. The glistening increased during the
first 2 postoperative years to a degree of 3+ and
then remained stable until the last follow-up at
40 months. Glistenings are commonly observed
on postoperative slit lamp examination when a
single-piece AcrySof IOL (Alcon, Fort Worth,
TX) has been implanted. They appear to be visu-
ally insignificant but some surgeons argue that
they may have some yet unproven deleterious
effect on visual performance.

Retinal detachment is a well-known late
complication of pediatric cataract surgery, his-
torically reported to occur 20 years or more after
cataract surgery, with only a third of cases occur-
ring in the first 10 years after surgery [51]. The
incidence of RD following pediatric cataract sur-
gery appears to have decreased markedly as sur-
gical techniques have advanced and evolved. The
use of a modern high-speed vitreous cutter and
more frequent use of pars plana approach reduces
vitreoretinal traction. During surgery, wound
sweeping and scissors cutting (“Weck-cell vit-
rectomy’’) should be avoided. This technique can
remove vitreous from the wound but it invariably
induces acute vitreoretinal traction. Similarly,
if a vitreous wick is seen attached to one of the
anterior cataract wounds (corneal tunnel or para-
centesis) during a postoperative examination, it
should be removed as soon as possible to relieve
any traction on the retina at the vitreous base. In
children without associated ocular anomalies,
the incidence of RD is reported as 3.2% after a
mean follow-up of 6.8 years [52], 0.8% at 5 years
[53], and 2.5% at 5 years [54]. The median inter-
val between pediatric cataract surgery and RD is
reported as 6.8, 9.1, and 5.8 years after pediat-
ric cataract surgery [52-54]. High myopia (long
axial length) has been reported as significant risk
factor for postoperative RD [52, 54]. Intellectual
disability has also been reported to greatly

increase the risk of RD [53, 54]. Long-term fol-
low-up is critical in children, as RD can occur
many years after cataract surgery. A detailed reti-
nal examination is recommended after cataract
surgery at least yearly. This is especially impor-
tant for those eyes at higher risk for RD by virtue
of a long axial length for age, persistent fetal vas-
culature, Stickler syndrome, traumatic cataract,
ectopia lentis, or intellectual disability associated
with self-injurious behavior.

Cystoid macular edema (CME) is a rare com-
plication following pediatric cataract surgery,
probably because of the healthy retinal vascula-
ture and formed vitreous in children. Ahmadieh
et al. evaluated 45 eyes of 31 children undergo-
ing cataract surgery and IOL implantation, using
intravenous fluorescein and fundus fluorescein
angiography, and did not detect CME in any eye
at 6 weeks after surgery [55]. Rao et al. [56] per-
formed a similar evaluation 4 to 6 weeks after
surgery, using oral fluorescein and angioscopy, in
25 eyes of children and did not detect CME in any
of them. CME occurs with unknown frequency
after pediatric cataract extraction, in part due to
the difficulty in detecting CME in the pediatric
patient because of the challenges of performing
macular examination, inability to visualize CME
with the indirect ophthalmoscope or RetCam, the
sedation issues associated with fluorescein angi-
ography, and the inability of young children to
position for ocular coherence tomography (OCT).
If detected and visually significant, the treatment
should parallel guidelines for adult pseudophakic
CME, including topical corticosteroids and non-
steroidal anti-inflammatory medications.

To increase safety during wound healing, pedi-
atric cataract surgeons typically place sutures.
Since children rub their eyes after surgery and
the wounds are prone to leaking, the sutures
are placed and tied tight. This can induce large
amounts of surgically induced astigmatism in the
immediate postoperative period. However, relax-
ation of a large amount of this suture-induced
astigmatism occurs in children having cataract
surgery when the wound heals and the Vicryl
suture dissolves [57-65].

High postoperative myopia can occur with
axial eye growth after early IOL implanta-
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tion. Optical rehabilitation with contact lens,
spectacles, or IOL exchange will be necessary.
Alternatively, secondary implantation of a piggy-
back lens in the ciliary sulcus or corneal refrac-
tive surgery can be performed. Secondary Artisan
phakic IOL for correction of progressive high
myopia in a pseudophakic child has also been
reported [66]. IATS study reported phthisis bulbi
in 1 eye of the 57 who did not receive an IOL [1].
Other rare complication included ptosis [67].

In summary, intraoperative complications
are uncommon but occur in pediatric cataract
surgery more commonly than in adult surgery.
Also, postoperative complications may develop
in the early postoperative period or after many
years. Therefore, it is crucial to follow children
closely on a long-term basis after pediatric cata-
ract surgery.
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7.1  Introduction

Pediatric cataract surgery techniques have sig-
nificantly improved over course of time with
development of new microsurgical techniques.
Despite this, pediatric eyes are more predisposed
to development of media opacity following cata-
ract surgery as compared to adult eyes. Visual
axis opacification (VAO) includes any significant
media opacity in the visual axis which hinders
the transmission of light and thus, affect image
formation. This defeats the purpose of early pedi-
atric cataract surgery which is primarily to clear
the media and prevent stimulus deprivation
amblyopia.

There are various causes of media opacity,
including early onset and late onset causes
(Table 7.1). The most important and commonest
cause is posterior capsular opacification (PCO)
[1, 2]. It is the commonest complication requir-
ing second surgical intervention following pedi-
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Table 7.1 Causes of visual axis opacification [4]

Early media opacification
Corneal edema
Hyphema

Late media opacification
Posterior capsular
opacification (Fig. 7.2)

Inflammatory or fibrinous | Hyaloid face

membrane (Fig. 7.1) opacification

Cortical remnants IOL glistening (Fig. 7.3)
Vitreous hemorrhage IOL debris or pigments

Vitreous exudates Late vitreous exudates

Fig. 7.1 Postoperative serial picture of 12-year-old boy
with post traumatic cataract with fibrinous membrane in
the anterior chamber on first postoperative day

atric cataract [3]. Intraoperative and postoperative
complications are discussed in the respective
chapter. In this chapter, we will discuss VAO
related to PCO and hyaloid face opacification.
PCO is children is generally thicker than adults
and most often would require surgical interven-
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Fig. 7.2 Posterior capsular opacification seen 4 months
post-surgery in 8-year-old child (Posterior capsule intact)

Fig.7.3 IOL glistening seen with anterior capsular fibro-
sis 4 years after surgery

tion for removal. Understanding pathogenesis of
PCO will help in understanding predisposing fac-
tors and prevention techniques for PCO forma-
tion. We would also discuss surgical approaches
for successful PCO management.

7.2  Pathogenesis

After any extracapsular cataract surgery, lens epi-
thelial cells (LECs) on the anterior capsule are
invariably left behind. These LEC’s are respon-
sible for PCO formation [5]. The germinal equa-

torial E-type LECs show active mitosis and
produce lens fibers throughout life. Some of the
anterior or equatorial LECs left after surgery
show the process of proliferation, migration and
differentiation [6] as a healing response to sur-
gery. There is epithelial to mesenchymal transi-
tion (EMT) along with collagen deposition and
lens fiber [7-9].

There are two types of PCO: fibrotic and pro-
liferative type. There may be contraction of fibro-
blasts deposited which may cause wrinkling and
folds in the capsule. This leads to fibrotic variety
of PCO [8, 9]. The lens fiber proliferation and
regeneration from E-type LECs is responsible for
proliferative type of PCO [6, 9]. Just like the pos-
terior capsule, anterior hyaloid face can also act
as the scaffold for this process of migration, pro-
liferation and EMT.

Cytokines and growth factors such as trans-
forming growth factor B (TGF-f), fibroblast
growth factor 2 (FGF-2), Interleukins 1 and 6
also have a significant role in cellular response in
PCO [10-12]. The inflammatory response in
children following cataract surgery is signifi-
cantly greater than adults. This explains thicker
and more frequent PCO is younger children.
Additionally, in conditions associated with more
severe inflammatory response such as uveitis,
trauma, etc., PCO may be more frequent.

7.3  Predisposing Factor

The incidence of PCO is variable and can be as
high as 95% [13] without adequate protective
measures. The incidence depends various predis-
posing factors: age at the time of surgery, etiology
of cataract, surgical technique, IOL implantation
and position, ocular comorbidities such as persis-
tent fetal vasculature (PFV), systemic comorbidi-
ties such as juvenile idiopathic arthritis.

7.3.1 Age

Age is one of the most important factors in deter-
mining the predisposition to PCO. Younger age
group is significantly more predisposed to PCO
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formation [14-19]. Peterseim et al. reported
higher incidence of PCO in children <2 months
of age when compared with older children [19].

Hosal and Biglan found the risk of secondary
cataract formation to be 4.76-fold (odd’s ratio)
when operated at <1 year of age compared to
children >1 year of age.

7.3.2 Etiology of Cataract

Traumatic cataracts may have higher risk of VAO
formation compared to developmental or con-
genital cataract of non-infective origin [20]. This
may be explained by higher inflammation in trau-
matic cases before and after surgery.

Systemic association such as JIA may signifi-
cantly increase incidence of PCO. Incidence of
PCO has been reported in as high as 70-80%
eyes despite posterior capsulotomy with or with-
out anterior vitrectomy [21, 22]. PCO formed
may be very thick and vascularized (Fig. 7.4). In
other cause of uveitis, there is increased inci-
dence of PCO as well. Infective cataracts such as
TORCH infections (Toxoplasma, others, rubella,
cytomegalovirus, and herpes simplex virus) may
also show more inflammation and hence greater
risk of PCO.

Ocular association such as PFV has been asso-
ciated with increased incidence of PCO [1, 2]. In
addition to PCO, they may develop hyphema or
more commonly vitreous hemorrhage which may
be the cause of media opacity.

Fig. 7.4 8-year-old JIA patient with aphakia with vascu-
larized visual axis opacification 1 year after surgery. Band
shaped keratopathy is also seen

7.3.3 Surgical Technique

The importance of posterior capsulorhexis
(PCCCQC) or capsulotomy with or without anterior
vitrectomy (AV) in pediatric cataract surgery has
been clearly established in the last 30 years.
Incidence of PCO depend on the presence or
absence of PCCC as well as AV. Posterior capsule
or anterior hyaloid face act as a scaffold for PCO
to form.

Hosal and Biglan clearly established the
importance of PCCC and AV in their study of 152
patients with a mean follow of 6 years. PCO
occurred 78.6% of eyes without PCCC, 42.9%
with PCCC, and 22.5% with combined PCCC
and AV [16].

7.3.4 Size of Capsulorhexis

A 5 mm opening in anterior capsulorhexis is con-
sidered as ideal. Smaller capsulorhexis may be
associated with anterior capsular phimosis.

7.3.5 Aphakia or Pseudophakia

It has remained somewhat controversial over
time whether the presence of IOL increases VAO
formation. In our experience, we have not
observed drastic difference between the two
groups. However, a review of five studies includ-
ing 597 eyes was published by J. Chen et al.
where they found primary IOL implantation
increased risk of VAO compared to contact lens
fitted group [23]. There may be associated con-
founders such as surgical technique, surgeon’s
experience, and use of steroids which have been
identified in the study.

7.3.6 IOL Position and Type

Incidence of VAO in the case of IOL in bag and
IOL in sulcus in pediatric traumatic cataract was
compared [24]. Complications including VAO
and pupillary capture were observed more often
in sulcus group. In other studies, no difference in
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PCO was found based on IOL position [25]. IOL
in sulcus with optic capture has been used to
reduce PCO formation [26]. Besides these,
poorly centered anterior capsulorhexis in the bag
may also accelerate PCO formation if it does not
cover all the edges of IOL.

Studies comparing the acylic material prove
that hydrophilic acrylic material accelerates PCO
formation more than hydrophobic material [27].
Heparin surface coating on polymethyl methacry-
late (PMMA) i.e., heparin surface modified IOLs
(HSM-IOLs) also cause less PCO formation and
are used for uveitic cataracts [22]. (Hydrophilic
acrylic IOL > PMMA IOL > hydrophobic IOL). A
capsular bend with sharp and square optic edge
induce contact inhibition to migrating LECs, thus
reducing PCO formation [28].

7.4  Clinical Presentation

Detection of VAO is challenging in pediatric
patients. Symptoms may be nonspecific and par-
ents need to be counselled to look for anything
out of the ordinary. In bilateral cataracts, if only
one eye is affected, parents may not notice any-
thing. Hence, the importance of regular follow
ups and EUA needs to be explained beforehand.

4

Sometimes, presence of whitish opacity or squint
is observed by the caregivers. In unilateral cata-
racts, where patching is being followed with
good compliance, the child may now be noted to
resist occlusion of the good eye more than usual.

Most often, it is picked up on routine follow-
up. Clinician may find poor visual acuity on
Cardiff’s tests and a poor glow (Bruckner reflex)
through direct ophthalmoscope. A child present-
ing to clinic with a poor glow should be assessed
through the corrective spectacles as high refrac-
tive error may show dull glow specially in
aphakia.

VAO may be predominantly posterior to lens,
anterior to lens or combination of both. It may be
visual insignificant when central visual axis is
clear. PCO is classified as:

» Fibrotic type: In fibrotic variety, capsule is
thickened and fibrosed with folds and wrin-
kling in the capsule (Fig. 7.5).

e Proliferative type: Include both FElschnig
pearls and Sommering ring. Elschnig pearls
are round, clear pearl like clusters of residual
LECs which are clearly demarcated on retroil-
lumination (Fig. 7.6). Sommering ring forms
in the periphery generally between anterior
capsular edge and posterior capsule, it may

Fig. 7.5 Fibrotic type of VAO. (a) Anterior fibrotic VAO seen 4 months after surgery for post traumatic cataract. (b)
Posterior fibrotic VAO seen 1 year after surgery for intermediate uveitis
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Fig. 7.6 Proliferative VAO with Elschnig pearl formation. (a) Clinical picture. (b) UBM of the same showing VAO
posterior to IOL and intact posterior capsule

Fig.7.7 Proliferative VAO with Soemmering ring seen in aphakic patient 20 months after surgery

proliferate further, contract and involve the
visual axis (Fig. 7.7).

7.5 Investigations

Ultrasonography should be performed preopera-
tively to rule out posterior segment pathology
such as retinal detachment. In uveitis cases, USG
should be performed to evaluate activity in the
posterior segment as well.

Ultrasound biomicroscopy (UBM) can be per-
formed in cases of severe VAO or non-dilating
pupil. It provides detailed information related to
the location and severity of VAO. Anterior, poste-

rior and mixed variety can be evaluated and sur-
gery can be planned preoperatively (Fig. 7.8), it
can also provide information regarding IOL posi-
tion and associated pathology such as persistent
fetal vasculature.

7.6 Prevention

7.6.1 Maedical Preventive Measures
Use of topical steroids and cycloplegics post-
surgery helps in control of inflammation and
hence VAO formation. Slow taper of steroids is
recommended.
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In etiologies associated with excess inflamma-
tion such as uveitis, prophylactic use of systemic
steroids or immunosuppressants is recommended.

7.6.2 Surgical Preventive Measures

ACCC: 5 mm circular central ACCC covering
IOL 360° should be made as there are greater
chances of PCO formation in eccentric 1OLs
(Fig. 7.9).

Hydrodissection and cortical clean up: We
recommend performing good cortical clean up
especially the equatorial fibers and cells. Residual
cortical matter can promote VAO formation.

C.Dhull and S. K. Khokhar

PCCC and AV: Studies have well established
the role of primary PCCC with anterior vitrec-
tomy to effectively delay the secondary cataract
formation in infants and children [29].

Anterior vitrectomy breaks the scaffold for the
LECs that are actively proliferating and prevents
deposition of metaplastic cells, thus preventing
PCO formation [30]. Posterior capsulotomy is
must for all patients <6 years of age [ 18]. Vitrectomy
can be deferred after 5 years of age [30].

The authors routinely perform PCCC with/
without AV for all children operated for cataract
at the age of less than 6 years and in special cases
of older children with mental retardation, nystag-
mus or who are unable to follow-up frequently.

Fig. 7.8 UBM of dense VAO patients. (a) Anterior VAO seen, no VAO behind the lens. (b) Combined anterior and

posterior VAO

Fig.7.9 PCO formation in case of larger capsulorhexis not covering IOL completely. (a) Diffuse illumination picture.
(b) Retroillumination picture. Note both fibrotic and pearl like PCO formation
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IOL: We recommend in the bag IOL implanta-
tion with square edge haptic IOL or in the sulcus
IOL with optic capture with both anterior and poste-
rior capsule depending on suitability, to reduce VAO.

7.7 Management

PCO is amblyogenic in the critical period of
visual development and causes stimulus depriva-
tion in a child, thereby interfering with the goal
of a successful cataract surgery. If PCO is visu-
ally significant, it requires removal via laser or
surgery.

7.7.1 Neodymium Yttrium
Aluminum Garnet (Nd:YAG)

Capsulotomy

Nd:YAG laser is a relatively noninvasive non-
surgical procedure to remove PCO in a day care
setting. Since the procedure requires significant
cooperation from the patient, it is used in older
children with sufficient understanding.

The procedure is performed under topical
anesthesia. An Abraham’s Nd YAG laser lens is
used. Energy requirement is generally low from
1-2 mJ/pulse. It can be titrated based on the
thickness of PCO. Laser shots are directed at
taut capsule to create a 4 to 5 mm circular open-
ing [31]. Cruciate opening can also be used but
generally not preferred due to risk of extension.
A posterior offset may be required to avoid hit-
ting the IOL. It is not preferred in cases of
PMMA IOL.

However, with the use of Nd:YAG capsulot-
omy, few limitations remain: (1) the anterior hya-
loid still remains intact, which may again act as
scaffold for recurrent PCO formation; and (2) a
very thick fibrous PCO may not be easily cut
with laser. (3) Risks of treatment with Nd:YAG
laser include: cystoid macular edema (CME) [32,
33] and low risk of retinal detachment [33]. IOL

pitting can happen in uncooperative children
especially with thick PCO.

7.7.2 Surgical Management

Most children especially under 6 years of age
require surgical intervention for treatment of
VAO. Surgical approach depends on the location
of PCO, location of IOL and surgeon’s experi-
ence. VAO must be managed promptly and child
has to be taken up for resurgery under general
anesthesia. An informed consent must be
obtained from caretakers/parents in these cases,
with clinician explaining them the risk of recur-
rent PCO and associated complications.

7.7.2.1 Limbal Route

Most anterior segment surgeons prefer membra-
nectomy from anterior route or limbal route
(Fig. 7.10). Two paracentesis incisions are made
at the limbus nearly 180° apart. Anterior chamber
is filled with viscoelastic and vitrectomy cutter
and irrigator can be used for making an adequate
opening in the PCO in aphakic eyes. If PCO is
very thick intravitreal scissors and forceps may
be required to cut and remove the membranes
especially in cases such as uveitis, PFV, etc.
Limited localized anterior vitrectomy is per-
formed. If IOL is placed in the sulcus, a slight
nudge can help to place the probe underneath it
for membranectomy. If IOL is in the bag or
fibrosed strongly with the capsule, excessive
manipulation may weaken the zonules. We prefer
a pars plana approach in such cases.

7.7.2.2 Pars Plana Route (Fig. 7.11)

A pars plana port is constructed first as described
in chapter on surgical management. A limbal
paracentesis is created for irrigation. Limited
anterior vitrectomy is performed followed by
membranectomy using vitrectomy cutter in Cut
IA mode. Similar to limbal approach, in case of
thick VAO, microincision (23 gauze) intravitreal



82

C.Dhull and S. K. Khokhar

Fig.7.10 Surgical management of PCO via anterior route. (a) Thick PCO behind IOL. (b) Membranectomy and ante-
rior vitrectomy being performed by lifting the IOL slightly. (¢) Surgery complete with clear 5 mm central zone

scissors and forceps can be used. There is mini-
mal displacement of IOL and the irrigation probe
can be used to support IOL throughout the proce-
dure. Combined approach in cases of VAO both
anterior and posterior to IOL can be used to
achieve optimal outcome.

VAO associated with complicated surgery or
mal-positioned IOL may require additional proce-
dure to membranectomy and anterior vitrectomy.

Pupilloplasty, IOL exchange, repositioning or
explant may be required. This may be a surgical
challenge due to extensive fibrosis and/or vascular-
ization. Complications associated with membra-
nectomy are similar to any intraocular procedure
such as pediatric cataract surgery. Refractive cor-
rection after surgery is a must for early visual reha-
bilitation. Amblyopia therapy should be initiated as
soon as media is rendered clear.
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Fig. 7.11 Surgical management of PCO via pars plana Membranectomy is performed in cut IA mode. (e) Limited
route. (a) Clinical picture showing proliferative type of anterior vitrectomy done. (f) Post-surgery central 5 mm
PCO. (b) Magnified view showing primarily posterior —opening

variety of VAO. (¢) 23 g port being made. (d)
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The difference between the paediatric eye and the
adult eye is much more than the eye size. Children
have ongoing visual development and nervous
plasticity resulting in risk of amblyopia. In addi-
tion to effective surgery, meticulous operative
care and visual rehabilitation is crucial for favour-
able outcome. The lack of compliance poses
additional challenges.

Visual rehabilitation includes refraction cor-
rection and amblyopia management. In cases
where the intraocular lens was not implanted,
aphakic correction can be corrected by various
modalities such as aphakic glasses, contact
lenses, epikeratophakia. Situations where the
intraocular lens was contraindicated and not
implanted include the following:

e Very young child (minimum age for IOL
implantation depends on laterality and sur-
geon preference).

e Ocular factors like uveitis, microphthalmia,
persistent foetal vasculature.
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In cases of primary intraocular lens implanta-
tion, visual rehabilitation encompasses manage-
ment of the residual refractive error.

8.1 Aphakia Correction
See Fig. 8.1.
8.2  AphakicGlasses

Aphakic glasses are commonly used for the cor-
rection of bilateral aphakia in children. They are
also useful in children who are contact lens intol-
erant or as back up. Disadvantages of aphakic
glasses include restriction of visual field to
approximately 30°, heavy weight, distortion of
image and prismatic effect. It is not recom-

Fig.8.1 Aphakia
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mended for unilateral aphakia due to marked reti-
nal image size disparity.

Due to increased trend towards primary IOL
implantation and contact lens, the availability
and advancement of technology for high power
plus lens (>10 D) have declined. Primarily, three
types of aphakic glasses are available [1].
Ultraviolet protection should be added to these
lenses.

1. Lenticular lenses: These lenses have the pre-
scribed power at the centre of lens surrounded
by ring of little or no power. Although they are
inferior to other lenses, they are the only
option when requiring >20 D.

2. Aspheric lenticular lenses: They have aspheri-
cal central area lenses surrounded by ring of
little or no power. Available 10-20 D, they are
optically superior to lenticular lenses.

3. Multidrop lenses: They have spherical central
zone that flattens into aspherical zone which
further blends with ring of no power. The lens
resembles the aspheric lenticular lenses with-
out the noticeable ring. Far superior to other
options, it is only available in the range of +10
to +16 D (Fig. 8.2).

Frame selection is very important in paediatric
age group. Whenever possible the child should be
included in decision making for the frame. The
bridge of the frame should carefully conform in
shape to that of the child. Cable temples (ear-
pieces) which wrap around the back of the ear
and spring hinges are recommended.

Fig. 8.2 Child with aphakic glasses

8.3 ContactLenses

Studies have shown that better binocular vision
and stereopsis can be obtained in patients who
show excellent compliance with contact lens
postoperatively [2]. In fact, aphakia with contact
lens rehabilitation is the most common approach
to the treatment of unilateral congenital cataract
in infants less than 6 months [3]. The major
advantage is the easy adjustability with the
changing refractive error. Good lens fit, care, and
hygiene compliance can prove to be an excellent
alternative to primary IOL implantation, though
inability to adhere these requirements can lead to
hazardous consequences.

Contact lens in paediatric patients is demand-
ing for adults/caregivers. Problems include diffi-
cult insertion and removal, poor compliance with
long term use, loss of lenses, ocular irritation and
infection. Compared to an adult, the paediatric
conjunctival fornix is shallower, the globe is
smaller, the sclera is steeper, the cornea is smaller
and steeper. Coupled with changing refraction,
increasing axial length, progressive corneal flat-
tening, contact lens practice is much more chal-
lenging in paediatric patients.

Target refraction depends on the age of the
patient:

e Less than 1 year of age: overcorrect by 2.0 D
to get —2 D (which means near-point correc-
tion at 50 cm.)

e l1-2yearsold: —1to—-1.5D

e 3 years old and above: Bifocal glasses (near
add +3).

There are three main type of contact lens to
correct paediatric aphakia [4]:

1. Silicone elastomer (SE).
2. rigid gas permeable lens (RGP),
3. Hydrogel/Silicone hydrogel lenses.

In Singapore, the most commonly used con-
tact lens to correct paediatric aphakia is an SE
lens—the SilSoft (Bausch & Lomb). This was
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also used in the Infant Aphakia Treatment Study
in the United States [5]. It has a high oxygen
permeability (Dk = 340) and can be worn on an
extended-wear basis. (The manufacturer recom-
mends that the lens be removed for cleaning and
disinfection at least once every 30 days and then
left out of the eye overnight.) This wearing sched-
ule is advantageous for young children, who
often have a low tolerance for the insertion and
removal of contact lenses. These SE lenses are
limited for higher power (+23, +26, +29, +32
diopters [D]), 3 base curves (7.5, 7.7, 7.9 mm),
and only 1 diameter (11.30 mm). Most aphakic
infants are initially fitted with lenses that have a
base curve of 7.5 mm. Lower-power SE contact
lenses are available in 1 D increments (+11.50 D
to +20.00 D), five base curves (7.5-8.3 mm), and
2 diameters (11.30, 12.50 mm). Some very young
infants need higher power than what is available
with the SE lenses. In addition, SE lenses have a
limited capacity to correct corneal-induced astig-
matism that exceeds 2 D in magnitude. The
hydrophilic surface coating on SE lenses deterio-
rates over time, allowing its underlying hydro-
phobic surface to be exposed, which results in
reduced wettability and accumulation of lipid-
mucin deposits, thereby necessitating frequent
lens replacement [6]. Silicon lenses are more
costly, do not provide ultraviolet protection and
can be uncomfortable initially (Fig. 8.3).

In contrast to SE lenses, RGP lenses can be
customised to achieve virtually any power, base
curve, or diameter. This means that they are more
suitable for microphalmic eyes, small corneal
diameters, 9.5 mm and those not within the power
or base curve range of silicone lenses. For the
high plus powers needed to correct paediatric
aphakia, RGP lenses are commonly made from
Menicon Z (Menicon, Nagoya, Japan) with a
Dk = 189 or hexafocon B (Bausch & Lomb) with
a Dk = 141.2, 7 The advantages of RGP lenses
include availability in a wider range of powers,
increased ability to correct corneal astigmatism
(up to 6 D), better durability, and lower cost.
RGP lens may be ordered with UV blockers. The
primary disadvantage of RGP lenses is that for
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Fig. 8.3 Silsoft contact lens

the high plus powers needed to correct paediatric
aphakia, their effective oxygen permeability is
not optimal for extended wear and hence they
need to be removed daily. The lens replacement
rate was approximately 50% higher for RGP
lenses when compared to SE lenses [5].

There are many disadvantages associated with
the use of soft lenses like hydrogel lenses for pae-
diatric aphakia [7]. The major problem is corneal
hypoxia. The combination of the low Dk and the
large centre thickness in high plus power means
that these lenses have very low oxygen transmis-
sibility (Dk/t), leading to complications like cor-
neal vascularisation, stromal oedema. Silicone
hydrogel lenses provide a marked increase in
oxygen supply to the cornea compared to hydro-
gel lenses. However, these lenses, especially if
worn on an extended-wear basis, can accumulate
high levels of lipid deposition and be associated
with clinical complications such as superior epi-
thelial arcuate lesions, mucin balls and contact
lens related papillary conjunctivitis.

Contact lens fitting can be initiated during the
cataract surgery by taking corneal measurements
using handheld topography or keratometry.
Postoperatively, the aphakic child should be fit-
ted as soon as possible. Most infants require the
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11.3-diameter lens due to their small fissures.
Premature infants may need much steeper base
curves, such as 7.50 or 7.70. The lenses are fitted
and allowed to settle for 15-20 min before doing
fluorescein evaluation. A “steep” lens produces
distinct central pooling of fluorescein whereas a
“flat” lens results in an absence of fluorescein
centrally. An ideal fit is obtained with the
following:

¢ 1-2 mm movement on blink

* Minimal apical clearance

* Minimal bearing in the intermediate zone
e Peripheral edge clearance

* Moderate nasal edge lift

e There is no encroachment upon the limbus
e The optics are within the pupil

Preoperative biometry can also be used to esti-
mate contact lens power for distance if an accu-
rate refraction cannot be obtained initially [8].
These are the methods: (1) 30 D contact lens (32
D minus 2 D overcorrection for near vision based
on IATS protocol); (2) regression-estimated con-
tact lens power of 84.4-3.2 x axial length; and (3)
IOL power calculated using the Sanders-Retzlaff-
Kraff (SRK/T) regression formula with a modi-
fied A-constant (112.176) with mean prediction
error of —4.0, —1.0, and —2.0 D respectively.

The compliance and success of contact lens
treatment of aphakia depends on the caregiver/
parents. They need to be educated and trained in
lens insertion, lens removal, lens cleaning and
care. It is crucial for them to understand and rec-
ognise complications such as infection, torn
lenses, poorly fitting lens so that they can bring
the child for requited medical care. Compliance
to visits cannot be overemphasised.

8.4  Epikeratophakia

Epikeratophakia (or epikeratoplasty) is a surgical
procedure in which a lamellar graft is sutured
onto the surface of the recipient cornea to repro-
duce the effect of a highly positive contact lens
[9]. This procedure has generally not been very
successful for infantile aphakia due to graft fail-

S.W. Leo

ure. The only theoretical indication is unilateral
aphakia where intraocular lens implantation is
contraindicated and yet the patient is contact lens
intolerant.

8.5 Management of Residual
Refractive Errors After
Intraocular Lens

Implantation

Paediatric cataract surgery is associated with sev-
eral sources of postoperative refractive error [10].
These include planned refractive error based on
age or fellow eye status, loss of accommodation,
and unexpected refractive errors due to inaccura-
cies in biometry technique, use of IOL power for-
mulas based on adult normative values, and late
refractive changes due to unpredictable eye
growth (Fig. 8.4).

On average, the eye grows 4.5 mm in the first
2 years of life. From the age of 2-6 years, growth
is slower but still substantial at 0.4 mm per year.
We aim to correct the residual refractive errors
with spectacle lenses or contact lenses. The target
refraction is as follows:

1. in children less than 1 year: aim for mild myo-
pia -2 D,

2. in children 1-2 year: aim for myopia —1 to
-1.5D,

3. Emmetropia for distance, Near add +3 for
children 3 years and above (Fig. 8.5).

Fig. 8.4 Paediatric pseudophakia
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Fig. 8.5 Left IOL implantation with bifocal spectacle
lens correction

In unilateral cases, the fellow eye must not be
forgotten. Refractive errors like significant
hyperopia, myopia and astigmatism need to be
corrected with optical aids.

8.6 Amblyopia Treatment

In paediatric cataract, amblyopia is the result of
preop deprivation and postop anisometropia. The
treatment goal is to provide a clear retinal image
as soon as possible and to correct ocular domi-
nance by patching good eye. Timely treatment is
critical. The amount of patching depends on the
age when retinal image was cleared. Likewise, if
an older child presents with a unilateral cataract,
the prognosis for improvement depends on the
age at which the opacity developed. If it has been
present since early infancy, the prognosis is poor,
because of amblyopia, even if the surgery is suc-
cessful in itself [11].

The IATS regimen for patching is as follows:

* Patching of the good eye 1 h per day per month
of age until the child is 8 months old starting
the second week following cataract surgery.

e Patch all hours that the child is awake every
other day or one-half the child’s waking hours
every day for children more than 8 months
old.

e If compliance is poor and patching of less than
15 min for 3 months has been achieved, use
occlusion contact lens (Fig. 8.6).

Fig. 8.6 Child with left amblyopia

8.7 Summary

Advancement in surgical techniques and methods
of optical rehabilitation has substantially improved
the functional and anatomic outcomes of paediat-
ric cataract surgeries in recent years. In cases
where primary IOL implantation is not done, con-
tact lenses and aphakic glasses are viable options.
In cases of primary IOL implantation, residual
refractive errors need to be corrected. In all cases,
amblyopia management is critical.
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Surgery in Fibrotic Anterior
and Posterior Capsule
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In pediatric cataracts, the capsulorhexis decides the
type and the site of IOL insertion. Even in normal
capsule, the rhexis is difficult, presence of plaques
or fibrosis makes it even more challenging.

Focal, multifocal or diffuse, dense, white
opacity adherent to the internal surface of ante-
rior and posterior lens capsule leads to the forma-
tion of capsule plaque. It appears as white opacity
blocking the red glow of the fundus. Capsular
fibrosis in immature cataract is visible as whitish
plaque with striation or stretching of capsule
(Fig. 9.1a). It is sometimes difficult to identify
anterior capsular fibrosis (ACF) in white mature
cataracts because of the lack of contrast. Posterior
capsular fibrosis is also not visible in mature cat-
aract due to lack of visualization. ACF is easily
visible as wavy fibrotic lines intraoperatively
after staining with Trypan blue dye (Fig. 9.1b).
These could be located centrally or eccentrically
and may be discrete or confluent covering almost
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the entire capsule. On ultrasound biomicroscopy
(UBM), both anterior and posterior capsular
plaque is easily visible as hyperreflective area
(Fig. 9.1c, d).

Based on the area of anterior capsule involved,
ACF is classified as [1]:

Small (0.1 mm?)
e Medium (0.1-0.3 mm?)
e Large (>0.3 mm?)

9.1 Incidence
Johar et al. found anterior capsular plaque in
11.5% of congenital cataracts [1]. Wilson reported
6% incidence of anterior capsular fibrosis in con-
genital cataracts [2]. The occurrence of anterior
capsular plaque was more common in mature cata-
racts, three times more than other type of cataracts
like nuclear, lamellar and mixed cataract [1].
Posterior capsular plaque was seen in 13.4%
in congenital cataract [3] as compared to 10.1%
in age related cataracts [4], mostly in total white
cataracts [3, 4].

9.2 Pathophysiology

Human crystalline lens is highly organised struc-

ture. It consists of lens epithelial cells (LEC) and
fibres secreted by these epithelial cells and cap-
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Fig. 9.1 (a) Congenital cataract with anterior capsular
plaque. (b) Congenital cataract with anterior capsular
fibrosis prominently visible after staining with Trypan
Blue dye. (¢) UBM showing hyperreflective anterior cap-

sule. The capsule is formed by secretion of
LEC. It is the basement membrane of LECs,
which predominantly consists of type IV colla-
gen with minor contributions of type I collagen,
type III collagen, fibronectin, laminin, and sul-
fated glycosaminoglycans [5]. LECs are regu-
larly arranged beneath the capsule and their
nuclei were uniformly placed in the cells. LECs
are cuboidal beneath anterior capsule and colum-
nar in equatorial region. The LECs in the cata-
racts are having faintly stained cytoplasm. Their
nuclei are heterogenous in the shape and size and
are located unevenly [1].

The anterior lens epithelium obtained from
eyes having cataract with ACF had two distinct
regions: nonplaque and plaque region. The non-
plaque region had LECs which were similar to
the LECs of samples obtained from nonplaque
cataract samples, such as faintly stained cyto-

sule suggestive of anterior capsular plaque. (d) UBM
showing hyperreflective posterior capsule suggestive of
posterior capsular plaque

plasm, heterogeneity in the shape and size of
nuclei.

Plaque region shows lesser number of cells
positive for a-SMA (smooth muscle actin) with
abundance of collagen fiber particularly of type
I collagen. This shows trans-differentiations of
epithelial cells into myofibroblast called as epi-
thelial ~ mesenchymal  trans-differentiation
(EMT) [6-9]. Myofibroblast cells under the
influence of TGF-B undergo mitotic prolifera-
tion with accumulation of fibroblastic material
in extracellular matrix which leads to formation
of distinct opaque region called plaque [6,
10-14].

Pathophysiology of plaque formation is same
in both anterior and posterior capsule. Posterior
capsular plaque formation more common because
of association with anterior vitreo-lenticular
interface dysgenesis [15].
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9.3  Surgical Management
Continuous curvilinear capsulorhexis is manda-
tory for a successful cataract surgery with IOL
implantation in pediatric cataracts [16].

The rhexis in pediatric cataract is tricky due to
the increased elasticity of capsule in young age,
positive vitreous pressure and also the lower
scleral rigidity which adds to the surgeon’s mis-
eries [16, 17].

Now in cases with fibrosis of the capsule, it is
difficult to perform rhexis and thus there is need
to modify techniques which will be dealt in this
chapter.

Anterior capsulorhexis—Staining with trypan
blue dye is required in all cases of cataract with
anterior capsular fibrosis. After staining, anterior
chamber is filled with heavy molecular weight
OVDs (Healon GV) to flatten the anterior cap-
sule. Capsulorhexis is done according to the size,
location and extent of anterior capsular plaque.

1. Small capsular plaque not extending in
periphery (<3 mm)—Capsulorhexis is done
around the plaque, keeping the size of capsu-
lorhexis at least 4-5 mm (Fig. 9.2).

2. Central capsular plaque (3-5 mm)—
Capsulorhexis was done around the plaque,
either continuous curvilinear as explained
(Fig. 9.3) or by push—pull technique (Fig. 9.4).

Push—pull technique of capsulorhexis—It
was first performed by Nischal [18] in human
and later by Hamada and colleagues [19]. It
was two incisions push—pull technique. Later,
Mohammadpour introduced four incisions
push—pull technique.

Two incisions push—pull technique—A
stab incision is made on the capsule at the
junction of the fibrous plaque and the clear
capsule of lens with 26 G bent cystitome or
MVR. The inner margin of flap is grasped
with capsulorhexis microforceps and centrip-
etal force is applied. When the anterior cap-
sule has been folded almost halfway onto

itself, the pulling is stopped and another inci-
sion is made at the diametrically opposite
margin of the plaque. Again, the flap is pulled
toward the center with the help of microfor-
ceps until the tear meets at both ends, result-
ing in a continuous capsulorhexis.

Four incisions push—pull technique—Four
stab incisions of 1-1.5 mm size is made at the
junction of fibrotic and non-fibrotic area of
anterior capsule with 26 G bent cystitome.
The inner margin of flap is grasped with cap-
sulorhexis microforceps and pulled centripe-
tally. All the four flaps were joined together to
complete the rhexis.

According to authors, if the fibrosis is
severe then more than four stab incisions can
be made on anterior capsule. Oval capsu-
lorhexis or extension of capsulorhexis is major
drawback of this procedure. Authors do not
recommend this technique if the plaque is
irregular in shape and size of more than 6 mm
and if any tail-like extension to the periphery
is present.

3. Anterior eccentric capsular plague (<5 mm)—
In this scenario, authors recommend to com-
plete the rhexis by opting partial rhexis and
partial cutting. A stab incision is made with
26 G bent cystitome on anterior capsule away
from the fibrotic part. Rhexis is done in non-
fibrotic part with capsulorhexis forceps or
microforceps. In fibrotic part, rhexis is done
by cutting fibrotic anterior capsule with
micro-scissors (Fig. 9.5).

4. Anterior capsular plaque >6 mm or irregular
plaque >5 mm—1In this case scenario, authors
recommend to complete the rhexis by cutting
the anterior capsule with micro-scissor all-
around after stab incision with 26 G bent cys-
titome or MVR (Fig. 9.6). Vitreorhexis is
another option in such cases.

Vitreorhexis—In this method, the rhexis is
done using the vitrector with the slow cut rate and
high infusion rate [20, 21]. The advantage of this
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Fig 9.2 (a) Anterior capsule nick was given with 26 G done covering the capsular plaque. (e, f) Figure showing
bent cystitome. (b—d) Root of the capsular flap was final capsulorhexis size before and after lens aspiration
grasped with utrata capsulorhexis forceps and rhexis was
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Bthexis outside the plague

Fig. 9.3 Anterior capsular plaque of more than 3 mm but less than 5 mm rhexis around the plaque done with the help
of 26 bent cystitome and 23 G Alcon forceps (a—e). (f) Final rhexis size visible clearly after lens aspiration

technique is that anterior capsulotomy, lens aspi-
ration, posterior capsulotomy, and anterior vit-
rectomy can be done sequentially with the same
instruments, avoiding repeated entries and exits
of instrument into and out of the anterior cham-
ber and thus minimizing the occurrence of
mechanical injuries to the eye.

Plasma blade—Plasma blade also known as
Fugo blade after the inventor, can also be used to
do anterior capsulotomy. It is an electrosurgical
device that uses pulses of plasma which are gen-
erated around its tip to cut and cauterize tissue in
liquid medium (Fig. 9.7). The advantage of this
technique is that it can be used to create an ante-
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Fig. 9.4 (a) Four stab incision is made 90° apart. (b—e) Inner flap of each stab incision is grasped and pulled centrip-
etally with 23 G Alcon forceps one by one till each flap joined to other flap. (f) Final rhexis size with nasal extension
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Fig. 9.5 (a) Anterior capsule stab incision is given with ~ completed by cutting the fibrotic capsule with 23 G Alcon
26 G bent cystitome. (b, ¢) Rhexis is done with 23 G  scissor. (f) Final capsulorhexis visible clearly after lens
Alcon forceps in non-fibrotic part of anterior capsule. (d)  aspiration

Stab incision is made in fibrotic part of capsule. (e) Rhexis
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Fig 9.6 (a) Stab incision is made with MVR in anterior capsule. (b—e) Capsulorhexis is done by cutting the anterior
capsule all-around with 23 G Alcon scissor. (f) Final capsulorhexis visible clearly after lens aspiration
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Fig 9.7 (a—e) Capsulorhexis is done with plasma blade. (f) Capsulorhexis clearly visible after lens aspiration
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rior capsulotomy through plaque. The disadvan-
tage of Fugo blade is formation of gas bubbles,
impairing the surgeon’s view [22].

9.4  Posterior Capsular Plaque

Management

After lens aspiration anterior chamber and capsu-
lar bag is formed with viscoelastic substance.
Always keep in mind that bag is not inflated so

much, otherwise chances of posterior capsular
tear increases. Posterior capsular plaque manage-
ment varies according to size of plaque and
whether plaque is tightly or loosely adherent to
posterior capsule.

1. Posterior capsule plaque <3mm—
Peeling of the plaque is done with the help of
26 G bent cystitome and microforceps (Fig. 9.8).
After plaque removal, inspect the posterior cap-
sular integrity. If intact make a stab incision, do

Fig. 9.8 (a) Scraping of edges of plaque is done with 26 G bent cystitome. (b—d) Edges of plaque grasped with 23 G
Alcon forceps and pulled tangentially upwards. (e) Detached plaque from posterior capsule
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capsulorhexis followed by anterior vitrectomy
both according to age of the child.

If posterior capsule is ruptured and small in
size, then one can proceed with capsulorhexis
followed by anterior vitrectomy.

If the plaque is tightly adherent to the pos-
terior capsule during peeling, make a stab
incision in clear part of posterior capsule and
do capsulorhexis covering the plaque.

2. Posterior capsule plaque 3-5 mm—If the

plaque is loosely adherent, peeling of the
plaque will be done in similar manner as
explained above. If plaque is dense and tightly
adherent, make a stab incision at margin of
plaque with 26 G cystitome or MVR. Grasped
the plaque with one hand with microforceps,
complete the rhexis by cutting all around it by
micro-scissor (Fig. 9.9).

Fig 9.9 (a-d) Densely adherent plaque removed with the help and microforceps and micro-scissor. (e) Clear media
with visible rhexis margin
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3. Posterior capsule plaque >5 mm—Make cen-
tral opening with MVR and use vitrector to
create opening with a 0.5 mm rim left around
the plaque

Surgical challenges

(a) You can use push—pull technique after mak-
ing 4 nicks 90° apart and pull and push each
to get a rhexis around the fibrotic area.

(b) Needs rhexis at normal rhexis area and cut-
ting through fibrosis using intra vit scissors.

(c)Needs cutting with scissors after making a

stab entry using MVR using all three ports.

These challenges are discussed and shown in
detail in the videos of this chapter (Videos 9.1,
9.2,9.3,9.4,9.5 and 9.6).
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10.1 Introduction

Preexisting posterior capsular defect (PCD) is a
rare entity associated with congenital cataracts.
This unique condition requires special surgical
considerations for satisfactory outcomes. The
incidence varies from 2% to 6.7% [1, 2] and it is
more commonly reported in developing world.
Preexisting PCD includes congenital cataract
associated with a defect in posterior capsule
which may or may not be associated with fibrosis
[3]. Trauma is excluded from this terminology
and in this chapter PCD refers to congenital
PCD. This entity was first published by Vajpayee
et al. in 1992 [4]. PCD may be associated with
posterior capsular plaque, dense posterior, nuclear
or total cataract [2, 3]. Posterior polar cataracts is
a unique morphology which may be associated
with localized posterior capsular defect; but they
generally present in adulthood [5, 6].
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10.2 Pathogenesis

The pathogenesis of PCD is not completely
understood. Various theories have been put for-
ward. It has been hypothesized that PCD starts as
posterior lenticonus/lentiglobus, which may later
progress to a full thickness defect [7]. Posterior
lenticonus may result secondary to traction
caused by remnants of hyaloid vasculature. This
has been supported by reports of association of
posterior lenticonus with persistent fetal vascula-
ture (PFV) in both unilateral and bilateral cases
[8, 9]. Other theory for formation of posterior
lenticonus include thinning of the posterior cap-
sule which has been supported by histopathologi-
cal evidence [10]. Role of genetics has been
identified in bilateral cases [11]. Overall, there is
a defect or weakness in the posterior capsular
wall and this breach is the primary defect leading
to cataract formation.

Once the integrity of posterior capsule is com-
promised, clear crystalline lens fibers come in
contact with the fluid in Berger’s space. This
leads to hydration of lens proteins and opacifica-
tion of lens ensues. The cataract may range from
only posterior localized area to the whole lens.
Afterwards, the lens absorption and posterior
migration starts. In early stage, there may be only
slight decrease in lens volume with localized cat-
aract. In late stages, the lens may be partially or
full absorbed.
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In some cases of PCD, there may be a healing
response seen which may try to close the defect.
According to the theory of cicatrization, hyalo-
cytes, and equitorial lens epithelial cells (LECs)
migrate and proliferate leading to formation of
posterior capsular plaque [12, 13]. This may be
incomplete or complete, which determines the
type of PCD as discussed in the subsequent
section.

10.3 Clinical Presentation

The presentation in pediatric cataract associated
with PCD is similar to any other congenital cata-
ract. It is easy to miss by the caregivers at an early
stage due to its posterior location. A history of
rapid progression of whitish opacity by the
mother or caregiver may provide a hint toward
the diagnosis.

It may be difficult to diagnose PCD in undi-
lated pupil with a torch examination in a small
child. A dilated slit lamp examination may help
in picking subtle but key signs for diagnosis. A
similar examination can be performed using
direct ophthalmoscope for a small baby and fur-
ther details may be elicited during examination
under anesthesia using microscope. The step
wise examination in a fully dilated pupil should
include the following:

e Anterior chamber depth (ACD): Unusually
deep anterior chamber should raise a suspi-
cion of posterior capsular opening or partially
absorbed cataract.

e Anterior capsule curvature: Flat or concave
anterior capsule is generally observed with
PCD. There may be wrinkling of anterior cap-
sule in cases with more severe cicatricial
response.

* Morphology of cataract: Variable morphol-
ogy of cataract has been noted with PCD. It
may be localized posterior, posterior cortical,
posterior polar, dumbbell shaped, total, or
membranous cataract.

C.Dhull and S. K. Khokhar

* Presence of vacuoles in the vicinity of cataract
may be suggestive. In addition, lens thickness
is generally reduced.

* Posterior capsular assessment: Well-defined
defect in posterior capsule may be seen, could
be any shape but spindle shape is the common-
est in our experience. In rare cases, there may
be association of persistent fetal vasculature.

e Assessment of anterior vitreous: Two spe-
cific signs may be seen and are regarded as
highly indicative of PCD.

— Fish tail Sign: As seen in cases of Posterior
polar cataract and PCD is indicative of
breach in posterior capsule. It is exagger-
ated by eye movements [1].

— White dot sign: Presence of white dots on
the posterior capsule and/or in the anterior
vitreous [1] is highly suggestive of PCD
(Fig. 10.1).

10.4 Classifications

Zhangliang Li [3] et al. have classified PCD after
removal of cataract in three types. In type I, a
large defect with cortex sinking in the anterior
vitreous is seen, as observed in 38.1% in their
study. In type II, a cluster of fibrotic spots are

Fig. 10.1 Congenital cataract with tell-tale signs of
PCD. Deep AC, white dot sign is seen along with well-
defined spindle shaped PCD
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seen in posterior capsule, as observed in 47.6% in
their study. Type III has concurrent PFV (14.3%)
[3]. This classification system is based on the
theory of cicatrization.

10.4.1 Surgical Classification

We have proposed an alternate classification
of PCD [14] which is based on the surgical
approach required for appropriate management.
Classification of PCD is shown in Table 10.1.
We will discuss in detail, the surgical approach
for type 1 and type 2. Type 3 is discussed in detail
with management of fibrotic plaques (Chap. 9).

10.5 Investigations

10.5.1 Ultrasonography

Ultrasonography (USG) should be performed to
rule out PFV which is a known association with
PCD [3]. Tabatabaei et al. have described the role
of 20 MHz USG for evaluation of posterior capsule
in traumatic cases [15]. There are isolated reports
of using 10 MHz probe USG in lateral longitudinal
axis for detection of posterior capsular defect [16].
Although not as precise, USG probe can detect
large defects especially in cases of posterior dis-
placement of lens matter in anterior vitreous.

10.5.2 Ultrasound Biomicroscopy

In cases of diagnostic difficulty, ultrasound
bimicroscopy (UBM) with 35 MHz should be

Table 10.1 Classification of preexisting PCD [14]

Type | Well-defined defect, with sharp edges and
1 minimal fibrosis (Fig. 10.2)
Type | Circular or regular defect with fibrosis

2 (Fig. 10.3)
Type | Posterior capsular plaque where the defect is
3 sealed (Fig. 10.4)

Fig. 10.2 Intraoperative picture of Type 1 PCD, notice
the spindle shape, sharp edges and lack of fibrosis

K

.

Fig. 10.3 Type 2 PCD with fibrosed margins

performed for confirmation. Signs of PCD are
enhanced and discontinuity in posterior capsule
is generally visible (Fig. 10.5). Lens thickness is
significantly reduced. It can be helpful in subtle
presentations where partially absorbed cataract
is visible but other clinical signs are absent.
Very small PCD can also be visualized with
UBM (Fig. 10.6). Other than that, biometric
parameters such as lens thickness, vitreous
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Fig. 10.5 UBM of a 2 month baby with congenital cata-
ract showing large PCD and lens matter in anterior vitre-
ous cavity

chamber depth and corneal diameter may help
in prediction of PCD [3].

10.5.3 Anterior Segment Optical
Coherence Tomography

Anterior Segment Optical Coherence tomogra-
phy (ASOCT) can be useful in older children
especially in cases of posterior polar cataract
where defects may be minute. Due to higher res-
olution, in such cases, ASOCT can detect these
defects preoperatively [17].
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Fig. 10.6 UBM of a child with partially absorbed cata-
ract showing anterior and posterior capsular plaque with
small defects and lens matter in Berger’s space. Also
notice the increase in anterior chamber depth and decrease
in lens thickness

10.6 Management

Most cases with PCD are rapidly progressive
and associated with significant cataract. They
require early cataract surgery to prevent ambly-
opia from setting in. In some cases such as pos-
terior polar cataract, visually insignificant
cataract may be seen. These children can be fol-
lowed up regular with adequate refractive
correction.

10.6.1 Surgical Management

Apart from the usual standard surgical steps for
pediatric cataract surgery, certain precautions
should be taken. Figures 10.7 and 10.8 will aid in
better understanding of the below mentioned
points. We would highlight step wise care to
ensure successful surgical outcome:

10.6.2 Incisions

Small paracentesis should be made. Main incision
can be avoided in the beginning. This provides
tighter chamber and prevents wound leak which
can potentially extend pre-existing PCD.
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Fig. 10.7 Surgical steps in a case of total cataract pre-
existing PCD. (a) Callisto ring of 5 mm size is used to
ensure capsulorhexis size. (b) ACCC is performed using
microincision forceps. (¢) Lens aspiration is performed
with bimanual irrigator and aspirator. (d) PCD is visible

following lens aspiration, notice a faint PFV stalk in the
superior field. (e) Anterior vitrectomy is performed. (f)
PCCC margins are more clearly visible. (g) PCIOL is
places in bag using safe technique. (h) Final lens stability
during viscoelastic removal
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Fig. 10.7 (continued)

Fig. 10.8 Surgical steps in partially absorbed cataract rior vitrectomy in cut IA mode with same vitrectomy
with large PCD. (a) Preoperative image showing absorbed  probe. (¢) PCD visible following vitrectomy. (d) PCIOL is
cataract and white dot sign. (b) Following ACCC, Lens placed in sulcus with optic capture due to large PCD
aspiration is performed in IA cut mode followed by ante-
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10.6.3 Anterior Chamber (AC)

AC has to be maintained throughout the surgery.
Heavy ophthalmic viscosurgical devices (OVDs)
can be used to maintain the chamber.

10.6.4 Anterior Capsulorhexis

We prefer to perform anterior capsulorhexis
(ACCC) from microincision forceps in such
cases. It has a twofold advantage. First, it can be
used via a small incision has provides greater
chamber stability. Also, anterior chamber is usu-
ally deep in cases of PCD. Microincision forceps,
being longer compared to Utrata’s forceps, helps
in easier access to anterior capsule; without dis-
torting the surgical wounds.

10.6.5 Hydro Maneuvers

Hydrodissection is avoided to prevent PCD exten-
sion and lens matter drop in vitreous cavity.

10.6.6 Lens Matter Removal

During lens matter removal, lower flow rate
and IOP settings are used. A bimanual tech-
nique is preferred due to better control and
small incision size. Slow removal can be per-
formed. Generally vitreous is well formed in
children and whole lens matter can be removed
with ease.

We use 23 gauge vitrectomy cutter for irri-
gation and aspiration (IA) instead of the con-
vention bimanual probes. This can be used in
IA cut mode for lens matter removal and
switched to cut IA mode for anterior vitrec-
tomy. This reduces manipulation and chamber
fluctuation while insertion and removal of

instruments. Localized anterior vitrectomy can
be completed.

10.6.7 Posterior Capsule Management

Posterior capsule management depends on type
of PCD.

In type 1, margins of PCD are sharp and not
fibrosed. If PCD is small, attempt can be made to
convert the defect into posterior capsulorhexis
(PCCCQ). Care has to be taken to not overfill the
chamber and avoid filling the bag. IOL can be
implanted in the bag in such cases with safe tech-
nique [18]. In larger defects, this may not be
possible and hence IOL can be placed in the such
cases with or without capture.

In type 2, PCD capsular margins are fibrosed
and hence IOL can be placed in the bag with sim-
ilar technique. We should ensure central 3 mm
opening in these cases.

In type 3, where there is capsular plaque, vari-
ous techniques are available. They are discussed
in depth in the respective chapter.

10.6.8 Anterior Vitrectomy

After initially performing vitrectomy, it is gener-
ally not required after posterior capsular maneu-
vering. If required, it can be performed before
IOL implantation. Triamcinolone can be used to
improve visualization.

10.6.9 IOL Implantation

IOL need to be implanted with caution either in
the bag or sulcus depending on the suitability.
A circular, 5 mm anterior capsulorhexis is the
key in these cases for successful IOL implanta-
tion. Most cases achieve good surgical out-
comes [1, 2].
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10.7 Visual Rehabilitation

Visual rehabilitation in such cases is similar to
congenital cataract cases. Additional inflamma-
tion is not expected in such cases unless associ-
ated with PFV. Refractive correction along with
amblyopia therapy as per requirement can per-
formed for these children.

10.8 Conclusion

We would like to conclude preexisting PCD as a
unique association with congenitial cataract.
Diagnosis is essential as these present with surgi-
cal challenges. Clinical signs can provide hint to
the diagnosis in most cases while additional
investigation such as UBM may be required in
some subtle cases. Careful surgery can help in
preventing inadvertent complications and attain
good outcomes.
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11.1  Introduction

Persistent Fetal Vasculature (PFV) is a congenital
anomaly of the eye resulting from failure of the
embryological, primary vitreous, and hyaloid
vasculature to regress [1, 2]. Cloquet reported it
for the first time as early as 1818 [3]. It was
named persistent hyperplastic primary vitreous
(PHPV) based on the embryology and origin and
described in detail by Reese in 1955 [1]. This
term was used for a long time till Goldberg intro-
duced the term persistent fetal vasculature or
PFV combining the anterior, posterior, and mixed
presentation to the terminology [3]. This is a
more inclusive term and is currently the most
accepted terminology for the condition.

PFV may be present as congenital cataract or
leukocoria. It may involve some or all the compo-
nent of hyaloid and fetal vasculature. Based on
the structures involved, it can be classified as
anterior, posterior, or combined variety. The sur-
gical management and prognosis depend on the
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structures involved by this anomaly. It is usually
unilateral but may be bilateral in rare cases [4].

11.2 Pathogenesis

During intrauterine life, the fetal vasculature is
important for development of iris, lens, vitreous
and retina. The vascular system comprises of
three parts: vasa hyaloidea propria (VHP) or hya-
loid vessels in vitreous, tunica vasculosa lentis
(TVL), or hyaloid vessels covering posterior sur-
face of lens and anterior pupillary vessels cover-
ing anterior surface of the lens which anastomose
with TVL. These vessels start to grow in first
month of gestation and begin to involute by
5 months of gestation via the process of apoptosis
[5, 6]. These vessels usually disappear com-
pletely by birth leaving behind an acellular hya-
loid canal called Cloquet’s canal [2, 3, 5]. Any
abnormality in the involutional process can result
in partial or complete failure of vascular regres-
sion. This causes different clinical presentations
ranging from mild to severe; anterior, posterior or
combined variety.

Cause for the abnormality in regression of
fetal vasculature is not completely understood
[7]. Most cases are sporadic in nature [1, 2, 7].
Some have been reported to be associated with
genetic abnormalities, but no specific locus has
been identified in humans [8]. In animal models,
gene mutations have been documented in bilateral
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PFV [9, 10]. In the current literature, various ani-
mal models have been used to study the role of
angiogenic and antiangiogenic factors [6, 11-13].
Vascular endothelial growth factor (VEGF) and
placental growth factor (PGF) have been reported
to have a regulatory role in involution of hyaloid
vessels [13]. An association of PFV has been
reported in p53-deficient and Bax/Bak proapop-
totic Bcl-2-deficient mice [14]. This suggests a
disturbance in proapoptotic, and antiapoptotic
factors may have an influence in pathogenesis of
PFV.

11.3 Clinical Presentation

PFV presents with a wide spectrum of presenta-
tion [15, 16] (Table 11.1). Anterior presentation
may involve presence of pupillary membrane,
Mittendorf dot, cataract, vessels over lens,
enlarged ciliary processes, glaucoma, and/or ret-
rolental membranes. Posterior presentation may
contain Bergmeister papilla, stalk of PFV, falci-
form fold and/or retinal detachment. Combined
variety, which contains the combination of the
two, is the commonest presentation (Fig. 11.1).

Following are the important clinical presenta-
tion of PFV:

11.3.1 Anterior Presentation
11.3.1.1 Persistent Pupillary

Membrane (PPM)

PPM is considered a mild presentation of anterior
PFV where anterior TVL fails to regress. Most
cases have a small PPM with no visual implica-
tions. In some cases, it may be vascularized and
associated with other abnormalities such as ante-
rior pyramidal cataract [17] or capsular plaque,

Fig. 11.1 Mixed variety of PFV with PPM, central cata-
ract and stalk of PFV seen on the left

Table 11.1 Classification of PFV on the basis of clinical presentation [15, 16]

Combined PFV

¢ Vitreous membranes and stalk

Tractional retinal detachment

* Hypoplastic optic nerve
Dysplastic optic nerve
» Pigment maculopathy

Anterior PFV Posterior PFV
Clinical ¢ Microphthalmia ¢ Microphthalmia
presentation * Leucocoria * Leucocoria
* Shallow anterior » Mittendorf Dot
chamber
* Persistent pupillary » Bergmeister papilla
membrane * Retinal fold
e Cataract .
* Elongated ciliary of posterior pole
processes
 Retrolental fibrovascular | e
membrane
e Intralenticular * Hypoplastic macula
hemorrhage e Clear lens
¢ Chronic inflammation * Strabismus
¢ Glaucoma
e Strabismus
 Ectropion uvea
* Coloboma Iridis

Clinical features from both
anterior and posterior PFV
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aniridia [17] or posterior stalk of PFV. If cataract
is visually significant, surgery may be required.

In severe cases of PFV (Fig. 11.2), visual acuity
may be affected. It can cause changes in the capsu-
lar curvature and lead to lenticular myopia. If
visual acuity is significantly affected, surgery may
be required. Lim et al. [18] reported surgical inter-
vention in five eyes with PPM. They recommended
the use of vitrectomy scissors instead of Vannas
scissors for removal of PPM. After 22.6 months of
follow up, no complication was reported, and
visual acuity improved in 60% cases [18].

11.3.1.2 Cataract

PFV is considered one of the most important
cause for unilateral cataract across the world,
although it may cause bilateral cataract as well.
The incidence of PFV in unilateral cataract var-
ies. We detected PFV in 27.6% cases of unilat-
eral cataract and it was the most common
identifiable cause [19]. Unilateral cataract asso-
ciated with microphthalmos should raise suspi-
cion of PFV [20].

Morphology of cataract may vary from poste-
rior capsular plaque, partially absorbed cataract
or total cataract. Posterior capsular plaques have
been hypothesized to develop from regressing
hyaloid vasculature which may or may not be
associated with stalk of PFV [21]. Posterior cap-
sular plaque may be the remnant of the strong

.-*

.
Fig.11.2 PPM seen in association with minimal lamellar
cataract

adhesions formed by capsule and hyaloid vessels
which regress later [21]. Posterior lenticonus has
also been hypothesized to have causal association
with PFV [22].

Associated features of PFV should be looked
for in all cases of unilateral cataract. Significant
cataract associated with combined or anterior
PFV requires surgical intervention [23]. Since
surgical intervention is more difficult and requires
additional instrumentation, timely clinical diag-
nosis is important.

11.3.1.3 Enlarged Ciliary Processes
Prominent and elongated ciliary processes may
be associated with cataractous lens or retrolental
membrane. They may result from traction caused
by contraction of the fibrovascular membrane.
Prominent ciliary processes can be visualized
following pupillary dilatation. They are consid-
ered a telltale sign of PFV (Fig. 11.3).

11.3.2 Posterior Presentation

11.3.2.1 Mittendorf Dot

This is also a mild presentation of PFV where
there is near completer regression hyaloid artery,
only a small white dot or cone is left on posterior
capsule or just behind it. It is generally slightly
nasal to the visual axis and is visually insignifi-
cant. It may be seen in 0.7-2% of the normal
population [5, 23].

.

N\

Fig. 11.3 Anterior variety of PFV with enlarged ciliary
processes
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11.3.2.2 Fibrovascular Membrane
Retrolental fibrovascular membrane has been
described in literature as an important sign of
PFV by Reese in 1955 [1]. It is considered the
remnant of posterior TVL and may vary from
small thin membrane to complete membrane cov-
ering posterior surface of the lens. The lens may
be clear and this membrane may be the cause of
leukocoria in children. This is not pathognomic
of PFV and may be seen in retinopathy of prema-
turity or retinal detachment [24].

11.3.2.3 Persistent Hyaloid Artery

The fetal hyaloid artery lies within the Cloquet
canal and regresses around the seventh month of
gestation. If it persists, a stalk may be seen aris-
ing from the disc to behind the lens (Fig. 11.4).

11.3.2.4 Bergmeister Papilla

Refers to remnant of hyaloid artery to disc
and can be seen as fibrovascular tuft at disc. It
may be associated with other disc or macular
abnormalities.

11.3.2.5 Tractional Detachment

PFV may be associated with congenital tent
shaped detachment of retina where it may adhere
to lens or ciliary body. If the detachment is severe,
visual prognosis is poor.

Fig. 11.4 Stalk of hyaloid artery remnant seen intraop-
eratively using wide angle viewing system
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11.3.3 Associations

PFV may be associated with retinal folds, optic
disc hypoplasia, macular hypoplasia, anterior
segment dysgenesis, lens subluxation, ocular col-
oboma, etc. [25-30] These are relatively rare as
compared to the other features of PFV. Systemic
association include cleft palate and lip, polydac-
tyly, and microcephaly [31]; and trisomy 13 [2].

11.3.4 Complications

PFV is associated with arrest in the normal of growth
of eye ball and is usually associated with microph-
thalmia [15, 16]. Secondary glaucoma is a common
sequalae to untreated PFV. This may be associated
vitreous hemorrhage, hyphema, corneal edema and/
or buphthalmos [32, 33]. These complications can
occur suddenly and may result in eventual phthisis
bulbi or painful blind eye. In the past, even in eyes
with very poor prognosis, surgery has been recom-
mended to avoid these complications [34].

11.4 Investigations
Diagnosis of PFV solely bases on clinical find-
ings, may be challenging. A high suspicion of
PFV should be kept in all cases with unilateral
cataract. A differential diagnosis of leukocoria
should be kept in mind when differentiating PFV
from other entities (Table 11.2).

The following investigations are useful in con-
firming the diagnosis of PFV:

11.4.1 Ultrasonography (USG)

Ultrasonography needs to be performed in all
cases of leukocoria where fundus is not visible. It
is a noninvasive and inexpensive tool which can
be useful in diagnosis of PFV. USG has been use-
ful in diagnosis PFV and ruling out mass lesions
such as retinoblastoma [35, 36]. Depending on
the presentation, USG may show a thin stalk of
remnant hyaloid vessel in the vitreous cavity
between the disc and posterior lens capsule
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Table 11.2 Differential diagnosis of leukocoria [15, 20, 23]

Retinoblastoma

Coat’s disease

Familial exudative vitreoretinopathy
Retinopathy of prematurity
Norrie’s disease

Ocular toxocariasis

Retinal dysplasia
Incontinentia pigmenti
Uveitis

Congenital cataract

Fundal coloboma

Juvenile xanthogranuloma
Mpyelinated nerve fibers
Endopthalmitis

Fig. 11.5 USG picture showing hyperechoic stalk seen
attached from disc to posterior surface of lens

(Fig. 11.5). USG may reveal presence or absence
of retinal detachment. Although effective, sensi-
tivity ranges from 70 to 80% [20].

11.4.2 Ultrasound Biomicroscopy
(UBM)

UBM is particularly useful in cases of anterior pre-
sentation or combined presentation. Lens may be
swollen or partially absorbed with prominent and
enlarged ciliary processes (Fig. 11.6). In some
cases, a stalk attached to posterior capsule may also
be visible.

11.4.3 Color Doppler Imaging

It can detect a stalk of PFV based on the flow
[37]. It can also differentiate between arterial or
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Fig. 11.6 UBM showing swollen anterior lens with pos-
terior capsular plaque and enlarged and centrally dis-
placed ciliary processes

Fig. 11.7 Color Doppler of a 1 year old child suggestive
of arterial blood flow in the stalk

venous flow (Fig. 11.7). It is not useful in avascu-
lar cases or cases with no flow.

11.4.4 Magnetic Resonance Imaging
(MRI)

MRI is considered highly sensitive and specific
for diagnosis for PFV [38—40]. It is more expen-
sive and may require anesthesia or sedation for
the child to be performed accurately. Sensitivity
is almost 100% (Fig. 11.8).

Computerized Tomography (CT scan) have
also been reported as diagnostic tool [39]. It helps
in ruling out more severe differential diagnosis
such as retinoblastoma.
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Fig. 11.8 T-2W image of MRI of a 3 month old baby
showing left eye smaller in size with hypointense stalk
attached from disc to lens confirm PFV

11.5 Management

Historically, surgery was indicated to primarily
avoid severe complications such as secondary
glaucoma, buphthalmias, painful blind eye or
phthisis bulbi with guarded to nil visual progno-
sis [1, 2, 31, 41, 42]. With time there have been
advances in the surgical technique which has
improved the anatomical and functional out-
comes to a certain extent [43—46]. Surgery can be
performed via anterior or posterior approach.
Each has its merits and demerits.

11.5.1 Anterior Approach

Anterior approach has been commonly utilized
by congenital cataract surgeon for management
of PFV [31, 43]. It has certain advantages over
posterior approach. IOL implantation can be per-
formed with this method in the same surgery
allowing better visual rehabilitation and cosmetic
results [43]. This technique provides better visu-
alization of small bleeders on the posterior cap-
sule which can be tackled better. Salmon patch
sign has been described to identify PFV in cases
of posterior capsular plaque [47]. Intraoperatively,

Fig. 11.9 Intraoperative image of anterior PFV where
vessels are being cauterized using diathermy

appearance pink hue on the plaque suggests leak-
ing vessels, which can help in diagnosis of a pre-
viously missed PFV.

The principle of PFV surgery, in addition to
providing clear media, is achieving hemostasis.
In addition to the usual steps performed for con-
genital cataract surgery including lensectomy
with anterior vitrectomy, additional steps are
required to avoid intraoperative bleeding.

After making 2 MVR entry, 180° apart,
ACCC and lens aspiration are performed as
usual in cases with posterior capsular plaque. In
absorbed cataract, there may be a vascularized
membrane. Hemostasis is achieved by a variety
of maneuvers before cutting the plaque or vas-
cularized membrane. Heavy viscosity OVD is
used and IOP is maintained/increased through-
out surgery.

Additional instruments may be required to
manage vascular component. Diathermy is an
easily available instrument which can be used
to coagulate the blood vessels (Fig. 11.9).
Following this, a microincision scissors and
forceps can be used for removal of plaque.
Caution is required while cutting plaque as
stalk of PFV may be present underneath. If
stalk is present, it needs to be cauterized before
cutting the anterior end. Following hemostasis,
stalk is allowed to fall back and anterior vitrec-
tomy can be performed.
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Plasma knife or Fugo blade is an ingenious
alternate to diathermy [48]. The plasma knife
(Fugo blade) is a radiofrequency electrosurgical
incising instrument that uses electromagnetic
energy to perform cutting and provides non-
cauterizing hemostasis called “autostasis” [48,
49]. The advantage of this technique is no heat
production and minimal damage to adjacent tis-
sue. Figure 11.10a—d shows the steps of surgery
where after lensectomy, vascular stalk is visible.
The posterior capsular plaque with attached stalk
is cut using plasma knife (Fugo blade) avoiding

I AR

Fig. 11.10 (a) Fugo blade is used to cut the posterior
capsule along with PFV stalk. (b) After hemostasis, stalk
is cut with microincision forceps. (¢) Stalk seen falling

inadvertent bleed. Afterward, the stalk is cut with
microincision forceps. We can see finally we are
left with intact rim of sulcus for placement of
IOL.

11.5.2 Posterior Approach
It is commonly employed by retinal surgeons.
The advantage of this technique is if associated

vitreous hemorrhage, vitreous membranes, reti-
nal folds or retinal detachment is present, it can

A

back. (d) After anterior vitrectomy, rim of sulcus is intact,
IOL can be placed
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be managed simultaneously. The disadvantage
includes reduced feasibility for IOL implantation
and requirement of vitreoretinal setup.

Two pars plana ports are made and lensec-
tomy is performed starting from a stab in the pos-
terior capsule. Following lensectomy, opening
can be made of adequate size in anterior and pos-
terior capsule. If bleeders are encountered, dia-
thermy can be performed [50]. If thick plaque or
membranes are encountered, intravitreal scissors
can be used to cut the membranes [50]. A third
port for illumination can be placed for associated
retinal pathology. Prognosis is usually poor in
cases of extensive retinal abnormalities.

11.6 Prognosis

Favorable outcomes may be achieved in children
with PFV by early intervention followed by
aggressive amblyopic treatment [43-46, 51].
Hunt et al. [34] found visual acuity of 6/60 or bet-
ter in 18% of eyes with PFV in a long-term fol-
low-up. Early surgery before 77 day was
identified as good prognostic marker. Anteby
et al. [43] found visual acuity of 20/200 (6/60) or
better in 25% of the eyes. They implanted IOL in
30 eyes for better visual rehabilitation and found
visual acuity of 20/50 or better in 20% and 20/200
or better in 33.3% eyes. Sisk et al. [52] found
posterior manifestations of PFV, bilaterality, and
microphthalmos were associated with poorer
visual outcomes. They also compared the out-
comes of limbal and pars plana approach and
found similar visual and anatomical outcomes.

Outcomes remain inferior compared to other
children with unilateral cataract without PFV. It
may be due to higher percentage of complica-
tions including glaucoma, visual axis opacifica-
tion, vitreous hemorrhage, and retinal detachment
[43, 44, 53, 54].

11.7 Conclusion

PFV is a congenital anomaly caused by partial or
complete failure of fetal vasculature to regress. It

commonly presents as unilateral cataract. It has
anterior, posterior or combined presentation.
Diagnosis using clinical findings and USG (MRI if
needed and available) is important as surgical
approach is different than normal congenital cata-
ract. Vascular hemostasis is required throughout
surgery, diathermy, or plasma blade can be used for
the same. Despite best efforts, visual outcomes
remain lower than most pediatric cataracts.
Nevertheless, a good surgical technique followed
by refractive correction and amblyopia therapy pro-
vides hope for useful visual and cosmetic outcome.
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Mehul A. Shah and Shreya M. Shah

12.1 Introduction
Trauma is a cause of monocular blindness in the
developed world, although few studies have
addressed the problem of trauma in rural areas.
The etiology of ocular injury likely differs from
that in urban areas and is worthy of investigation.
Any prevention strategy requires knowledge of
the cause of injury, which may enable more
appropriate targeting of resources toward pre-
venting such injuries [1, 2]. Both eye trauma vic-
tims and society bear a large, potentially
preventable burden, as ocular injury in children
has a poor prognosis [3, 4]. After introduction of
BETTS traumatic blindness understood well [5].
Children are highly vulnerable to ocular
injury, especially sports-related ocular injury
Traumatic cataracts can be an immediate, early,
or late sequel of any ocular trauma. Management
of traumatic cataract remains a challenge, in part
because each case is unique. Surgical techniques
need to be customized case by case based on
associated ocular injuries. Pediatric cataract sur-
gery is challenging and a traumatic etiology sim-
ply adds mere challenges. Such surgery in
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children should draw from both the principles of
pediatric nontraumatic cataract removal tech-
niques and the advancements in adult traumatic
cataract removal techniques. Optimum timing of
cataract surgery (duration between development
of cataract and removal of cataract) is debatable.
The timing of lens removal surgery is important
in children—not only to achieve better anatomi-
cal outcome but also to achieve better visual out-
come. Surgery too early may result in excessive
postoperative inflammation and many cell depos-
its on the intraocular lens (IOL). Surgery too late
may result in deprivational amblyopia [6-8].

12.2 Epidemiology

Cataract formation after traumatic injury is a
common cause of ocular morbidity and visual
loss. While no segment of society escapes the
risk of eye injury, the victims primarily at risk are
the young (median age 9.7 years). The majority
of all eye injuries occur in persons under 30 years
of age (57%).The toll of injury in terms of human
suffering, as well as long-term disabilities, loss of
productivity, and economic impact, can only be
imagined [9-11].

Shah et al. reported has reported to be respon-
sible for up to 29% of all childhood cataracts. At
the Drashti Netralaya, our database includes 671
eyes with traumatic cataract in children (ophthal-
mology, wjo). Boys are more frequently affected
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than girls (66% versus 35%). The majority of
traumatic cataract cases occur in children while
playing or when they are involved in sport-related
activities. Commonly implicated objects include
knives, BB guns, firecrackers, sticks thorns,
rocks, pencils, arrows, wooden sticks, thorns and
toys. Prevention of eye injuries is of utmost
importance and is the team responsibility of par-
ents, teachers, coaches, ophthalmologists, pedia-
tricians, and optometrists. The American
Academy of Pediatrics and the American
Academy of Ophthalmology published a state-
ment recommending types of protective lenses
and frames for specific sports [4, 12, 13].

12.3 Pathophysiology

1. Blunt trauma is responsible for coup and
countercoup ocular injury. Coup is the mecha-
nism of direct impact. It is responsible for the
Vossius ring (Fig. 12.1) (imprinted iris pig-
ment) sometimes found on the anterior lens
capsule following blunt injury. Countercoup
refers to distant injury caused by Shockwaves
traveling along the line of concussion. When
the anterior surface of the eye is struck bluntly,
there is a rapid anterior posterior shortening
accompanied by equatorial expansion. This
equatorial stretching can disrupt the lens cap-
sule, zonules, or both. Combinations of coup,

-y

Fig. 12.1 Vossius ring because of blunt trauma and
impression on lens (picture credits Dr Sudarshan Khokhar)

Fig. 12.2 Penetrating injury cap rupture

countercoup and equatorial expansion are
responsible for the formation of traumatic
cataract following blunt ocular injury.

2. Penetrating trauma that directly compromises
the lens capsule often leads to cortical opacifi-
cation at the site of injury. If the rent is suffi-
ciently large, the entire lens rapidly opacifies
(Fig. 12.2) When the capsular rent is small,
however, the capsule may seal and the cortical
cataract may remain localized.

12.3.1 Preoperative Evaluation
12.3.1.1 Morphological

Consideration

In the setting of traumatic cataract, the ophthal-
mologist must first “take a step back” and examine
other ocular injuries in detail. The surgeon doing
cataract surgery should be suspicious of injury to
other ocular structures. Management depends on
the degree and type of injury. Localized traumatic
cataracts (especially if not in the visual axis)
may be managed conservatively, while more sig-
nificant lens opacities generally require cataract
extraction. Similarly, capsular perforation may
be managed with observation if small and not
centrally located. Frequently, such injuries will
develop only very localized opacification of the
underlying cortex without progression to gener-
alized cataract. Morphology of traumatic cataract
may be classified into soft cataract with ruptured
anterior capsule (Fig. 12.3a—c), Total cataract
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Fig. 12.3 (a) Soft cataract-1. (b) Soft cataract-2. (c) Soft cataract-3

(Fig. 12.4a—c), Membranous cataract with fusion
of anterior and posterior capsule (Fig. 12.5a—c),
and Rossette cataract (Fig. 12.6a—c). Surgical
technique may be decided by the same [9].
Special type of morphology is also to be consid-
ered (Figs. 12.7, 12.8, and 12.9).

The initial patient evaluation is one of the
most important critical steps in the management
of any traumatic cataract. Data gathered during
this examination, to a large extent, direct further
investigations and establish immediate priorities.
One of the most important aspects of this first
examination is the description of the exact cir-
cumstances of the injury. This facilitates the
development of risk estimates for occult injuries,
such as intraocular foreign body (IOFB), chemi-
cal exposure, and posterior rupture of the globe
(Fig. 12.10).

12.3.2 Examination

Before Dilation

1. Best-corrected visual acuity (BCVA).

2. Fixation preference.

3. Pupillary reflex: Presence of afferent pupillary
defect may be indicative of traumatic optic
neuropathy.

4. Intraocular pressure (if there is no evidence of
ocular rupture).

5. Iris: Multiple small ruptures of the pupillary
sphincters are common and result in a perma-
nent traumatic mydriasis (Fig. 12.10). The
clinical evaluation should also including a
careful predilatation examination of the iris
form trans-illumination defects. If present, it
should be documented and following dilata-
tion, the underlying lens surface should also
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Fig. 12.4 (a) Total cataract-1. (b) Total cataract-2. (c¢) Total cataract-3

Fig. 12.5 (a) Membranous cataract-1. (b) Membranous cataract-2
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Fig. 12.6 (a) Rossette cataract-1. (b) Rossette cataract-2, Rossette cataract-3

| 6. Zonules: Although detect on of zonular loss
"“ is not always possible prior to pupil dila-
tion, suggestive findings include phacodo-
nesis, an increase in myopic refractive
error, abnormal peripheral lens curvature in
one or more quadrants, an abnormal light
reflex on retinoscopy, a visible lens equa-
tor, or vitreous in the anterior chamber
(Fig. 12.11).

After Dilation
1. Slitlamp examination (after pupillary dilation)
is recommended if feasible. This helps iden-
Y | tify and document the type of cataract, the
position and stability of the lens, integrity of
the lens capsule and the overall status of the
anterior segment. When slitlamp examination
be inspected for anterior capsular defect that is not possible in the awake state, it can be
indicate a penetrating injury or IOFB. done using a portable instrument in the oper-

Fig. 12.7 Siderosis bulbi
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Fig. 12.8 Chalcosis lentis

Fig. 12.9 Traumatic cataract following penetrating
injury resulting in vascularized pupillary membrane

ating room in conjunction with the examina-
tion using the operating microscope.

2. A posterior segment examination, including
examination of the retinal periphery, should
be carried out in detail if the view through the
lens allows. Posterior segment examination is
to be done using indirect ophthalmoscopy if
media is opaque. B-scan is essential for
evaluation.

3. Gonioscopy may be helpful to evaluate the
angle structures and for recognizing vitreous

Fig. 12.10 Intra lenticular foreign body

Fig. 12.11 Iridodialyses

at the lens equator or areas of loss of zonular
support.

. If planning for IOL implantation, keratometry

using hand held keratometer and A-scan ultra-
sound or optical for globe axial length mea-
surement should be attempted. Even when
corneal scarring is present, keratometry of the
injured eye should be attempted. Changes in
corneal curvature as the result of an injury will
change the IOL power needed to achieve the
refractive goal. At times the keratometry read-
ings of the fellow eye need to be used but this
will further compromise the accuracy of the
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postoperative refraction in relation to the post-
operative goal.

A guarded prognosis for anatomical and func-
tional outcome is to be thoroughly explained to
the patient and patient’s relatives. The full extent
of the eye injuries are not always known prior to
cataract surgery. It is also important to explain
about the possible need for additional surgeries
depending on the type of injury (retinal detach-
ment, keratoplasty for dense corneal scar
obstructing visual axis, etc.).

Documentation: During the examination, data
should be entered in format designed by the
International Society of Ocular Trauma (initial
and follow-up forms) [14].

Ocular trauma score is calculated for each eye
and visual outcome is compared with predicted
value. Pediatric Ocular Trauma Score is other
predictive model specifically designed for con-
sideration of amblyopia [7, 8, 15-20].

12.3.3 Timing of Surgery

The timing of traumatic cataract surgery in chil-
dren is important. Some authors have reported cat-
aract surgery at the time of primary repair. While
the development of amblyopia in children necessi-
tates prompt removal of a cataract when it devel-
ops, cataract surgery is not necessarily required at
the time of initial repair even when anterior capsu-
lar rupture is present. Cataract surgery can be
deferred while the inflammatory response is treated
with topical steroids. Advantages of secondary
cataract removal are better visibility, better IOL
power calculation, anterior segment reconstruc-
tion, and stabilization of a hemato-ocular barrier.
Shah et al. reported visual outcome is significantly
better in case of traumatic cataract if intervention
done between 2 and 4 weeks of injury [11].

All patients with injuries and without an infec-
tion were treated with topical and systemic corti-
costeroids and cycloplegics. The duration of
medical treatment depended on the degree of
inflammation in the anterior and posterior

segments of the operated eye. The operated
patients were re-examined after 24 h, 3 days, and
1, 2, and 6 weeks to enable refractive correction.
Follow-up was scheduled for day 3, weekly for
6 weeks, monthly for 3 months, and every
3 months for 1 year.

At every follow-up examination, visual acuity
was tested according to age using the AAO guide-
lines. The anterior segment was examined with a
slit lamp and the posterior segment with an indi-
rect ophthalmoscope.

12.3.4 Surgical Details

General principles of pediatric cataract surgery
should be followed. Specific differences have
been described herein.

* Anesthesia: In anticipation of difficult sur-
gery, general anesthesia is preferable even in
older children who might otherwise be coop-
erative for local anesthesia. Combination of
general and regional anesthesia is very useful
technique [21].

e Morphological consideration may be consid-
ered for surgical technique, soft cataract may
be removed by unimanual or bimanual aspira-
tion. Membranous cataract may be dealt with
pars plana lensectomy.

e Anterior capsule management: Performing the
capsulorhexis may be difficult in pediatric
traumatic cataract. Besides higher elasticity of
pediatric anterior capsule, traumatic cataracts
are often associated with ruptured anterior
lens capsule or fibrosis of the anterior
capsule.

— Preexisting opening may be used for corti-
cal clean up.

— Long-standing thick capsule may be
removed using wannas’  scissors or
vitrectomy hand piece. Synechiolysis may
be done if required.

— Small opening preexisting may be con-
verted in capsulorhexis using 23 G
forceps.
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e Posterior capsule and vitreous management:
Management of the posterior capsule depends
on the age of the patient and the status of the
posterior capsule (intact v/s torn) [8, 15, 22].
— In young patients with complex trauma,

after lens insertion primary posterior cap-
sulotomy and vitrectomy using pars plana
approach may be used.

— Staged approach (leaving behind intact
posterior capsule at the time of initial cata-
ract surgery and planning a same sitting or
secondary surgery to remove the center of
the posterior capsule after the 10 L is prop-
erly fixed into the lens capsule) may help
proper placement of the IOL. This staged
approach may not be necessary for the sur-
geon who operates on children frequently.
However, it may be better for surgeons
unaccustomed to operating on children.
Posterior capsule opacification occurs
quickly in most cases of complex traumatic
cataract surgery. Therefore, prepare the
family that the best vision will likely come
after this planned second surgery. Repair of
iris defects or other more elective surgical
maneuvers can also be done during this
secondary procedure, which is often done
4-8 weeks after the initial cataract removal.

— In case of posterior capsular defect vitrec-
tomy performed using existing opening
and anterior vitreous with blood debris and
pigments should be removed using vitrec-
tor either before or after lens insertion.

12.3.5 The Surgical Technique

The surgical technique was selected according to
morphology and the condition of tissues other
than the lens. Phacoemulsification may be used
to operate on cataracts with hard, large nuclei.
With a lens that had either a white soft or rosette
type cataract, unimanual or bimanual aspiration
was used. Membranectomy and anterior vitrec-
tomy, via either an anterior or a pars plana route,
were performed when the cataract was membra-
nous [9].

In all patients undergoing corneal wound
repair in cases of globe rupture, the traumatic
cataract may be managed in first or second
procedure. Recurrent inflammation was more
prominent in patients who had undergone pre-
vious surgery for trauma [7, 8]. In such cases,
when the ocular medium was hazy due to
inflammation of the anterior vitreous, we per-
formed a capsulectomy and vitrectomy via an
anterior/pars plana route [23].

In children younger than 2 years of age, both a
lensectomy and vitrectomy via a pars plana
route were performed, leaving the rim of the
anterior capsule available for secondary lens
implantation, and the same surgical procedures
were used to manage the traumatic cataracts.
Lens implantation as part of the primary proce-
dure was avoided in all children younger than
2 years of age; these children were rehabilitated
with optical correction, and secondary implan-
tation was done after their second birthday.

All children received supportive amblyopia
therapy from a pediatric orthoptist, and a pedi-
atric ophthalmologist treated strabismus for
improvement in stereopsis.

In young children, it is generally best to under-
correct an eye in anticipation of a myopic shift
as the child becomes older.

In-the-bag fixation is believed to be most pre-
ferred site by most to be the surgeons.

If bag is destroyed during trauma capsular
remnant may be used for implantation.

If capsular bag is subluxated capsular tension
ring may be used and sutured using 10/0
prolene if beg is very unstable.

The use of multifocal capsular bag IOLs fol-
lowing removal of a traumatic cataract has also
been explored. In comparison with capsular
bag IOLs, the clinical lenses resulted in
improved uncorrected near visual acuity and
stereopsis, as well as decreased spectacle
dependency. However, multifocal IOLs reply
on centration of the IOL and the pupil. Neither
are achievable in all cases of trauma. Since
traumatic cataracts are most often unilateral,
the child will rely mostly on the natural accom-
modation of the uninjured eye for near viewing.
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Multifocal IOLs are best when used bilaterally.
For these reasons, the use of multifocal IOLs in
pediatric trauma has remained low.

e Several reports on groups of patients with
angle-supported anterior chamber IOLs in
traumatic pediatric aphakia have been pub-
lished. Due to the high incidence of secondary
glaucoma, progressive pupil distortion, endo-
thelial loss, and the limited experience with
these IOLs in children, angle-supported IOLs
have not gained wide spread acceptance.

e Scleral-fixated IOLs are consider a more
acceptable alternative for the bag or ciliary
sulcus implantation of posterior chamber
IOLs, in the absence of capsular support in
children. However, concerns have been raised
about the risk of conjunctival and scleral ero-
sion of scleral sutures leading to Infection,
IOL tilt, dislocation of the lens in the vitreous
cavity, vitreous or ciliary body hemorrhage,
and secondary glaucoma (Fig. 12.12).

12.3.6 Postoperative Medication

All patients if not infected are treated with sys-
temic and local steroids.

Depending on the case, we may sometimes
increase the frequency of steroid drops. Also, a
short course of systemic steroids may be indi-
cated. If IOP control had been a problem after the
original trauma, perhaps during hyphema resolu-
tion, it is likely that elevated IOP will be seen
transiently after cataract surgery. Prophylactic
oral acetazolamide is recommended during the
early healing phase in such cases.

12.3.6.1 Follow-up

The operated patients were re-examined after
24 h, 3 days, and 1, 2, and 6 weeks to enable
refractive correction. Follow-up was scheduled
for day 3, weekly for 6 weeks, monthly for
3 months, and every 3 months for 1 year.

At every follow-up examination, visual acuity
was tested according to age using the AAO guide-
lines. The anterior segment was examined with a
slit lamp and the posterior segment with an indi-
rect ophthalmoscope. All children who may not
cooperate should be examined under General
Anesthesia.

12.3.7 Visual Outcome

Author reported postoperatively with mean fol-
low-up of 4 months: the visual acuity in the oper-
ated eye was >6/60in 450 (82.7%) and >6/12,215
(39.4%) eyes in open globe group and >6/60 in
127 (81.8%) and >6/12 36 (28.4%) eyes in closed
globe group (p = 0.143), and the difference
between the groups was not significant in chil-
dren. Overall, 402 (39.4%) eyes gained >6/60
and >6/12 in 238 (35.4%) cases. Surgical treat-
ment caused significant difference in visual out-
come (p = 0.000) [7-10, 15].

Other results (as well as the experience of
several other authors) confirm that good visual
outcome is frequently possible following IOL
implantation in children. In our patients, 78%
achieved a best-corrected visual acuity of 20/40
or better after a mean follow-up of 2.3 years.
Koenig et al. reported 20/40 or better visual
acuity in 87% (7 out of 8) of eyes undergoing
IOL implantation for pediatric traumatic cata-
racts. The average follow-up in their series was
10 months. Gupta et al. reported that 9 (50%) of
18 children with unilateral traumatic cataract
achieved 20/40 (or greater) visual acuity after
IOL implantation, with an average follow-up of
12 months [23-39]. These all are very small
case series but shah et al. published largest
database of 671 cases of traumatic cases in chil-
dren [10, 13].

According to our study, age of intervention
and laterality play important role of visual out-
come [4, 10-13].
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Fig. 12.12 (a) Ectopia lentis-1. (b) Ectopia lentis-1. (¢)  following blunt trauma. (e) Dislocation of IOL following
Temporal subluxation of lens following contusionsl-2. (d)  blunt trauma and opening of cataract wound
Dislocation of crystalline lens in subconjunctival space ac
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Fig. 12.13 (a) After cataract-1. (b) After cataract-2. (¢) After cataract-3. (d) Capsular phimosis

12.3.8 Postoperative Complications

Postoperative common complications are
[40-42]

. After cataract (Fig. 12.13a—d)

. Pupillary capture (Fig. 12.14a—)

. Lens precipitates (Fig. 12.15)

. Recurrent inflammation (Fig. 12.16a, b)
. Secondary glaucoma

. Lens mal position (Fig. 12.17a, b)

. Corneal opacity (Fig. 12.18a, b)

~N NN R W=

According to our study following are causes
of nonimprovement of vision [18] (Table 12.1).

12.4 Summary

Cataract formation is a well-recognized conse-
quence of blunt and penetrating ocular trauma. It
results from direct lens injury, contusive ocular
damage, or lens; dislocation and is often associ-
ated with traumatic injury to the cornea, iris, and
vitreous. Traumatic cataract can present many
challenges to the ophthalmologist. It adds the
challenges presented by childhood cataract
Comprehensive examinations, careful planning
for surgical management and a close follow-up
are necessary for a favorable outcome in these
cases. Further prospective studies are probably
needed to specifically address the optimum tim-
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N

Fig. 12.14 (a) IOL capture-1. (b) IOL capture-2. (c) IOL capture-3

Fig. 12.15 (a) Lens precipitates-1. (b) Lens precipitates-2
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Fig. 12.17 (a) Lens malposition-1. (b) Lens malposition-2

ing of cataract surgery in cases of pediatric trau-
matic cataract.

However, based on our experience, we sug-
gest primary repair of the injury first, and cata-
ract surgery after a 2—4 weeks of topical and
systemic steroids, primary posterior capsulot-
omy and anterior vitrectomy and deferring sur-
gery 2—4 weeks of ocular injury. This delay may
be helpful in achieving the optimum surgical
outcome by reducing the postoperative inflam-

il

mation in these eyes and allowing healing to
occur.

Successful surgery requires a wide variety of
techniques to the particular occasion and case.
These factors include the history and circum-
stances of the ocular trauma, hypotony or the
elevation of IOP, inflammation, and the extent of
associated anterior segment trauma. We support
the continued use of IOLs in children in eyes
with traumatic cataract.
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Fig. 12.18 (a) Corneal opacity-1. (b) Corneal opacity-2. (¢) Corneal opacity-3

Table 12.1 Complications affected visual outcome

Number (n) Percent (%)
Corneal opacity 32 3.0
Lens Malposition 13 1.3
Endophthalmitis 5 0.5
Inflammation 18 1.7
Iridodialysis 2 0.2
Secondary glaucoma |6 0.6
Optic capture 6 0.6
Painful blind eye 1 0.1
Phthisis 5 0.5
Retinal detachment 8 0.8
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Parmanand Kumar, Chirakshi Dhull,
and Sudarshan Kumar Khokhar

13.1 Management of Pediatric

Uveitic Cataract

Uveitis is a condition wherein inflammation
affects different components of the uvea, i.e., the
iris, ciliary body, and choroid. Uveitis in pediat-
ric age group is relatively rare compared to adults
[1,2]. The incidence and prevalence rates of uve-
itis in pediatric age group is 4.3/100,000 and
27.9/100,000, respectively [1, 2]. Pediatric uve-
itis accounts for merely 5-10% of all uveitis
cases [3]. The visual loss is more severe with up
to 22% of all affected children developing at least
one blind eye and 3% becoming legally bilateral
blind [4-10].

Uveitis in children has unfavorable outcome
as compared to adults. This may be due to the
difficult routine examination, no symptom in
many patients, delayed recognition and, persis-
tent chronic inflammation. Adding to this, oph-
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thalmologist and parents are reluctant to treat
children with systemic medication as there are
multiple side effects associated with them.
Management with systemic corticosteroids can
have a negative effect on skeletal maturity. So, it
is advisable to collaborate with a pediatrician
before starting with systemic medications. At the
same time, it is important to rule out an infectious
origin before prescribing immunosuppressive
therapy. Also, all ophthalmic surgery such as cat-
aract and glaucoma are more challenging in chil-
dren with uveitis [11]. Finally, the cataracts
associated with uveitis if not treated in time have
the risk of developing amblyopia in children less
than 8 years of age. Long standing uveitis disease
and added risks of complications can lead to
major ophthalmic morbidity, and severe vision
loss [2].

13.1.1 Classification
Uveitis can be classified on the basis of anatomi-
cal location (Table 13.1), clinical presentation
(Table 13.2), etiology (Table 13.3), and histology
(granulomatous or non-granulomatous).
Non-infectious uveitis is either related to sys-
temic disease or believed to be immune modu-
lated [4-10, 13]. In most of the uveitis cases, the
reason remains unspecified and this is stated as
idiopathic uveitis [2—-10, 13]. In pediatric patients,
anterior uveitis is seen in 30-40%, posterior uve-
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itis 40-50%, intermediate uveitis 10-20%, and
panuveitis 5-10% [3]. In pediatric age group, the
most common cause for uveitis is juvenile idio-
pathic arthritis (JIA) and it causes mostly anterior
uveitis [14]. JTA is responsible for chronic type of
uveitis and in most of the cases problems are
already present at the time of examinations.
Other systemic diseases responsible for causing
uveitis in children are sarcoidosis and tubuloint-
erstitial nephritis and wuveitis (TINU) syn-
drome[15]. Blau syndrome is a hereditary form
of sarcoidosis occur in young, having clinical

Table 13.1 The SUN working group divides anatomical
classification into four groups—anterior, intermediate,
posterior and pan-uveitis [12]

Primary site of
Type inflammation Includes
Anterior Anterior Iritis
uveitis chamber Iridocyclitis
Anterior cyclitis
Intermediate | Vitreous Pars planitis
uveitis Posterior cyclitis
Posterior Choroid or Focal, multifocal or
uveitis retina diffuse choroiditis
Chorioretinitis
Retinochoroiditis
Neuroretinitis
Panuveitis Anterior
chamber,
vitreous and
retina or
choroid

Table 13.2 Classification based of on clinical presenta-
tion [12]

Category Descriptor Comment
Onset Sudden
Insidious
Durations Limited <3 months durations
Persistent >3 months durations
Course Acute Episode characterized
by sudden onset and
limited duration
Recurrent Repeated episode
separated by periods of
inactivity without
treatment >3 months
duration
Chronic Persistent uveitis with re
lapse in <3 months after
discontinuing treatment

features similar to uveitis with JIA like rash,
arthritis, and uveitis, so one may face difficulty in
differentiating from uveitis with JIA [16]. TINU
syndrome is a rare condition occurs in younger

Table 13.3 Classification of uveitis based on etiology
[4-10, 13-20]

Idiopathic
Infectious

Congenital | Toxoplasmosis
Syphilis

Rubella virus

Herpes simplex virus

Cytomegalovirus

Tuberculosis
Toxoplasmosis
Toxocariasis

Varicella zoster
Leprosy

Lyme disease (Borrelia
burgdorferi)

Juvenile idiopathic
arthritis (JIA)
Sarcoidosis

Behcets disease
Vogt-Koyanagi-Harada
syndrome (VKH)
Systemic lupus syndrome
Multiple sclerosis
Wegener granulomatis
Psoriasis

Inflammatory bowel
disease
Tubulointerstitial
nephritis and uveitic
syndrome

Kawasaki disease
Chronic infantile
neurologic cutaneous and
articular/neonatal onset
Multisystem
inflammatory disease
syndrome (CINCA/
NOMID)

Blau syndrome

Acquired

Non-
infectious

Systemic

Fuchs heterochromic
uveitis

Ocular

Diseases Sympathetic ophthalmia
Retinal vasculitis

Acute posterior
multifocal placoid
pigment epitheliopathy
(APMPPE)

Diffuse unilateral
sclerosing neuroretinitis
(DUSN)

Traumatic uveitis

Drug induced (Rifabutin)

Toxic
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Table 13.3 (continued)

Idiopathic

Masquerade | Neoplastic | Retinoblastoma
Leukemia

Juvenile
xanthogranuloma

Post transplantation
lymphoproliferative
disease (PTLD)

Non- Intraocular foreign body
neoplastic | Retinal detachment

population with peak incidence at the age of 14,
characterized by tubulointerstitial nephritis and
uveitis [15].

13.1.2 Clinical Presentation

Most of the cases are asymptomatic and hence
therefore detected late in the progression of dis-
ease. JIA patients generally present with sys-
temic involvement first.

e Redness in eye with photophobia is com-
plained of usually, older children may com-
plain of pain in the eyes (Fig. 13.1). In patients
of JIA there may be absence of redness.

* Anterior segment examination in acute stage
may show cells, flare and keratic precipitates
(KPs). Hypopyon might be there in the ante-
rior chamber (Fig. 13.2). So, it is important to
rule out a masquerade syndrome or endo-
phthalmitis in this type of presentation.

* As acute phase begins to resolve posterior
synechiae may start showing up, which in
early stage may be filiform (Fig. 13.3) and
may break by intensive cycloplegic treatment
(Fig. 13.4). A festooned appearance of pupil
may be seen due to multiple posterior syn-
echiae formations (Fig. 13.5).

* Koeppe’s nodules may be seen in cases of
granulomatous uveitis (Fig. 13.6).
Tuberculosis and sarcoidosis are the most
common systemic diseases responsible for
granulomatous type of uveitis. These systemic
diseases usually cause panuveitis (Fig. 13.7).

e Cataract is one of the complications of long-
standing uveitis. It may vary from mild poste-

Fig. 13.1 Red eye can be noticed in torch light examina-
tion. Flare in the chamber is also noticeable

Fig. 13.2 Circumcorneal congestion with fibrinous
membrane in anterior chamber with hypopyon

Fig. 13.3 Filiform synechiae seen from 9 to 12 O’clock
position



144

Fig. 13.4 Multiple incompletely broken posterior syn-
echiae with pigment impression on anterior capsule with
total cataract

Fig. 13.5 Festooned pupil with clear lens

rior subcapsular cataract with polychromatic
luster (Fig. 13.8) to total cataract (Fig.13.9).

13.2 Investigation

Investigations often turn out to be negative in
many patients, so instead of performing a battery
of screening tests, investigation should be tailored
to each patient, directed by clinical features.

P. Kumar et al.

o

Fig. 13.6 Koeppe’s nodules at 2 and 6 O’clock position
in granulomatous uveitis

The following may be
considered:

Complete blood count: There may be leuko-
cytosis which may point toward an infection and,
exceptionally, ~ hematological ~ malignancy.
Eosinophilia may be found in parasitic infection
[21, 22].

Erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP): These are acute-
phase reactants which are probably of limited
value as they may be elevated in a range of sys-
temic inflammatory disorders [21, 22].

Chest X-ray: may show features which may be
suggestive of sarcoidosis or tuberculosis [21, 22].

Sacroiliac joint X-ray: may show evidence
of sacroiliitis in ankylosing spondylitis and other
seronegative.

Spondylo-arthropathies [21, 22].

CT of chest: to look for features of sarcoid-
osis [21, 22].

CT/MRI of brain and orbits: to look for any
evidence of sarcoidosis, CNS lymphoma, toxo-
plasmosis [21, 22].

HLA tissue typing: to look for connective tis-
sue disorder and immunological disorders [21,
22] (Table 13.4).

AAALA type Associated disease.

Antinuclear antibody (ANA) is done for
connective tissue disorder like in juvenile idio-
pathic arthritis [21, 22].

Rheumatoid factor is done to rule out rheu-
matoid arthritis and juvenile idiopathic arthritis
[21, 22].

investigations
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Fig. 13.7 An 8-year-old girl with sarcoidosis. (a) Showing band-shaped keratopathy with posterior subcapsular cata-
ract, (b) intraoperative fundus image displaying hazy media, disc granuloma, and sclerosed vessels

Fig. 13.8 Posterior subcapsular cataract in a patient with intermediate uveitis. (a) Slit illumination displaying poly-
chromatic luster, (b) retro illumination of the same displaying central involvement

Angiotensin converting enzyme done mainly
to rule out sarcoidosis [21, 22].

Serum calcium to corroborate diagnosis of
sarcoidosis [21, 22].

VDRL/RPR to find any evidence of syphilis
[21, 22].

Lyme disease serology to rule out Lyme dis-
ease [21].

Toxoplasma antibody to rule out Toxoplasma
[21].

Herpes simplex virus, Rubella virus,
Varicella zoster virus and Cytomegalovirus
serology to rule any viral cause of viral uveitis.

Rubella serology to confirm the Fuchs het-
erochromatic iridocyclitis [23].

CSF studies (Proteins, glucose, CSF VDRL
cytology, cultures, Gram stain)—are done if fol-
lowing diseases are suspected in patients like
VKH syndrome, infection, malignancy, syphilis,
lymphoma etc [21].

Intraocular fluid analysis (aqueous humor
and vitreous humor tap) [24, 25] for

e Local antibody production—Rubella virus,
Herpes simplex virus, Varicella zoster virus,
cytomegalovirus, toxoplasma organisms.
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Fig. 13.9 Patient with JIA OD and OS. (a, ¢) Figure showing BSK, total cataract, and posterior synechiae, (b, d) UBM
of the same showing OD seclusion-pupillaec while OS showing early iris bombe formation

Table 13.4 HLA in different types of diseases

HLA type Associated disease

HLA- B27 Seronegative
spondyloarthropathy

HLA-A29 Birdshot retinochoroidopathy

HLA-B51 and HLA | Behcet syndrome

BS

HLA-B7 and Ocular histoplasmosis

HLA-DR2

HLA-DR4 Sympathetic ophthalmitis and

VKH

e PCR—for viral—HSYV, VZV, CMV.

* Bacteria—Staphylococcus, Bacillus,
Streptococcus, Pseudomonas, Mycobacterium
tuberculosis and non tuberculus mycobacte-
ria, Borrelia burgdorferi.

Ocular imaging [26, 27]-

B-scan ultrasonography—Enables visualiza-
tion of the posterior segment including the status
of retina.

Optical coherence tomography—aids to
find out in posterior segment like epireti-
nal membrane and cystoid macular edema
(Fig. 13.10).

Fundus fluorescein angiography—It is an
imaging modality to evaluate eyes with chorio-
retinal disease and structural complications
which are caused by posterior uveitis.

Fundus autofluorescence—can demonstrate
any suspected posterior segment pathology.

Ultrasound bio microscopy—done in cases of
chronic ocular hypotony where ciliary body atro-
phy can be seen. It may also help to demonstrate
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Fig. 13.10 (a, b) OCT showing macular edema in JIA with panuveitis

conditions such as subtle choroidal effusion,
cyclodialysis cleft and cyclitis membrane.

13.2.1 Pathophysiology of Cataract

Development in Uveitis

Cataract is a frequently encountered complica-
tion of chronic uveitis [28]. It occurs in 52% of
children with.

Uveitis [9] and is the most frequent cause of
vision loss [9]. In patients with uveitis, cataract
surgery is one of the most common procedures
done [29].

Uveitis predisposes the Patients to develop
cataract particularly due to two reasons—the per-
sistent inflammation which promote develop-
ment of cataract and also the use of corticosteroids
for immunosuppression [30—40] which causes-

Inhibition of Na+ k+ ATPase pump of lens
Increase cation permeability

Hydration of lens fibers

Decrease in GSH reductase level

Aberrant migration and differentiation of lens
epithelial cells

6. Nonenzymatic alterations of lens proteins

AEE ol

Cataract extraction in these patients indeed
poses a challenge and requires meticulous care

during the perioperative period. Anisometropia
either induced by cataract or by lack of optical
rehabilitation in postoperative period may lead to
development amblyopia. Surgeons must be profi-
cient with the pre, peri, and postoperative man-
agement of these patients.

13.2.2 Management of Uveitic
Cataract

13.2.2.1 Management of Uveitis

Early diagnosis and prompt initiation of treat-
ment is the primary goal of management so as to
attain complete inactivity of disease to avoid
sight-threatening complications.

13.2.3 First-Line Treatment

Includes giving a course of topical corticosteroids
accompanied by short-acting mydriatics and
cycloplegics under surveillance. In severe anterior
segment involvement or posterior segment
involvement, sub-tenon triamcinolone, intravitreal
triamcinolone, or dexamethasone implants can be
given. The main concern for giving periocular ste-
roids is the requirement of general anesthesia or
sedation in children and hazard of cataract forma-
tion. Systemic corticosteroids may also be consid-
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ered in some cases. Steroids have to be given
cautiously because of their possible complications
like formation of cataract, ocular-hypertension and
multiple generalized side effects [41-43]. Multiple
studies have shown less than BID dosing of pred-
nisolone acetate is a reasonable frequency that
does not lead to cataract formation [39]. Systemic
corticosteroids have added threats in children like
it can lead to growth retardation along with the
usual side effects observed in adults such as peptic
ulcers disease, increases sugar level, increased
blood pressure, altered mental status, intracranial
hypertension and increased risk of infection.

Systemic immunomodulatory therapy (IMT)
should be started in those cases in which steroids
cannot be tapered to a secure level or there is sys-
temic cause of the underlying inflammation. IMT
can take away the need for steroid therapy in such
cases. All immunomodulators are known to have
side effects, which has to be monitored for when
administered. Supervision with a pediatric rheu-
matologist is strongly recommended before start-
ing IMT. It is also vital to make sure that the
parents and child acknowledge the risks related to
inflammation, its treatment and at the same time
remain compliant with the prescribed treatment.
Extended use of mydriatics and cycloplegics can
lead to formation of synechiae in dilated state of
the pupils which have to be looked for and man-
aged effectively when found.

Methotrexate is the maximally used and well-
known drug to control inflammation in children
with uveitis. It has been in used since long time
for JIA-associated uveitis and is proven to be
well tolerated.

Side effects of methotrexate include gastroin-
testinal disturbance which is most common and
this could frequently be decreased through
switching to the subcutaneous form of the medi-
cation. Folic acid supplementation reduces some
of the side effects. Mycophenolate mofetil, sul-
fasalazine and azathioprine are other antimetabo-
lites that can be used in place of methotrexate.

Similarly, to antimetabolites, certain biologic
agents are getting used now a day to help with
immunosuppression. These are antibodies which
targets particular to the inflammatory cascade.
Most common monoclonal antibodies are inflix-
imab and adalimumab, which acts by inhibiting

tumor necrosis factor alpha (TNF-o) [44, 45].
Other medications that can be used are abatacept,
which blocks T-cell stimulation by targeting
CD80 and CD86 signal molecules, and ritux-
imab, which is an antibody to the CD20 protein
found on B cells triggering cell death [46, 47].

13.2.4 Measures to Prevent Cataract
Formation

Uveitis screening: It is important to develop strat-
egies to prevent and identify cataract. Cataract is
the most frequent ophthalmic complication of
uveitis. This includes adherence to early screen-
ing and compliance to treatment and regular fol-
low-up for uveitis.

Immunosuppressive therapy: It has been
found that early treatment with methotrexate
decrease the rate of cataract formation in JIA-
uveitis [48].

13.2.5 Cataract Surgery

To begin with it includes a thorough anterior and
posterior segment examination of the patient.
Underlying deformities like band shape keratop-
athy, mitotic pupils, narrow anterior chamber, iris
abnormality, and posterior synechiae are some of
the features to be specifically looked for in these
patients. In patients who have a mature cataract
making a direct posterior segment examination
difficult, imaging modalities like as B-scan ultra-
sonography should be done to assess for choroi-
dal thickening, vitritis, or retinal detachment.
Optical coherence tomography (OCT) can be
done (if media enough is enough clear to capture)
to look for any macular edema.

Counseling of the patient/parents Parents and
patients need to be counseled regarding the visual
prognosis, usual risks involved in surgery, like
infection and various other intraoperative compli-
cations. It is vital to clarify that due to the presence
of complications like band keratopathy, synechiae
and membranes surgery may be prolonged and
may also be difficult and that these factors may
contribute to postoperative inflammation, delaying
the visual recovery (Figs. 13.11, 13.12, and 13.13).
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Fig. 13.11 Structural abnormalities in uveitis leading to
difficult surgery. Showing band-shaped keratopathy

_..‘

Fig. 13.12 Structural abnormalities in uveitis leading to
difficult surgery. Showing extensive peripheral anterior
synechiae with complicated cataract

Emphasis ought to additionally give on need for
strict compliance of medications (systemic immu-
nosuppression may need to be adjusted) and regu-
lar follow-up. Another frequent complication
encountered postoperatively is posterior capsule
opacification and because of the young age addi-
tional surgery may be needed in future.

13.2.6 Control of Inflammation

Preoperative control of inflammation and the
underlying systemic disease is of utmost impor-

Fig. 13.13 Structural abnormalities in uveitis leading to
difficult surgery. Showing ectropion uvea with vascular-
ization of anterior lens capsule

tance for successful outcomes in cataract sur-
gery with uveitis. Patients should have at least
3 months of quiescence before proceeding to
surgery [40]. Preoperative intensification of
immunosuppressive treatment with systemic or
local corticosteroid is recommended to avoid
intensive postoperative inflammation. Oral pred-
nisolone is given at a dose of 0.5-1.0 mg/kg
3—7 days before surgery. This can be added with
aregime of topical steroids six to eight times per
day up to surgery. After surgery, oral and topi-
cal corticosteroid should be tapered cautiously
based on disease activity [40]. Intravenous or
periocular corticosteroids or intensification of
corticosteroid-sparing immunosuppression may
be needed in patients developing uveitis flare-up
after surgery.

13.2.7 Surgical Techniques

The technique of cataract surgery choice varies
according to the individual surgeon’s skill and
experience. As less minimal inflammation is
desired in postoperative period in uveitis cata-
racts, removal of cataract by phacoemulsifica-
tion/lens aspiration is a safer method than that by
a manual extracapsular cataract extraction.
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Attempt should also be made to restore the
anterior segment anatomy as close to normal as
possible during the surgery.

13.2.8 Intraoperative Management
Postures—Supine position with face parallel to
floor is required for cataract surgery. In patients
with ankylosing spondylitis especially when the
cervical spine is involved with a fixed flexion
deformity, have difficulty in lying flat on the
operating table. In such cases, Trendelenburg
position is used, wherein their lower limbs are
raised above the level of their head, so as to keep
the plane of the face parallel to the floor. In order
to lift the head high up pillow may be stacked up
under the head. There are chances that the patient
may tend to slide down the bed in which case in
order to prevent the slippage a strap is locked
around the trunk of the body.

Anesthesia—In adults’ local anesthesia may
be enough for operating but in children and in
patients in whom surgical time is expected to be
long surgery is done under general anesthesia.

Incision—To begin with, two paracentesis
incisions are made almost 180° apart using MVR
in nasal and temporal area. It is so constructed
that it gives approach to through of the anterior
chamber and lens with comfort. It can be used for
both bimanual surgery as well as injection of vis-
coelastic devices. Then main incision is made
superior which can be either clear corneal or
scleral tunnel. Both incision techniques have
shown to cause similar surgically induced astig-
matism (SIA) and are acceptable [49]. In pediat-
ric age group it is preferable to have a superior
incision to protect against inadvertent trauma. In
adults and older children to reduce the SIA, the
incision can be made in the steeper axis but it
should not be at the cost of sacrificing the operat-
ing comfort of surgeon [50]. Care should be taken
to make incision of sufficient length in order to
avert iris prolapse in eyes with small or stretched
pupils.

13.2.9 Small Pupil Management

Pupil enlargement—Pupils that are not bound
by synechiae or membranes an effort to dilate
pupil may be made by injection of adrenaline
diluted in balance salt solution (1:1000 0.5 mL
adrenaline in 500 mL) into the anterior chamber
of eyes. Heavy molecular weight viscoelastic like
Healon 5 (sodium hyaluronate 2.3%, Abbott
Medical Optics) can mechanically open the pupil
and maintain it in dilated state as long as the aspi-
ration flow rate is kept at minimum level.

Synechiolysis—Breaking the synechiae and
achieving a pupil expansion can be a challenging
task in uveitis cataracts surgery. A viscoelastic
device, specifically a high molecular weight, can
increase mydriasis by means of direct mechani-
cal stress at the pupillary margin during instilla-
tion. When pupil is not dilating because of the
presence of posterior synechiae and if there is
enough zonular support, the surgeon may pass
the viscoelastic cannula between the anterior
capsule and the pupillary margin and then instill
viscoelastic in order to break the iridocapsular
adhesions (Fig. 13.14). The cannula of viscoelas-
tic is inserted in an oblique manner to produce a
wave of viscoelastic, which will break the syn-
echiae. In this manner, it is done at multiple sites
to fully free the pupil. Following breaking the
synechiae, further dispersive viscoelastic may be
injected in the center of the pupil to obtain even
extra dilation of the pupillary margin.

Pupil dilating hooks and expansion rings—
If extensive synechiae is present, a bent Kuglen
hook can be used to break them off once the
pupillary margin has been viscodissected from
the anterior capsule. This is “push—pull” instru-
ment which is used for safe release of posterior
synechiae, varying from mild to extensive. It per-
mits the surgeon to push or pull the iris, which
facilitates to detach the iris from the anterior lens
capsule, in spite of an intact pupillary membrane.
After making the pupil free, the pupillary mem-
brane can be taken out using a pair Kelman-
Mcpherson forceps. Many times it has been seen
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Fig. 13.14 (a—-d) Use of viscoelastic canula for synechiolysis in pediatric uveitis cataract figure. (d) Final pupil size

after synechiolysis with viscoelastic

that once the pupillary membrane has been taken
out, the pupil begins to expand with viscoelastic
(Fig. 13.15). However, if this is not enough, the
pupil may be expanded using a pair of angled
Kuglen hooks. It is inserted through the main
superior incision, and then engaged it to pupillary
margin and pulled the iris toward the limbus side
till there is suspicion of sphincter tear. This is
again repeated in a direction opposite to the first
stretch.

Self-retaining Iris hooks (titanium or nylon)
is also used for mechanical dilatation of pupil,
in fact it is most commonly used as pupil
expander. It is placed in anterior chamber
through paracentesis and pupillary margin of
iris is hooked toward paracentesis side so that
the pupil can be kept dilated in a triangular or
square shape and thus permitting the surgeon to
proficiently complete phacoemulsification irre-
spective of the initial size of the pupil

(Fig. 13.16). However, this method is time tak-
ing and also causes significant fluid loss from
the anterior chamber during phacoemulsifica-
tion. However, it is an efficient technique of
pupillary expansion and visualization of the
structures for phacoemulsification. Iris hooks is
removed after placement of intraocular lens
before removing viscoelastic substance.

Continuous curvilinear capsulorhexis—
Anterior capsule is stained with trypan blue dye
under air. The anterior chamber is filled with vis-
coelastics specially heavy molecular weight to
keep the anterior capsule flattened in order to pre-
vent extension of capsulorhexis. The anterior
capsule stab incision is given by a 26- or 27-gauge
bent cystitome and rhexis is completed by using
a modified vitreoretinal forceps which is inserted
from the side port. Capsulorhexis should be of
adequate size and circular to decrease the inci-
dence of posterior capsule opacification.
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Fig. 13.15 (a-f) Pediatric uveitic cataract with 360° pos-
terior synechiae with pupillary membrane. (a) UBM
shows iris bombae. (b—f) Shows steps of pupillorhexis in

Hydrodissection and lens aspiration—Mild
hydrodissection in all quadrants aids in lowering
surgical time period and improving the cortical
clean up [51]. Lens matter can be removed by
either coaxial and bimanual techniques. Bimanual
technique of lens matter removal is better as it
helps in complete removal of lens matter includ-
ing sub incisional one and also anterior chamber
remains maintained.

IOL implantation—In children above the
2 years of age, intraocular lens (IOL) implanta-
tion is a standard way of optics management in
non-uveitis cataract surgery but it is controversial

same patient with 23 gauge Alcon intravitreal forceps.
Membrane at pupillary margin grasped with forceps and
pulled centrally

to implant IOL in cases of cataracts with uveitis.
In patients with uveitis IOL acts as a scaffold for
the buildup of inflammatory cells and IOL itself
can incite ocular inflammation with the conse-
quent development of a membrane in visual axis
[52]. Although, in cases, with satisfactory control
of perioperative inflammation and regular follow-
up, IOL can be well tolerated even in JIA patients
[28, 53-61](Table 13.5). In all uveitis cataracts it
is better to implant IOL in the capsular bag to
avoid the physical contact of IOL with the iris.
Acrylic IOLs offers a higher visual outcome
and lesser complication rate than IOLs of different
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Fig. 13.16 (a—d) Pediatric uveitis cataract with non-dilating pin point pupil. Intraoperative still video clip shows place-
ment of self-retaining nylon iris hooks

other materials in uveitis [62, 63]. Silicone lens is
less suitable for cataract management in the setting
of uveitis in view of increased risk of posterior
capsular opacification and its potential of interfer-
ing with vitreoretinal instrumentation [62].

Removal of viscoelastic from anterior
chamber—Viscoelastic should be removed com-
pletely in order to alleviate postoperative inflam-
mation. Subconjunctival injection of antibiotic,
steroid and atropine further helps to decrease the
amount of inflammation.

13.2.10 Complications of Uveitic
Cataract Surgery
(Table 13.6)

13.2.10.1 Intraoperative

Zonular dialysis—It is an infrequent intraopera-
tive complication seen in uveitis cases. It is
encountered especially in eyes with long stand-
ing uveitis. In such cases, intraoperative place-
ment of a capsular tension ring (CTR) is usually

required to prevent IOL decentration. Fixation of
the ring to the sclera by means of a modified
Cionni may be done, if the overall zonular
strength is weak. Capsular phimosis may occur if
CTR is not implanted in presence of weak zon-
ules because of unopposed capsular bag fibrosis
and shrinkage. Failure to apply a CTR in the
presence of weak zonules may result in capsular
phimosis due to unopposed fibrosis and shrink-
age of capsular bag.

Retained Lens Fragments. Small lens mate-
rial may lodge in the posterior chamber during
phacoemulsification specially in small pupil.
These lens material may cause persistent inflam-
mation in eye when come out in anterior cham-
ber. For this reason, at the end of
phacoemulsification sideways jerky movement to
eye should be given or aspiration probe must be
gently swept sideways in the bag so that no lens
materials are accidently left behind in the bag or
posterior chamber. Any amount of lens matter
left inside the eye should be removed surgically
as soon as possible [64].
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13.2.10.2 Postoperative

Excessive Postoperative Inflammation. It is the
most common complication of uveitis cataract
surgery, which can vary in terms of severity or
duration. It can be controlled by increasing the
frequency of topical steroids and readjust the
dose of oral immunosuppressant. One may con-
sider of giving oral pulse of steroids or injection
of periocular steroids if no prophylactic oral ste-
roids have been given in the preoperative period.
In case of persistent inflammation intravitreal

Table 13.6 Perioperative complication of uveitis cata-
ract surgery

Intraoperative
Zonular dialysis

Postoperative

Excessive postoperative
inflammation

Retained lens Glaucoma

fragment

Recurrence of uveitis
CME
Posterior capsular opacification

Amblyopia

Membrane formation

Fig. 13.17 (a) Postoperative picture of pediatric uveitis
showing visual axis opacification (VAO). (b) UBM of the
same patient showing iris bombe formation with VAO
with aphakia. (c). Post-surgery picture of uveitis cataract
from anterior route showing clear media. (d) Showing

injection of triamcinolone acetonide can be
given, thus avoiding the need to adjust the sys-
temic immunosuppression [65]. Posterior syn-
echiae, pupillary membrane may be formed
during the postoperative period due to excessive
inflammation (Fig. 13.17). Uveitis control and
keeping the pupil mobile during this period are
important.

Glaucoma: Glaucoma is an important com-
plication of uveitis. After uveitis cataract surgery
transient increase in IOP may be seen most of the
patients because of exaggerated postoperative
inflammation with already compromised trabec-
ular meshwork and anterior chamber angles. It
can be controlled by good postoperative inflam-
mation management aided with topical and sys-
temic glaucoma medications. In intractable cases
glaucoma surgery may be required.

Recurrence of uveitis. Recurrence of uveitis
after cataract surgery is very common. This is
mainly due to the two reasons—poor pre- and
postoperative control of inflammation and intra-
operative manipulation of intraocular tissue. The
relapse rate has been reported to be as high as

#

intraoperative picture of par plana membranectomy for
posterior VAO. (e) UBM showing IOL in place with pos-
terior VAO. (f) Postoperative picture of uveitis cataract
showing clear media and IOL in bag
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41% [66]. Hence, in that case, long-term immu-
nosuppression may be required to prevent future
relapse.

CME: In any intraocular procedure, CME
may occur due to persistent of inflammation. In
uveitis, the chances of CME increase because of
exaggerated postoperative inflammation. It can
be prevented by good pre- and postoperative
inflammation control with immunosuppression.
In some cases, periocular or intravitreal cortico-
steroids may be required.

Posterior capsular opacification (PCO): It
is one of the most common late complications of
any type of cataract surgery. To prevent posterior
capsular opacification, it is advised to create a
well-centered circular capsulorhexis that is
smaller than the optic size of IOL, use an acrylic
IOL with a square-edged optic design, complete
aspiration of viscoelastic from within the capsu-
lar bag and confirmed that optic is stuck on to the
posterior capsule at the end of surgery and in last
very important in uveitis cataract surgery is con-
trol of postoperative inflammation.

Amblyopia management: Following any
type of pediatric cataract surgery, visual rehabili-
tation is the most important. Patients should be
prescribed glasses after doing refraction. In uni-
lateral cataract surgery occlusion therapy should
be given. Parents must be educated about the
importance of compliance and proper follow-up.

13.3 Conclusion

Pediatric cataracts surgery with uveitis is a chal-
lenge to ophthalmologist in terms of periopera-
tive management control. But, now a day it is
possible to achieve good visual outcomes because
of an increased understanding of the uveitis dis-
ease and management. Control of inflammation
in perioperative period is very important for post-
operative outcome. Cataract surgery should only
be performed when the inflammation is well con-
trolled. IOL should be implanted in every patients
but it depends upon age of the child and ocular
conditions. At last, judicious postoperative
immunosuppressive therapy is required to reduce

postoperative complications. Eyes with uveitis
cataracts can achieve good visual outcomes with
proper management.
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Infective Cataract (TORCH)

14

Parmanand Kumar, Chirakshi Dhull,
and Sudarshan Kumar Khokhar

Certain viral and parasitic infections occur-
ring during embryogenesis may predispose to
the development of congenital cataract [1, 2].
TORCH group of infections like Toxoplasma,
Rubella, Cytomegalovirus (CMV), Herpes
Simplex virus (HSV), and Others including
syphilis have been associated with congeni-
tal cataract formation especially in developing
countries [3-5]. The pathogen enters the fetus
through the placenta of the infected mother
during pregnancy [6]. Following infection, the
immune systems produces a series of antibod-
ies in the fetus. Antibodies are transferred to
the developing fetus through the placenta from
the infected mother and remains for a specific
period of time following birth [3]. TORCH
infections can be detected by immunoglobu-
lin (Ig) M and Ig G titers in serum [3-5, 7-9].
Mahalakshmi and coworkers have described
the presence of IgM antibodies in congenital
cataract with infective etiology [3]. They have
reported CMV Ig M in 17.8% and rubella virus
Ig M in 8.4% among 593 infants with congenital
cataract. Various studies have reported Ig M for
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HSV and Toxoplasma with congenital cataract
[4, 5, 7-9]. There can be an overlap in mani-
festation of these infections. TORCH group of
pathogens may additionally affect the ectoder-
mal tissues [10], from which the lens is also
derived. Other ocular manifestations of TORCH
infections in addition to childhood -cataract
include microphthalmos, keratitis, glaucoma,
iris atrophy, iridocyclitis, optic neuritis, retini-
tis, and chorioretinitis [11].

14.1 Congenital Toxoplasmosis
Congenital Toxoplasmosis has wide-ranging clin-
ical manifestations from being completely asymp-
tomatic at birth to severe neurological and ocular
disease. The majority of the infants have no appar-
ent clinical manifestations at birth. These may be
identified during routine new born examination
and maternal screening [12]

Systemic features includes [12]

* Neurological features such as micro or macro-
cephaly, seizures, nystagmus, hydrocephalus,
cerebral calcifications, meningoencephalitis

e Small for gestational age

* Hepatosplenomegaly

e Generalized lymphadenopathy

e Jaundice

e Thrombocytopenia, anemia, petechiae

e Maculopapular rash
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Ophthalmic features includes
¢ Chorioretinitis

* Microphthalmos

¢ Retinochoroiditis

e Strabismus

 Iridocyclitis

e Cataract

¢ Glaucoma

Congenital toxoplasmosis is a reason for sub-
stantial visual loss and neurologic morbidity in
children. Even if treatment is initiated at birth, it
may not successfully prevent ocular damage [13—
16]. The most common ocular manifestation of
congenital toxoplasmosis is chorioretinitis (upto
92%), which is then followed by microphthal-
mos, squint, iridocyclitis, cataract and glaucoma
[17-20]. Congential cataract is featured more
commonly in congenital rubella, chorioretinitis is
more commonly associated with congenital toxo-
plasmosis (Fig. 14.1). The pathogenesis of cata-
ract in congenital toxoplasmosis remains

unknown. Generally, the retina and choroid are
affected first. It is then followed by involvement
of iris leading to iridocyclitis and cataract, which
can develop as secondary complication of retino-

P. Kumar et al.

choroiditis. The incidence of cataract was 11.6%
in the National Collaborative Chicago-based
Congenital Toxoplasmosis Study (NCCCTS),
typically occurring in those with the more
extreme disease [15]. These infections can affect
any part of the lens and cataract can vary in sever-
ity from partial to total. Most frequently noted
cataract variety is posterior subcapsular; but,
nuclear, anterior subcapsular, and anterior polar
cataracts have also been reported [16].

Test for diagnosis of toxoplasmosis [12]

* Serological test

* Presence of Toxoplasma specific Ig M and/or
Ig A antibodies 10 days after birth.

e Persistent or increasing IgG titer without treat-
ment in infants at or beyond 1 year of age

e Positive PCR for T. gondii DNA or positive
Toxoplasma IgM or Ig A antibodies in the
CSF

e Positive IgG is indicative of prior or current
maternal infection. Repeat IgG testing is
done at every 4-6 weeks until complete dis-
appearance in case of clinical suspicion of
toxoplasmosis with negative IgM and IgA
antibodies.

Fig. 14.1 (a, b) Clinical picture of right and left eye fundus showing typical punched out macular scar suggestive of

healed congenital toxoplasma infection
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e Negative IgM and IgA antibodies do not
exclude the infection. There’s a delay within
the production of antibodies in the newborn, if
the mother is affected later in her pregnancy.
When an infection is suspected, the antibodies
should be repeated every 2—4 weeks till at
least 3 months of age.

e Imaging

e The main findings on computed tomography
(CT) of the head include diffuse intracranial
periventricular calcifications, brain atrophy or
hydrocephalus

e CSF examination—CSF composition is usu-
ally abnormal with high protein levels (over
1 g/dl) and mild elevation of WBC with mono-
cyte predominance.

* Hemogram—A complete blood count may
demonstrate anemia or thrombocytopenia.

14.2 Congenital Cytomegalovirus
(CMV) Infection

CMUV is the reason for most common intrauterine
infection, varying from 0.5 to 2.4% of live births
[21]. However, it is usually subclinical.

14.2.1 Clinical Manifestation [22]
Systemic features

e Neurological features includes intracranial
calcification, brain atrophy, ventriculomegaly,
microcephaly, seizures, and hypotonia

* Hearing loss

* Hepatosplenomegaly

e Jaundice

» Petechiae

e Qcular features includes chorioretinitis,
microphthalmos, microcornea, cataract, optic
nerve hypoplasia, disc anomaly, keratitis, and
glaucoma

Like congenital toxoplasmosis, chorioretinitis
is the most common ophthalmic manifestation
seen [11, 23-25].

Test for diagnosis of congenital cytomegalovi-
rus infection includes:

1. Isolation of virus from urine

2. Identification of CMV-DNA by polymerase
chain reaction (PCR) in urine, blood (includ-
ing dried blood spots (DBS)), saliva, and
cerebrospinal fluid sampled before 3 weeks
of age

3. Detection of antigen or CMV-IgM in blood

Detection of IgM antibodies before 2—3 weeks
of age in a new born is indicative of a congenital
infection.

14.3 Herpes Simplex Virus (HSV)
Infection

HSV strains are of two types—HSV-1 and HSV-
2. HSV-1 is the oral strain and HSV-2 is genital
strain. HSV-1 causes mouth lesions, eye infec-
tions, and encephalitis, while HSV-2 causes geni-
tal infection. The HSV-2 IS transmitted venereally
[26, 27]. Multiple studies have reported the asso-
ciation of congenital cataracts with HSV infec-
tion [4,28,29]. Both HSV 1 and 2 were implicated
in neonatal infections and more often causes
Conjunctivitis, keratitis, iridocyclitis, iris atro-
phy, cataract, posterior synechiae, Retinitis, cho-
rioretinitis, chorioretinal scarring, optic atrophy,
optic neuritis and microphthalmos [11]. Common
morphology reported in literature in Herpes con-
genital cataract is anterior linear cortical cataract
and fluid clefts.

Diagnosis of congenital Herpes.

Serological diagnoses can be made with detec-
tion of Ig M antibody in infant blood.

14.4 Congenital Rubella
Syndrome

Gregg in 1941, during epidemic of rubella in
Australia, put forward that Rubella infection can be
a cause of congenital cataract [30]. He had given
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idea of maternally transmitted infections causing
ocular and systemic disease in children and it
remains a milestone in ophthalmology and epidemi-
ology. Rubella is still an important cause of congeni-
tal cataract in developing countries, despite being
eradicated from developed countries [3, 31, 32].

14.4.1 Clinical Presentation

Congenital rubella syndrome (CRS) involves
multiple systems of patients. Congenital heart
disease, deafness, and cataract is the classical
triad seen in patients with congenital rubella
syndrome [23]. World health organization
(WHO) has given the clinical criteria for diag-
nosing CRS [33] (Table 14.1). Cardiovascular
abnormalities seen in this syndrome include pat-
ent ductus arteriosus (PDA) (most common),
atrial septal defect, pulmonary stenosis, and ven-
tricular septal defect [34].

Table 14.1 WHO criteria for diagnosis of CRS

Neurological abnormalities consist of micro-
cephaly, hearing disorder, developmental delay,
mental retardation, seizure disorder, and speech
abnormality [34, 35] (Fig. 14.2).

Ocular features are the following, and the
presence of these features would raise a suspicion
of CRS [35-37]:

e Microphthalmos (Fig. 14.3).

e Opacification or cloudiness of cornea may be
present (Fig. 14.4).

e Abnormal iris pattern like atrophy of iris, iri-
tis, iridocyclitis, or iris hypoplasia may be
seen. In most of the patients, pupils are non-
dilating (Fig. 14.5).

e Lens may be cataractous which include total,
nuclear, or membranous type. Sometimes,
peripheral clear area around central cataract
may be seen (Fig. 14.6).

e Anterior chamber angle abnormalities and
glaucoma may be present.

Infection only Suspected

Probable Confirmed

Patient does not meet the
criteria for a probable or
confirmed case but who has

Only laboratory
evidence of infection
demonstrated by-

Patient with at least one
of the symptoms

Patient does not have the
laboratory confirmation but

Isolation of rubella | one or more of the following
virus finding:
OR Cataracts

Detection of
rubella-specific IgM
antibody
OR
Persistence of
rubella antibody at
a higher level and
for a longer period
of time than
expected from
passive transfer of
maternal antibody
OR
A specimen that is
PCR positive for
rubella virus

Congenital glaucoma
Congenital heart disease
(PDA or PS)

Hearing impairment
Pigmentary retinopathy
Purpura
Hepatosplenomagaly
Jaundice

Microcephaly
Developmental delay
Meningoencephalitis
Radiolucent bone disease

has at least two of the
following finding:
Cataracts
Congenital glaucoma
Congenital heart disease
(PDA or PS)
Hearing impairment
Pigmentary retinopathy
OR
Patient does not have the
laboratory confirmation but
has at least one or more of
the following finding:
Cataracts
Congenital glaucoma
Congenital heart disease
(PDA or PS)
Hearing impairment
Pigmentary retinopathy
AND

one or more of the following:

Purpura
Hepatosplenomagaly
Jaundice

Microcephaly
Developmental delay
Meningoencephalitis
Radiolucent bone disease

clinically consistent with
congenital rubella
syndrome, and
laboratory evidence of
congenital rubella
infection demonstrated
by:
Isolation of virus
OR
Detection of rubella
specific [gM
OR
Persistence of rubella
antibody at a higher
level and for a longer
period of time than
expected from passive
transfer of maternal
antibody
OR
A specimen that is
PCR positive for
rubella virus
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* Retina may show features of pigmentary reti- (Fig. 14.7). Maculopathy may be associated
nopathy typically salt and pepper type with it. In vitro studies have observed that
rubella virus infection of RPE can hamper the
phagocytosis function by RPE cells [38].
Subretinal neovascularization may be seen in
rare cases [20].

e There might be presence of squint or
nystagmus.

e Optic atrophy, optic neuritis, lens absorption,
keratoconus, corneal hydrops, or even phthisis
bulbi may often be associated [20]

14.5 Management

General principles of management remain simi-
lar to normal pediatric cataract surgery. Here we

discuss about the management specifically

Fig 14.2 Showing 6-month-old child with microcephaly  1e]ated to cataract with infective etiology.
with CRS

Fig. 14.3 (a, ¢) Two-month-old infant with clinical pic- showing microphthalmos, microcornea, shallow anterior
ture showing microphthalmos, small pupil, atrophic iris ~chamber, and membranous cataract on ultrasound biomi-
and cataract of right and left eye, respectively, (b, d) croscopy of the same patient
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Fig. 14.4 Hazy cornea, atrophic iris, and cataract in
infant with CRS

14.5.1 Preoperative Evaluation

It starts with a good history taking, also including
various investigations to confirm the diagnosis
and prognosticating the disease. It is equally
important to emphasize the need for counseling
the parents to relieve their anxiety and fear related
to the condition in their child.

1. History—a thorough history to rule out the
presence of fever with rash in antenatal period
should be taken.

2. Investigation—TORCH profile done in cases
with bilateral congenital cataract where there
is high clinical suspicion based on ocular or
systemic findings.

In children infected with rubella, the spe-
cific IgM is present up to 3 months of age in
all confirmed cases. It is present in 86% at the
age of 3—6 months, 62% at 6 months to 1 year,
and 42% at 12—-18 months, rarely above 18
months. Maternally transferred rubella spe-
cific IgG disappears by around 6 months of
age. A persistent level of High IgG or Rubella
specific IgG during the age of 1-2 years is an
indication to congenital infection by this
organism. Antibody levels are higher after

congenital infection than after vaccination
[37]. In addition, due to multisystem involve-
ment seen in these conditions an appropriate
systemic evaluation has to be undertaken in
these patients.

Cardiology evaluation may reveal the
presence of patent ductus arteriosus, pulmo-
nary stenosis, ventricular septal defect, and
atrial septal defect and any of these if seen
have to be tackled accordingly. Neurology
evaluation is done in cases with seizure and
gross developmental delay. ENT evaluation
should be done to rule out sensorineural hear-
ing loss.

3. Parent counseling—It is particularly impor-

tant in these cases as there is a higher rate of
both intraoperative and postoperative surgical
complications as compared to normal pediat-
ric cataract surgery with normal axial length.
Parents should be explained that in eyes with
microphthalmos and or microcornea due to
TORCH infection there is a chance of
increased tissue manipulation during surgery.
This in turn leads to increase in the postopera-
tive complications including anterior chamber
inflammation, posterior synechiae, glaucoma,
and posterior capsular opacification (PCO).
Regarding IOL, parents need to be counseled
in cases where no IOL has been inserted
regarding visual rehabilitation with aphakic
glasses or contact lenses.

14.5.2 Intraoperative

1. Starts with an examination under anesthesia to
measure and note the various parameters like
corneal diameter, keratometry and axial
length. IOL may not be implanted if horizontal
corneal diameter is less than 10 mm and axial
length is less than 17 mm or at least two stan-
dard deviations below the mean for age [39].

2. Anterior segment examination: Gonioscopy
is performed in each patient suspected of
having shallow angle with Swan Jacob goin-
iolens to observe for crowding of angle and
also to compare the anterior chamber angles
between the two eyes. Ultrasound biomi-
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Fig. 14.5 CRS with iris abnormality. (a) Patchy iris atro-
phy with non-dilating pupil with membraneous cataract.
(b) Loss of normal iris pattern with diffuse iris atrophy

croscopy (UBM) may also be done to evalu-
ate the angle, anterior chamber depth, lens
thickness, bag to bag diameter, measurement
of natural lens and also to know status of
posterior capsule of lens.

3. Incision: In eyes with microcornea and
microphthalmos—Ilength of clear corneal
incision made is kept smaller or scleral entry
to anterior chamber can be done to minimize
corneal trauma and postoperative decompen-

along with total congenital cataract with plaque over ante-
rior capsule (c) Iris atrophy with posterior synechiae with
membranous calcified cataract

sation. Two such incisions should be made,
180° apart in nasal and temporal quadrants.
The corneal incision must be meticulously
built in order to prevent iris prolapse and
maintain a stable anterior chamber intra- and
postoperatively. In microcornea, IOL is not
implanted so it averts the need for a 2.2/2.8
mm superior incision.

. Anterior chamber depth: In microphthalmos,

anterior chamber is on shallower side, so the
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Fig. 14.6 Different type of cataract in CRS. (a) Total cataract, (b) nuclear cataract, (c¢) absorbed cataract, (d) membra-
nous cataract

distance between the lens and corneal endo- 5. Management of a small pupil: In Cataract

thelium is reduced hence restricting the
space for maneuvering during surgery.
Arshinoff’s soft-shell method may be useful
in such cases. First cohesive ophthalmic vis-
cosurgical device (OVD) is injected into the
center of the anterior chamber in order to
inflate the anterior chamber and then a dis-
persive OVD is injected on top to protect the
corneal endothelium [40].

due to TORCH infection particularly rubella,
children may have poorly or non-dilating
pupils and/or posterior synechiae. If ade-
quate pupil dilation is not achieved after
intracameral injection of mydriatics and
release of posterior synechiae, cohesive
OVDs may be used to facilitate mydriasis
[41]. If pupil is still not dilating with cohe-
sive OVDs, adequate size pupilloplasty
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Fig. 14.7 Retinal changes in CRS. (a) Retcam picture
showing mild salt and pepper retinopathy at macula. (b)
Chorioretinal atrophy with Salt and pepper retinopathy.

should be done with vitrectomy cutter. This
will also reduce future incidence of VAO.

6. Continuous  curvilinear  capsulorrhexis
(CCCO): Anterior continuous curvilinear cap-
sulorhexis in microphthalmic eyes is little
challenging and complicated because of
shallow  anterior = chamber, elevated
intraocular pressure and extreme elasticity of
the anterior capsule in all pediatric cataract
[42]. Staining of anterior capsule of lens
with trypan blue dye is done under air this is
preferred method. This is followed by
expanding the anterior chamber by cohesive
OVD till the anterior capsule becomes flat

(¢, d) Intraoperative fundus view with wide angle viewing
system with anterior route showing rubella pigmentary
retinopathy (¢) and maculopathy (d)

and this enables a sufficient operating space
and also counteracts the elevated posterior
pressure. In some cases, cataract is membra-
nous with fibrosed and fused anterior cap-
sule. In such cases, incision is made on the
fibrosed capsule with MVR blade and rhexis
is completed 360° with the help of microvit-
reoretinal scissor (Fig. 14.8).

. Hydrodissection and lens aspiration: Mild

hydrodissection in all quadrants aids in low-
ering surgical time period and improving the
cortical clean up [43]. Lens matter can be
aspirated by either Coaxial or bimanual
methods. Bimanual method of lens matter
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Fig. 14.8 Intraoperative picture of a patient with CRS
with absorbed cataract with fibrosis of capsule (a) Incision
with MVR is made in the fused anterior and posterior cap-
sule. (b) Central 4 mm opening is made with microinci-

aspiration is preferred as it helps in complete
removal of lens matter including subinci-
sional one. It additionally provides improve
chamber stability and more meticulous lens
aspiration.

8. Posterior capsulorhexis and anterior vitrec-
tomy: Pediatric cataract with TORCH infec-
tion has high incidence of VAO formation
compared to normal [44]. Posterior capsu-
lorhexis with or without anterior vitrectomy
has been used to lessen VAO formation since

sion. (¢) Anterior vitrectomy is done after making
opening, 360 support is present for IOL insertion in
sulcus

1980s [45]. This is standard method of pre-
vention of VAO formation in pediatric cata-
ract surgery and it is advocated by many
previous studies [46—49]. So, we suggest pos-
terior capsulorhexis in pediatric patients up to
8 years of age and anterior vitrectomy up to 6
years of age specially in cataract with
TORCH infection [39, 50]. Procedure has
been discussed in detail in Chap. 3.

. IOL implantation: IOL should not be

implanted in eyes with severe microcornea
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or microphthalmos. If the Axial Length is
>17 mm and white to white distance is
>10 mm then IOL can be implanted to reduce
the postoperative refractive error and ambly-
opia [39]. Peripheral iridectomy should be
done if IOL is not implanted.

10. Viscoelastic removal and wound suturing:
All Viscoelastic substance should be removed
from the chamber at the end of surgery. In
most of the cases high molecular weight
OVD is used, so aspiration is generally easy
and fast. In the end main incision which is
used for IOL implantation must be sutured
with 10-0 nylon suture to prevent wound
leakage and thus minimize the risk of hypot-
ony. Side incision is closed with wound
hydration and if in cases side wound is leak-
ing then wound must be secured with 10-0
nylon suture.

14.6 Complication

1. Corneal injury: Risk of corneal injury is more
in patients with microphthalmic eye because
of the shallow anterior chamber which reduces
the distance between the instruments and the
cornea, making the eye more susceptible to
corneal endothelial injury.

2. Posterior synechiae: Posterior synechiae is
one of the important postoperative complica-
tions of pediatric cataract extraction with
infective etiology. In microphthalmos with
cataract the incidence of posterior synechiae
formation after surgery reported is as much as
35.7-59.5% [51, 52]. The cause of posterior
synechiae formation is intense postoperative
anterior chamber inflammation. This may be
due to release of rubella virus from intralen-
ticular space and thus causes severe inflam-
mation either by direct viral insults or by
delayed hypersensitivity reaction. Live rubella
virus has been isolated from the lens till 3
years of age [44]. Good postoperative inflam-
matory control with mydriatics like atropine
1% and intensive topical steroids minimize
the formation posterior synechiae.

3. Glaucoma: Pediatric cataract with infective
etiology with microphthalmos has a crowding
of anterior chamber angle and thus is suscep-
tible to postoperative glaucoma. Incidence of
secondary glaucoma in cataract surgery with
micropthalmos is 30.9-43.2% of patients [51,
52]. Management includes inclusion of a
peripheral iridectomy during cataract surgery
and adequate anterior vitrectomy and meticu-
lous control of inflammation in postoperative
period.

4. Visual axis opacification: Children have high
incidence of visual axis opacification because
of younger age and of course in this case inci-
dence increases due to infective etiology of
cataract. VAO after cataract surgery in microph-
thalmos range from 16.6 to 24.3% [51, 52].

14.7 Visual Rehabilitation

It is suggested that in eyes with microphthalmia,
IOL implantation should be deferred to lessen the
risks of complications such as posterior syn-
echiae and glaucoma [51, 53]. The general man-
agement for aphakia after cataract extraction is
wearing spectacles or contact lenses and follow
up at regular interval. Most important is counsel-
ing of parents to encourage the use of glasses.
Refraction should be done at regular interval.
Parents must ensure that child is wearing glass
with latest refractive power. In unilateral aphakia
amblyopia therapy should be given. Alternate to
spectacles is use of contact lens. In future,
Secondary IOL implantation may be planned on
the basis of growth of the aphakic eye.

Spectacles: 1t is the most important form of
refractive correction in patients with binocular
aphakia specially in developing countries.
Advantages of glasses include affordability, safe,
easy to wear compared to contact lens, can be
replaced readily and monofocal and bifocal
design are available.

Disadvantages are:

Cosmetic blemish and cumbersome to wear—
Aphakic glasses are thick and heavy, which
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causes cosmetic blemish. In infant and younger
kids, the nose bridge and ears are not fully devel-
oped, which makes it tough to achieve a solid suit
for the spectacles.

Others problems are image magnification,
restricted field of vision, colored vision, spherical
aberration, prismatic aberration

Contacts lens—Contact lens is one of the best
devices to visually rehabilitate the children with
aphakia specially in unilateral cases.

Advantages are less magnification of image,
elimination of aberration, wider and better field
of view and cosmetically more acceptable.

Disadvantages are compliance in young chil-
dren is poor, costly, allergic hypersensitivity to
lens some may develop corneal infection.

14.8 Conclusion

Cataract with infective etiology is usually bilat-
eral and the children often have systemic associa-
tion. Most of the patients have other ocular
morbidity besides having cataract. So, doing sur-
gery in these cases is challenging. IOL implanta-
tion should be delayed in microphthalmos in
view of many postoperative complications.
Postoperative complications like VAO, posterior
synechiae, secondary glaucoma is more in this
type of cataract. These complications can be min-
imized with proper preoperative planning, metic-
ulous surgery and judicious control of
inflammation in postoperative period. Most of
the patients can achieve good vision with proper
management.
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Childhood cataract may occur in association with
ocular comorbidities involving cornea, angle
structures, and/or iris. These abnormalities may
include congenital glaucoma and anterior seg-
ment dysgenesis. These associated abnormalities
may alter presentation and management of these
conditions. In this chapter, we will discuss these
two entities in separate section. They have been
clubbed together since anterior segment dysgen-
esis is associated with glaucoma in significant
number of cases and few cases of presumed pri-
mary congenital glaucoma may actually be sec-
ondary to anterior segment dysgenesis.

15.1 Childhood Glaucoma
 Introduction

e Clinical presentation

e Investigations

e Surgical outcomes
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15.1.1 Introduction

Primary congenital glaucoma (PCG) is an anom-
aly affecting anterior chamber angle which leads
to obstruction of aqueous outflow, increased
intraocular pressure (IOP) and optic nerve dam-
age [1]. Buphthalmos is an alternate term used to
describe congenital glaucoma. Buphthalmos
means “bull’s eye.” It is used to describe visible
enlargement of the eyeball and clouding of cor-
nea at birth or early childhood due to uncon-
trolled glaucoma [2]. High intraocular pressure
(IOP) causes increase in axial length and corneal
dimensions of the eye, leading to axial myopia,
stretched limbus, corneal thinning and visibly
enlarged eyeballs. The common causes of buph-
thalmos include primary congenital glaucoma
(PCG), Sturge-Weber syndrome, neurofibroma-
tosis, and aniridia [2].

Incidence of PCG is one in every 10,000—
15,000 live births which accounts for 0.01-0.04%
of total blindness [3]. It is bilateral in up to 80%
of cases and two-third of cases are males. Most
cases are sporadic (90%) [4]. However, in the
remaining 10%, there appears to be a strong
familial component.

15.1.2 Clinical Presentation

PCG patients may present with corneal haze,
enlarged eye size, or abnormal eye move-
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ments. Vision loss in these eyes may occur
secondary to uncorrected refractive error, cor-
neal opacity, optic nerve damage, amblyopia,
and cataracts. Cataract may be congenital/
developmental or as a sequalae to glaucoma
filtration surgery. Examination findings may
be variable.

e Progressive myopia and high astigmatism
may be seen.

e Cornea may be hazy and presence of Haab
striae is a common finding (Fig. 15.1).

e Cataract may be anterior or posterior subcap-
sular cataract, total or less commonly cortical
or zonular cataract (Fig. 15.2). Cataract may
be primary or more commonly secondary to
trabeculectomy in 6-58% cases [5—7]. Zonular
weakness may be present.

e Bleb in post trabeculectomy eyes with buph-
thalmos may be thin cystic and rarely associ-
ated with other complications (Fig. 15.3).

e Fundus examination may reveal advanced
cupping. The cupping may be reversible in
small children. Features associated with path-
ological myopia may be seen.

15.1.3 Investigations

In addition to usual investigations, Ultrasound
biomicroscopy (UBM) can be used for measure-
ment of angle to angle and bag diameter and aid
in planning of surgery (Fig. 15.4). UBM also
helps to assess anterior segment structures, ante-
rior chamber depth (ACD), angle anomalies,
abnormal iris insertion, helps assess sulcus-to-
sulcus measurement and identifies lax zonules
and posterior capsular defect preoperatively [8].
15.1.3.1 Management of Cataract

in Buphthalmic Eyes

Apart from the routine challenges encountered,
there are additional surgical difficulties faced by
surgeon while operating cataract in buphthalmic
eyes. These include the following:

e Corneal haze may cause difficulty in visual-
ization during surgery (Fig. 15.5). IOP should
be controlled before surgery. We recommend
use of dye for staining of anterior capsule in
such cases. Posterior capsule may also require
staining if visibility is low.

Fig. 15.1 Congenital glaucoma with Haab striae and total cataract. (a) Preoperative picture where large superior and
multiple peripheral Haab striae. (b) Postoperative picture with IOL in situ and more pronounced Haab striae
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Fig. 15.2 Morphology in cataract with childhood glaucoma post trabeculectomy. (a) Posterior subcapsular cataract.
(b) Cortical cataract. (¢) Diffuse cataract with large superonasal peripheral iridotomy

Fig. 15.3 Post trabeculectomy thin cystic bleb with iris prolapse from the ostium and total cataract. (a) Clinical picture.
(b) Ultrasound biomicroscopy of the same showing patent ostium and elevated bleb
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Fig. 15.4 Ultrasound biomicroscopy showing dimensions of buphthalmic eye. Complete white to white examination
is not possible in single view. (a) Angle to angle distance, (b) bag diameter

Fig. 15.5 Six-year-old child with congenital glaucoma with corneal haze with atrophic iris. (a) Preoperative picture
with total cataract. (b) Postoperative picture with circular anterior and posterior capsulorhexis and IOL in bag

Very deep anterior chamber (AC) may
result in difficult instrumentation.
Intraoperatively, anterior chamber depth may
show frequent fluctuations due to low scleral
rigidity. We use microincision forceps with
longer arm compared to utrata’s forceps for
capsulorhexis. Use of bimanual irrigation and

aspiration provides better control to the
situation.

Zonular weakness: Phacodonesis, lax lens
zonules, liquefied vitreous and, thus, a weak
posterior capsular support can lead to inadver-
tent complications. There is increased risk of
vitreous loss in these patients.
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e Wound apposition: Bupththalmic eyes have
thin sclera and cornea. Hydration alone does not
provide sufficient wound closure in most cases.
We recommend suturing of main wound as well
as side port to prevent postoperative shallow AC.

e IOL power calculation remains difficult.
Post-trabeculectomy buphthalmic eyes have a
shift towards with-the rule astigmatism [9,
10]. As most of these eyes are high myopic,
IOL power calculation should be done using
appropriate IOL formulae e.g., SRK-T for
axial lengths >24.5 mm. Many a times, no
single IOL power formulae might be able to
predict the correct emmetropic power of
implant for buphthalmic eyes. Parents should
be counseled preoperatively, regarding use of
spectacles for distance and near vision.

e Large eye size and bag dimensions that may
lead to postoperative intraocular lens (IOL)
decentration [11, 12]. In the bag IOL place-
ment with posterior capsulorhexis has been
reported to be associated with decentration.
The technique of IOL implantation in the sul-
cus with optic capture with anterior or both
anterior and posterior capsule (i.e., optic in
bag and haptic in sulcus) may provide satis-
factory anatomical outcome (Fig. 15.6) [12].

15.1.4 Surgical Outcomes

Temporary cessation of ocular growth is reported
after adequate IOP control in eyes with
AL > 22 mm and in children aged 3 months or
older [13].

Our experience with 31 eyes of primary con-
genital glaucoma (post trabeculectomy) with
visually significant cataract undergoing lens aspi-
ration surgery showed a mean best corrected
visual acuity of 6/60 (Snellen’s) at 1 year postop-
eratively. Reasonably predictable refractive
results were obtained in these eyes, provided
glaucoma was well controlled [14].

Thus, besides control of IOP, visual rehabilita-
tion of buphthalmic eyes may involve appropriate
management for amblyopia, keratoplasty for cor-
neal opacity in addition to timely cataract surgery
for visually significant cataract. Buphthalmic
eyes undergoing cataract surgery can achieve
successful refractive and visual outcomes if care-
ful preoperative planning is carried out regarding
the choice of IOL type and IOL power, taking
into consideration the adequacy of intraocular
pressure control, accurate biometry, assessment
of bag size and use of appropriate IOL power
formulae.

Fig. 15.6 Fifteen-month-old child with congenital glau-
coma with corneal haze with Haab striae and large cornea
(buphthalmos). (a) Preoperative picture with Anterior and
posterior subcapsular cataract. (b) Postoperative picture

with IOL in sulcus with optic capture with anterior and
posterior capsulorhexis (bag complex) for better
centration
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15.2 Anterior Segment
Dysgenesis

Anterior segment dysgenesis (ASD) is a group of
disorders arising from abnormal development in
cornea, iris, lens and angle structures. This
includes Axenfeld’s anomaly, Rieger’s anomaly,
Axenfeld-Rieger syndrome (ARS), Peters anom-
aly, sclerocornea, aniridia, posterior keratoconus,
and iridogoniodysgenesis. It occurs due to abnor-
malities in neural crest differentiation and migra-
tion. Various classifications are used for describing
ASD depending either on their clinical features or
area of involvement [15-17]. Lens abnormalities
are not uncommon in cases with ASD. Townsend,
Font, and Zimmerman have classified ASD based
on involvement as Descemet layer defect alone or
associated with lens abnormalities or with iris
stromal abnormalities. This involvement of lens
suggested the effects of primary mesenchymal
defect on the development of lens [17].

15.2.1 Embryology

The surface ectoderm invaginates and forms lens
vesicle in the embryonic cup at sixth week of ges-
tation. Then, neural-crest-derived tissue migrates
in three waves beneath this surface ectoderm.
The surface ectoderm forms the corneal epithe-

lium. The three waves forms endothelium, cor-
neal stroma, and iris stroma. Any arrest in the
development of these layers may affect further
development of anterior chamber leading to dif-
ferent presentations of ASD [18].

15.2.2 Genetics

Many genes are involved in the ASD with vari-
able degree of penetrance. Forty percent cases
occur due to involvement of PITX2 (4q25) and
FOXCI (6p25). Typically, PITX2 disruption is
associated with ARS with ocular and dental
abnormalities, and FOXC1 is associated with
ARS with hearing or cardiac abnormalities.
Others associated with ARS include PAX6
(11p13) and FOXO1A (13q14) [19, 20]. ARS has
autosomal dominant inheritance pattern in 70%
cases. In Peter’s anomaly, rare cases have been
attributed to PITX2, FOXC1, and PAX6 muta-
tions, but the majority of cases are sporadic
[21-23].

15.2.3 Clinical Features
e Axenfeld-Rieger syndrome

* Axenfeld anomaly presents as posterior
embryotoxon (Fig. 15.7) (anteriorly displaced

y

Fig. 15.7 Mild variant of Axenfield-Rieger syndrome (a, b) Posterior embryotoxon in 9-month-old child with cataract
in right and left eye, respectively. Also notice presence of corectopia in both eyes
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Schwalbe line) and iris strands adhered to the
anteriorly displaced Schwalbe line. Rieger
anomaly includes posterior embryotoxon,
pseudopolycoria, and iris atrophy (Fig. 15.8)
while Rieger syndrome is Rieger anomaly
along with systemic findings including facial
bone defects, hypertelorism, telecanthus,
maxillary hypoplasia, dental abnormalities
(microdontia and hypodontia), umbilical
abnormalities or pituitary involvement. Thus,
they are now considered as a spectrum of dis-
order termed as Axenfeld-Rieger syndrome
(Fig. 15.9). It may vary from subtle changes in
the angle to severe ocular changes. Systemic
involvement may also include cardiac and
endocrine system. Fifty percent cases with

0s

Fig. 15.8 (a, b) Rieger Anomaly-polycoria and iris atrophy in 7-year-old girl in right and left eye respectively

P

|

Fig. 15.9 Severe variant of Axenfield-Rieger syn-
drome—posterior embryotoxon with corectopia, iris atro-
phy and polycoria along with total cataract

ARS are associated with glaucoma [24, 25].
e Peters anomaly

e Peter syndrome is characterized by a shal-

low anterior chamber, synechiae between
iris and cornea and central corneal opac-
ity. It occurs due to defect in endothelium,
Descemet membrane and posterior stroma
due to the defect in the migration of the
neural crest cells. This syndrome can vary
in severity with ocular findings ranging
from unilateral mild central corneal opac-
ity to severe bilateral microphthalmia, cor-
neal opacification, cataract, and glaucoma.
Eighty percent of cases have bilateral pre-
sentation. The Peters anomaly has been

further divided into type I and type II. Type
I Peters anomaly is categorized by central
corneal opacity and iridocorneal adhesions
(Fig. 15.10). Type II Peters anomaly has a
more severe phenotype with corneal opac-
ity and lens involvement with iridocorneal
touch with or without cataract (Fig. 15.11).
The Peters plus syndrome includes the
anterior segment findings with systemic
developmental anomalies. These include
craniofacial dysmorphism, cleft lip/palate,
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Fig. 15.10 Peter’s anomaly type 1 in 2-month-old child.  air in anterior chamber, irregular air bubble is seen due to
(a) Small corneal opacity with iridocorneal adhesions iridocorneal adhesions. (¢) Ultrasound biomicroscopy of
with cataract. (b) Intraoperative picture after ingestion of  the same showing fine central iridocorneal adhesions

Fig.15.11 Peter’s anomaly type 2 in 4-month-old child. (a) Central corneal opacity with total cataract. (b) Ultrasound
biomicroscopy of the same showing iridolenticular adhesions with anterior displacement of lens
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short stature, brachydactylyl, ear abnormal-
ities, and mental retardation [26, 27].
* Aniridia

Aniridia is a rare congenital disorder character-
ized by iris hypoplasia along with other abnor-
malities of the eye [28]. Ocular abnormalities
include dry eye, aniridia associated keratopathy
(AAK) (Fig. 15.12), angle abnormalities, glau-
coma, cataract, foveal hypoplasia, optic nerve
hypoplasia, nystagmus, or strabismus [29-31].
Cataract morphology may be anterior or poste-
rior subcapsular, lamellar, cortical, total or a
combination of the above [28] (Fig. 15.13).
Zonular weakness may be seen and ectopia len-
tis may be associated in some patients [28].
This can be managed with placement of capsu-
lar tension ring in mild cases (Fig. 15.14).
Anterior polar or pyramidal cataract may be
associated with aniridia along with remnants of
persistent fetal vasculature [32] (Fig. 15.15).

15.2.4 Differential Diagnosis

The differential diagnosis of ASD includes
obstetric trauma, congenital glaucoma, intrauter-
ine infections like rubella, herpes simplex virus
and bacterial infections, iridocorneo-endothelial
syndrome (Fig. 15.16), metabolic diseases like
mucopolysaccharidosis, mucolipidoses and tyro-
sinosis, congenital hereditary endothelial dystro-
phy, congenital hereditary stromal dystrophy and
dermoids.

15.2.5 Investigations

Apart from usual investigations ultrasound bio-
microscopy may allow us to preoperatively assess
the area beneath the corneal opacity. It helps us to
determine the area of corneal opacity, depth of
opacity, presence of iris adhesion, anterior cham-
ber depth and angle details in the involved area.
The lens can be visualized and observed for
kerato-lenticular adhesion or presence of any tilt-
ing of the lens (Figs. 15.10b, 15.11b, and 15.13d,
e). This can help us in the planning of the cataract
surgery and a better outcome.

15.2.6 Surgical Pearls

Patients with ASD should be screened for glau-
coma and managed appropriately. They require
optimization of visual function which includes
refractive error prescription and tinted contact
lenses for photophobia. This is important for pre-
vention and treatment of amblyopia. Few patients
may also require surgery for corneal opacity, lens
abnormality or glaucoma management. Various
challenges may be involved in the cataract sur-
gery in cases with ASD.

e Corneal abnormalities: Corneal opacity or
AAK may cause difficulty in visualization.
Staining of the anterior capsule enhances its
visualization during capsulorhexis. Other
methods like use of illumination techniques

Fig. 15.12 Aniridia associated keratopathy with corneal opacity with 360° pannus. (a) Clinical picture. (b) Ultrasound
biomicroscopy of the same showing anterior subcapsular cataract, not clearly seen clinically
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Fig. 15.13 Aniridia with cataract. (a) Clinical picture of
insignificant anterior polar with cortical cataract. (b)
Clinical picture of posterior subcapsular cataract. (c)
Clinical picture of total cataract with inferior notching due
to zonular laxity (Pseudo-coloboma). (d) UBM of aniridia

patient showing minimal cataract and remnant of iris
stump clearly with no subluxation. (¢) UBM of aniridia
patient with anterior polar and zonular cataract with zonu-
lar laxity causing increase in lens globularity
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Fig. 15.16 Sixteen-year-old girl with Cogan Reese syn-
drome. Notice atophic iris and corectopia with iris
nodules

Fig. 15.14 Postoperative picture of aniridia with mild

subluxation. Notice anterior and posterior capsulorhexis
with well-centered IOL in bag with capsular tension ring

Fig. 15.15 Aniridia with anterior polar cataract with
remnant of persistent fetal vasculature

like transcorneal oblique illumination or endo-
scope assisted surgery can help in better visu-
alization but are time-consuming methods
with a greater learning curve [33-35]. Image-
guided surgery using femtosecond laser for
cataract surgery in peter syndrome has also
been recently used [36]. However, the depth
and height of the femtosecond laser should be

cautiously adjusted to avoid damage to the
endothelium.

Presence of kerato-lenticular  adhesion
increases difficulty in surgical maneuvering.
There may be risk of Descemet and endothe-
lial damage during release of the keratolenti-
cluar adhesions and difficulty to achieve
appropriate size regular capsulorhexis. We
have also noticed “irregular air bubble” in
anterior chamber as a sign of presence of
adhesions when they are not clearly visible
(Fig. 15.17a, b).

Iris abnormalities like corectopia, polycoria,
iridocorneal adhesion, posterior synechiae
between iris and lens may require anterior seg-
ment reconstruction may be required with syn-
echiae release, anterior chamber formation or
pupilloplasty along with the cataract surgery.
Aniridia patients require use of tinted glasses or
contact lens. Iris prosthetic devices may be used
[37]. There is risk of secondary glaucoma, cor-
neal decompenstion, band shaped keratopathy
and device displacement [38] (Fig. 15.18).
Zonular weakness: Aniridia cases have been
reported with zonular laxity and lens sublux-
ation. Use of capsular tension ring in cases
with mild zonular laxity may give more desir-
able anatomical outcomes.
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Fig. 15.17 Irregular air bubble sign in Anterior segment
dysgenesis with glaucoma. (a) Corneal opacity with irido-
corneal adhesions with Haab striae with anterior capsular
pigments and zonular cataract. (b) Intraoperative picture

Fig. 15.18 One year postoperative picture of patient
operated with Iris implant (outside center) with acquired
aniridia (traumatic) with band shaped keratopathy and
corneal decompensation

* Glaucoma management in cases with ASD is
of importance and may include medical man-
agement, surgical management or both. Thus
a regular follow-up with monitoring of visual
acuity and the intraocular pressure is crucial.

Challenges in surgery in patients with ASD
have to be carefully dealt with, in order to achieve

after ingestion of air in anterior chamber, irregular air
bubble is seen. Iridocorneal adhesions which were not
clearly seen preoperatively are enhanced

satisfactory visual outcome. In addition to cata-
ract surgery, glaucoma management is of utmost
importance in these cases.
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16.1 Introduction

Preterm babies with retinopathy of prematurity
(ROP) can have poor visual prognosis if not
treated early. Presence of cataract in these indi-
viduals may further delay proper screening and
adequate treatment. Cataract can also develop
post-treatment for ROP, making follow-up
assessment of disease activity difficult.
Amblyopia is another important component to be
addressed in these small individuals. This chapter
highlights the different aspects of cataract in a
ROP case including the causes, pathophysiology,
types, and management. The preoperative
workup, intraoperative challenges and postopera-
tive care required in such babies is discussed.

Supplementary Information The online version of this
chapter (https://doi.org/10.1007/978-981-16-0212-2_16)
contains supplementary material, which is available to
authorized users.

A. Surve
R P Center, AIIMS, New Delhi, India

C. Dhull
Eye Q Hospital, Rohtak, Haryana, India

S. K. Khokhar (D<)

Professor Ophthalmology, Dr. RP Centre for
Ophthalmic Sciences, All India Institute of Medical
Sciences, New Delhi, India

© Springer Nature Singapore Pte Ltd. 2022

16.2 Epidemiology

Cataract is defined as any opacity in the lens and
prevalence of 1.2—6 cases per 10,000 infants [1].
The normal development of fetus occurs up to 40
weeks gestational age (GA). Those babies born
before 34 weeks gestational age, having birth
weight less than 1750 g and those >34 weeks GA
or >1750 g with high-risk factors are at risk for
retinopathy of prematurity (ROP) and hence
screened [2]. The incidence of ROP in these pre-
term babies has increased due to an increased
survival rate of preterm and poor health care reg-
ulations regarding neonatal care and screening
guidelines. These preterm low birth weight
babies are also at risk to have cataract and an
incidence of 0.97-1.9% is seen in these preterms
[3, 4]. These lenticular opacities can lead to dif-
ficulty in assessment of the posterior segment sta-
tus and management of same.

16.3 Type of Cataract

The different morphologies of cataract seen in
preterm babies include [3, 5-9]:

1. Focal opacities either punctate or vacuo-
lated—These are usually transient, visually
insignificantly and resolve spontaneously.
Seen in approximately 2.7% of low birth
weight infants [10, 11](Fig. 16.1)
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Fig. 16.1 Fifty-two weeks post-gestation age patient
with cataract pulverulenta, Zone 2 spontaneously
regressed ROP

Fig. 16.2 Forty weeks post-gestation age patient with
total cataract, 4 weeks following laser therapy for Zone 1
stage 3 ROP

2.
3.
4.
5.

Zonular cataract

Total cataract (Fig. 16.2)

Anterior or posterior subcapsular cataract
Complicated cataract—Seen as posterior sub-
capsular cataract with polychromatic luster or
partially absorbed membranous cataract.
Usually associated with retinal detachment.

16.4 Causes

Infantile cataract can develop due to intrauterine
infections, drug-related, metabolic disorders, or
inherited disorders. While many of these cases are
bilateral, asymmetrical presentation is also com-
monly seen [1, 12]. In a premature child, cataract
can form because of the systemic status, retinopa-
thy of prematurity or due to treatment of same.
Cataract development is seen at different duration
ranging from 10 days to 13 months in laser-treated
and 2 months to 5.6 years in post-vitrectomised
eyes [3, 4, 13—15]. Pathophysiology of cataract in
ROP can be divided according to the etiology:

1. Systemic factors
The preterm babies are at risk of metabolic
acidosis and sepsis during their NICU stay.
These factors can lead to osmotic changes in
the lens leading to development of cataract.
The usual form seen is the bilateral clear vac-
uoles formation along the apices of posterior
lens surface. These are transient and mostly
clears over the course of several months but
can progress to total opacification in some
cases [1, 4, 10, 11].

2. Complicated cataract
Complicated cataract is seen in those associ-
ated with retinal detachment, mostly in cases
with advanced stage retinopathy [16]. It may
present as posterior subcapsular cataract or
partially absorbed membranous cataract.

3. Posttreatment

Cataract in preterm child may or may not be
associated with systemic treatment and ocular
management [4, 8, 15]. The actual incidence
of the same in retinopathy of prematurity may
be less reported.

(a) Steroid-induced cataract: Though long-term
steroids are known to cause cataract, there are
no reports of steroid-induced cataract in pre-
term babies.

(b) Cryotherapy

Cryotherapy was previously used as a
treatment for threshold ROP. It can cause
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more inflammation due to blood-retinal bar-
rier breakdown. But cataract was not seen as
a major complication in various studies
[17-19].

(c) Laser

Laser is preferred over cryotherapy
because of lesser complications of pain,
adnexal edema, exudative retinal detachment,
vitreoretinal traction, and vitreous hemor-
rhage. The incidence of cataract in laser-
treated ROP ranges from 0.003 to 6% [4, 15,
20-23]. The type of laser used in treatment of
ROP includes argon, diode and df-NdYAG
laser. Argon laser had higher association with
cataract among them [15, 24]. Prominent
anterior vasculosa lentis, inadvertent burns
placed on the iris or ciliary body and conflu-
ent laser therapy are the risk factors for cata-
ract formation post-laser in a preterm baby.
Following mechanisms play a role:

Thermal injury

The total amount of laser energy used
depends on the type, power, duration of laser
and number of laser spots. Lens protein and
hemoglobin absorbs the energy of laser. This is
especially important in case of persistent tunica
vasculosa lentis (TVL), commonly present in
preterm babies [20]. The incidence of cataract
is lower in cases with diode laser energy as
longer wavelength energy (810 nm) is lesser
absorbed by hemoglobin as compared to argon
laser [25]. However, some studies have found
no correlation between development of cata-
ract and energy of the laser used [4].

Tunica Vasculosa Lentis (TVL)

Premature infants have some amount of
intact TVL. The hemoglobin absorbs laser
energy at the lens surface leading to alteration
in permeability of lens anterior capsule. This
further affects the osmotic balance and leads
to formation of cataract. In a very premature
child, the disease may present in more aggres-
sive form like aggressive posterior ROP
(APROP) which has iris neovascularization
with poor pupillary dilatation, hazy vitreous

and severe plus disease. These cases require
higher power, duration and more laser leading
to higher energy being used, further increas-
ing the risk. But studies have also shown sim-
ilar incidence of cataract in ROP cases not
having prominent TVL indicating other fac-
tors also do play a role [20, 21].

Anterior segment ischemia

The anterior segment of the eye is supplied
by the anastomosis of 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 ante-
rior chamber, hyphema, cataract, posterior
synechiae in the acute phase and hypotony,
iris atrophy, ciliary body atrophy in the late
phase. Some of these eyes do progress to
phthisis bulbi [26, 27].

Uveal effusion

The higher amount of thermal energy and
the immature blood-retinal barrier puts the
baby at higher risk of uveal effusion. It can
lead to anterior rotation of ciliary body and
shallow anterior chamber which may cause
corneo-lenticular apposition and cataract for-
mation [25].

(d) Post-injection

In adults, cataract incidence varies in cases
receiving intravitreal anti-VEGF [28, 29].
VEGF is an important molecule involved in
the cascade of events in ROP. It is one of the
factors involved in both angiogenesis and vas-
culogenesis phase. The use of intravitreal
anti-VEGF in ROP allows for fast disease
regression and improved vascular re-growth.
This allows for a better field of vision but
various regression patterns including vascular
arrest along with high risk of recurrence is
noted [23, 30, 31].

Cataract in anti-VEGF most commonly
occurs due to the lens injury. In preterm
babies, the lens is thicker as compared to
other ocular structures and the pars plana is
also not formed [32, 33]. Hence, if one is not
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familiar with the anatomy of these small eyes,
there is a higher chance of mechanical lens
injury. The injection in these children is usu-
ally given at 1.75 mm from the limbus with
the needle tip directed posteriorly towards the
optic disc. But, there have been reports of
cataract formation in post-intravitreal anti-
VEGF with no lens injury documented, which
could be probably relate to the molecule itself
(Figs. 16.3 and 16.4). Preexisting dehiscence
of the posterior capsule has also been sus-

pected [9]. Also until now, there is no level I
evidence of the ocular, visual, systemic and
neurodevelopmental safety profile of anti-
VEGEF in these babies.

(e) Post-surgery

Stage 4 or 5 ROP can be associated with cata-
ract or the retina can be near the posterior
capsule which may necessitate lensectomy
along with vitrectomy to achieve optimal
results. Cataract formation after lens sparing
vitrectomy for ROP surgery can occur but is

Fig. 16.3 Twenty-eight-week-old baby patient with bilateral Zone 1 APROP - Aggressive posterior retinopathy of
prematurity OD&OS

Al

Fig. 16.4 Same patient as Fig. 16.3, developed bilateral total cataract OD&OS 6 weeks after anti-VEGF
administration
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less frequent as compared to pars plana vit-
rectomy in adults [3, 13, 14]. The lens retina
approximation is one of the risk factors for
cataract formation because of the probability
of lens touch. The chemical changes also are
known to occur with vitrectomy itself and
depending on the type of tamponade agent
used.

16.5 Management

Treatment of ROP is important and first priority
as early intervention in these cases can prevent
adverse outcomes. Obscuration of posterior seg-
ment 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 ambly-
opia. As discussed, lensectomy might be required
in addition to vitrectomy in some cases of stage 4
and stage 5 ROP, where the lens is cataractous or
the retina is in close approximation with the lens.
In cases where retina is hazily seen allowing
staging of the disease but laser could not be per-
formed, early cataract surgery is required for
management of the posterior segment and pre-
vent progression of ROP.

16.5.1 Preoperative Challenges

Pediatric cataract surgery is challenging in terms
of smaller eye with lesser scleral rigidity, higher
elasticity of anterior capsule, and steeper anterior
curvature of lens. The anterior segment in a pre-
term child is further different from a normal child
eye in terms of steeper cornea, shallow anterior
chamber, more anteriorly inserted iris, thicker
and more spherical lens [33, 34]. Further these
parameters may vary with spontaneously
regressed and laser-treated ROP. These differ-
ences not only pose intraoperative challenges but
also affect the pattern of ocular growth [5, 33,
35-38]. This has a significant effect on the selec-
tion of appropriate intraocular lens power and the
amount of under-correction required in these

babies. Poor pupillary dilatation can further cre-
ate 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 min apart half an
hour before the surgery. In cases with APROP,
neovascularization of iris is often present. This
causes non-dilation of the pupil, difficulty in visu-
alization of lens status and posterior segment, and
risk of bleeding. These cases are also at risk of
having postoperative inflammation, posterior syn-
echiae and visual axis opacification (VAO). Also,
the posterior segment in these cases needs urgent
treatment to avoid further complications leading
to poor visual prognosis. Preoperative B-scan
imaging is important to rule out the possibility of
retinal detachment in cases where posterior seg-
ment is not visible. Preoperative ultrasound bio-
microscopy (UBM) can help us to determine the
area of the posterior synechiae, whether the poste-
rior iris has adhered to anterior capsule, the status
of the posterior capsule for presence of any preex-
isting posterior capsular defects and the sulcus to
sulcus diameter (Fig. 16.2). The preoperative
detection of preexisting posterior capsular defect
can help one to anticipate complications and take
necessary steps to prevent them. In APROP cases
with severe neovascularization in absence of reti-
nal detachment, intravitreal anti-VEGF before
cataract surgery may help in the regression of the
neovascularization. This decreases the risk of
bleeding and allows dilatation of the pupil. All the
challenges including posterior segment status,
treatment required, amblyopia therapy, prognosis,
need for postoperative care, refractive correction,
and complications associated should be explained
to the parents/caregivers.

16.5.2 Intraoperative Challenges

e Approach and dilatation
The preferable approach in preterm babies is
superior corneal incision as with other pediat-
ric cases. The superior wound is covered with
the upper eyelid and hence is at lesser risk of
trauma and exposure, thereby decreasing the
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risk of infection. Pupillary miosis and poste-
rior synechiae can be present especially in
cases with advanced ROP or APROP. The use
of high-density viscocohesive like Healon-GV
is preferred to maintain the anterior chamber
and have minimum fluctuations in anterior
chamber. The synechiae could be initially
released to assess pupillary dilatation. In case
of non-dilating pupil, 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 lesser space for maneu-
vering these devices.

Anterior capsulorhexis 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
[39]. The anterior continuous capsulorhexis
(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.
But before starting the anterior chamber
should be formed with high-density viscoco-
hesive substance like Healon-GV which
would allow minimum fluctuation in anterior
chamber and flatten the anterior capsule in the
center. Appropriate size of the ACC is approx-
imately 5 mm. The use of Callisto guided
marking system can help us in this aspect.
The lens aspiration can be performed using
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 preferably be
avoided.

Posterior capsulorhexis, vitrectomy and fun-
dus examination

A posterior continuous capsulorhexis (PCC)
can be made after partially filling the posterior
chamber with high-density viscocohesive.
Complete fill should be avoided as these may
lead to increased bowing of the posterior cap-
sule causing increasing angulation of the

instrument leading to difficult maneuvering.
Also, there is an increase in the 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 (Fig. 16.3a). This
is followed by anterior vitrectomy (AV). The
anterior vitrectomy as in other pediatric cata-
ract cases should cover beyond the margin and
2 mm deeper from the posterior capsule. A
complete anterior vitrectomy and PCC reduces
the chances of postoperative posterior capsu-
lar opacification (PCO) significantly [40, 41].
However, caution must be exercised and over-
zealous anterior vitrectomy beyond the mar-
gins should be avoided as these cases may
have peripheral vitreoretinal traction. The pos-
terior segment can be visualized at this stage
using endoilluminator and wide-angle retinal
lens (Fig. 16.3). The anterior chamber should
be formed with viscoelastic before inserting
the endoilluminator. This allows us to assess
the status of optic disc, posterior pole and also
the periphery. Hence, zone of vascularization,
presence of ROP, stage, and presence of plus
disease can be determined. This visualization
helps in further management of the posterior
segment as postoperative examination with
speculum and indentation may not be possible
in the initial 2 weeks considering the wound
stability.

Intraocular lens (IOL)

Another question arises if the IOL can be
placed, and if yes, what power to be used? The
intraocular lens can be placed if the size of
corneal diameter >9 mm, the sulcus to sulcus
diameter >8 mm, axial length >17 mm and if
no additional ocular features precluding the
use of IOL are present. The type of IOL
depends on the availability of sulcus. In cases
where the anterior and posterior capsulorhexis
is intact and well sized, the IOL can be placed
in the bag while in compromised capsu-
lorhexis, a multipiece IOL can be placed in the
sulcus (Fig. 16.3b). Optic capture involves fix-
ing the lens optic behind the posterior capsule
while the haptics remains in place allowing
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better stabilization of the lens. In case of no
capsular support, iris-fixated IOL or ACIOL
can also be used. These ROP cases usually
have myopia, thin sclera and retinal involve-
ment. Hence, scleral fixated IOL are avoided.
The IOL power in pediatric cases depends on
the age of the patient at the time surgery, pre-
operative biometry and predicted postopera-
tive change [12, 42]. Various formulae have
been given over a period, but variance is seen
more in children less than 2 years [42, 43].
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, 34]. Also, those
treated with laser will have more axial length
growth as compared to those treated with anti-
VEGF or spontaneously regressed. These fac-
tors need to be taken into consideration as
these cases may require more under-correction
as compared to normal eyes.

e Technique—A single piece hydrophobic acry-
late IOL can be placed in the bag using proper
technique if the criteria for IOL placement are
fulfilled. A 3.5 mm incision allows easy inser-
tion of injector without any undue pressure on
the wound, thereby maintaining the anterior
chamber. The anterior chamber and the intra-
ocular bag should be adequately filled with
viscocohesive 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
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 wound sutured using 10-0 monofilament
nylon suture. In cases where IOL cannot be
placed, secondary IOL can be planned after 2
years of age.

e Intraoperative challenges in vitrectomized
eyes:

Further cataract surgery in a vitrectomized eye
would be moreover challenging [44, 45]. The
loss of posterior support can lead to hypotony,

zonular instability, complicated capsulorhexis,
and damage to the posterior capsule. Zonular
instability along with the increased iris lens
diaphragm mobility may lead to anterior
chamber depth fluctuation. In cases with lens
touch or preexisting defect which may be
detected on the UBM, there is risk of posterior
dislocation of the lens fragments. The sudden
collapse of the anterior chamber should be
avoided at any step in these cases. The irriga-
tion parameters to be kept on the lower side
and the overfilling of AC with viscoelastic to
be avoided. Hydrodelineation should be done
gently while hydrodissection and lens rotation
should be completely avoided [46]. The lens
aspiration should be performed trying to
maintain the posterior cortex which should be
aspirated at the end. In case of a posterior cap-
sular opening, it’s important not to panic and
remove the instruments suddenly from the
eye. The anterior chamber should be formed
with a combination of Sodium hyaluronate
3.0%-Chondroitin sulfate 4.0% (Viscoat)
before removing instruments. It coats the pos-
terior capsular opening and prevents posterior
dislocation of the lens matter. Lens matter in
the anterior chamber can be removed using a
vitreous cutter or wire vectis followed by
complete anterior vitrectomy. Depending on
the 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 sin-
gle piece IOL can be placed in the bag.

In cases with posteriorly dislocated lens frag-
ments, depending on the amount, further
approach can be decided. If the fragments size is
small, it can be left as most of the time absorbs
completely. Steroids may be required to avoid
inflammation in these cases. If the fragments
amount is large, a vitreoretinal surgeon may be
called upon to remove it from the posterior seg-
ment. Simultaneous bilateral cataract surgery in
one sitting is considered in small babies to avoid
the risk of repeated anesthesia and the danger of
developing amblyopia in case one eye is operated
and the other could not be done due to systemic
risk.
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16.5.3 Postoperative

The postoperative complications of cataract sur-
gery include inflammation, pupillary membrane
formation, posterior synechiae, glaucoma, repro-
liferation of lens material, posterior capsule
opacity, and retinal detachment. Postoperative
treatment with topical cycloplegics and steroids
is important. The severity of postoperative
inflammation is higher in cases with iris neovas-
cularization and those having posterior synechiae
because of the iris manipulation and bleeding
risk. Hence, topical steroids are required fre-
quently and tapered slowly over a long period in
these cases. This prevents the postoperative for-
mation of posterior iris synechiae which may
hamper visualization of the retina especially in
the periphery and could lead to glaucoma.

Follow-up post cataract surgery should be
synchronized with ROP monitoring and treat-
ment to prevent unwanted outcomes. In children,
refractive changes after cataract surgery are
extensively studied and myopic shift is seen. This
shift was more in younger children and aphakic
eyes. Long-term refractive changes as previously
described depends on various factors including
gestational age, age of the child at the time of
surgery, presence of ROP, type of treatment
received and progression of myopia over a period
[35-38, 42]. How much each of these factors
contributes and affects the growth of the eyeball
is unknown and still being studied. Hence, fre-
quent refraction with appropriate correction
glasses should be provided to avoid amblyopia.
The glasses with appropriate fitting and counsel-
ing of the parents/caregivers to ensure use of
glasses are needed.

Improvement in visual acuity and fixation is
evident after cataract surgery in ROP cases but is
limited because of the ocular morbidities
(Table 16.1) [3, 6, 44, 47]. VAO is common after
pediatric cataract surgery in children less than 1
year and depends whether PCCC and anterior
vitrectomy is done or not [40, 48]. This can cause
significant vision loss with risk of amblyopia.
Hence, the importance of performing PCCC with
anterior vitrectomy and to look for VAO in fol-
low-up period [41]. To avoid VAO, PCCC should

be done in all cases less than 6 years. Anterior
vitrectomy to be done till 5 years of age. In older
cases with mental retardation and those who can-
not cooperate for slit lamp YAG capsulotomy,
PCCC and anterior vitrectomy can be done [12].
Glaucoma is a common complication associated
with both premature babies and pediatric cataract
surgery [40, 49, 50]. The difference in the ante-
rior segment of these individuals increases the
risk of glaucoma [33]. Hence, the intraocular
pressure and the optic disc cupping in these indi-
viduals should be monitored on follow-up.
Retinal detachment (RD) is also one of the com-
plications seen with pediatric cataract surgery
and well documented after cataract surgery in
adult ROP cases [6, 47, 51]. In preterm children
with ROP, RD occurred in 3.5% of cases after
cataract surgery [3]. It can occur in the preterm
babies with progression of the ROP itself, and
hence cannot be attributed to the cataract surgery
alone. The ETROP study had 16% cases with RD
after treatment by 9 months of the corrected age.
Thus, the disease itself is at risk of progression
even after treatment and good prognosis is
obtained in stage 4 as compared to stage 5 ROP
disease [13, 19]. Thus, these cases need a long-
term follow-up for early detection of RD and
intervention for the same.

Preterm children with cataract are at risk of
vision loss because of various factors including
retinal changes, glaucoma, and amblyopia. With
an appropriate approach and combined effort of
pediatrician, ophthalmologist, and anesthesiolo-
gist, early identification, prompt intervention,
precise surgical techniques, proper counseling,
and postoperative care including amblyopia
management, these children can have good
vision.

16.6 Cataractin Other Pediatric
Retinal Disorders

Pediatric cases and adult cases differ in the type
of retinal detachment along with cause and out-
come of the same. The anatomical and functional
outcomes are different from the adult cases [52].
The pediatric cases may be detected late as symp-
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toms are usually ignored and difficulty in obtain-
ing medical history [52]. The presence of cataract
may further complicate the scenario. Posterior
segment abnormalities can be associated with
lens disorders like cataract or subluxated lens.
The anatomical and functional success is poorer
in pediatric cases with lens disorders as com-
pared to those without lens involvement [53]. The
various pediatric vitreoretinal disorders with cat-
aract include incontinentia pigment, Coats dis-
ease, persistent hyperplastic primary vitreous
(PHPV), familial exudative vitreoretinopathy
(FEVR), and Stickler syndrome. Few of them are
described here.

16.7 Coats Disease

Coats disease is seen in young males as a unilat-
eral presentation characterized by telangiectatic
vessels and exudation. Lenticular involvement
seen in 8-28% of cases with Coats disease espe-
cially in the advanced stages includes total white
cataract, posterior subcapsular cataract and less
commonly as anterior subcapsular cataract [54—
56]. The possible factors affecting the cataract
formation in coats disease includes stage of the
disease, extension of telangiectasia and exuda-
tion, presence of exudative retinal detachment,
rubeosis iridis and neovascular glaucoma [56].
Presence of the exudative retinal detachment and
advanced stage of the disease was one of the
important factors in association with cataract for-
mation and also a significant predictor for worse
final visual outcome [56]. The cortical degenera-
tion and the posterior migration of the lens epi-
thelium was seen in enucleated eyes of cases with
Coats disease and cataract [57]. The chronic exu-
dation and inflammation do play a role in the
cataract formation. The breakdown of the blood-
retinal barrier and the oxidative stress are key
factors. Though laser treatment is known to cause
cataract in ROP, its role in coats disease with cat-
aract have not been explored. Tunica vasculosa
lentis which is a risk factor in ROP cases is not
seen with coats disease. Hence, probably laser
does not have any role in cataract formation.
Cataract extraction does improve the fundus

visualization but may not necessarily lead to
improvement in vision.

16.8 Persistent Hyperplastic
Primary Vitreous (PHPV)

PHPYV is a congenital abnormality with failure of
regression of the embryologic primary vitreous
and hyaloid vasculature. Most cases are unilat-
eral with microphthalmos, cataract, persistent
hyaloid vasculature, and persistent tunica vascu-
losa lentis [58]. Advanced cases can have severe
microphthalmos, foveal hypoplasia, retinal dys-
plasia or retinal detachment. PHPV is of three
types—anterior, posterior, and combined. The
posterior PHPV has poorer prognosis as com-
pared to anterior PHPV [59, 60]. But untreated
PHPV have high rate of progressing to phthisis
bulbi, secondary glaucoma or painful blind eye
requiring enucleation. The removal of the ante-
rior traction relieves the pulling force on the cili-
ary body does decreasing the possibility of
phthisis bulbi [59].The anatomical differences
makes it difficult to perform cataract surgery and
further implantation of an IOL is a challenge. In
cases where corneal diameter is more than 10 mm
and adequate capsular support is present, IOL
implantation can be done. Being unilateral dis-
ease most of the time, amblyopia is another con-
cern. The surgical outcomes are further
compromised by high rate of intraoperative and
post-operative complications like hyphemia, vit-
reous hemorrhage, recurrent VAO, glaucoma,
strabismus and retinal detachment [59-61]. The
presence of vascular membrane and stalk is a risk
factor for bleeding. Diathermy or Fugo plasma
blade can be used to cauterize the same [62].

16.9 Hereditary Syndromes

Cataract has been associated with various heredi-
tary syndrome including Stickler syndrome,
FEVR, retinitis pigmentosa, Usher syndrome,
and others. In most of the diseases, it appears to
be a secondary effect of the vitreoretinal degen-
eration and underlying effect rather than being a
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primary component of the genetic disorder.
Further, the high risk of retinal detachment inher-
ent to the pathology and to vitreal changes
induced after the cataract surgery can signifi-
cantly affect the visual outcome. Thus, follow-up
examination of the fundus post cataract surgery is
important at every visit to detect any posterior
segment changes earlier.

Many studies have documented a higher asso-
ciation of same with retinitis pigmentosa [63].
The posterior subcapsular type is the most com-
mon type seen in retinitis pigmentosa and causes
significant glare abnormalities especially in
advanced cases with decrease in the visual fields
(Fig. 16.5). But many of these present at a later
stage of life. Cases with normal macular area
may significantly benefit from the cataract sur-
gery. Also some amount of zonular laxity is
known to be associated with RP and these cases
are hence prone to have subluxations or postop-
erative anterior capsular phimosis (Fig. 16.6)
[64-66]. Hence, few considerations to be kept in
mind while performing the surgery. The preop-
erative evaluation should include assessment of
the visual fields if possible to explain the progno-
sis and benefits obtained by surgery. The ACC
should be adequate and in case of any zonular
laxity, CTR can be placed in the bag.

Lens involvement in Wagner disease is seen in
adolescent age group and includes discrete anterior
and posterior polar dot-like opacities, PSC, and

Fig. 16.5 Thirteen-year-old patient with retinitis pig-
mentosa with anterior and posterior subcapular cataract
with folds in the capsule and mild fibrosis

—

Fig. 16.6 Pscudophakia with severe anterior capsular
phimosis 2 years after surgery in OS of the same patient as
Fig. 16.5. Note no capsular tension ring put in OS

nuclear sclerosis. They slowly progress to visual
incapacitation at a later stage. The cataract surgery
in these cases can cause vitreous changes and its
related complications [67]. Stickler syndrome, also
known as hereditary progressive arthro-ophthal-
mopathy, is a connective tissue disorder presenting
with ocular, hearing abnormalities, midfacial
underdevelopment, palatal abnormalities, mild
spondyloepiphyseal dysplasia or precocious arthri-
tis [68]. Ocular involvement can include myopia,
glaucoma, strabismus, vitreoretinal degeneration,
retinal detachment or cataract. Lens involvement is
seen as wedge and fleck cataracts distinctively
(Fig. 16.7) [69]. In a study of 70 members of 22
families, they found that the prevalence of cataract
was 20% below the age of 10 years and increased
to 83% in more than 50 years group [70]. FEVR is
considered as one of the differential diagnosis of
ROP. These cases develop cataract and retinal
detachment as late complications. However, the
pathogenesis of the cataract in same is unclear.

16.10 Ocular Trauma

Posterior segment can be involved in both the
open and closed globe injuries and can be also
associated with lens involvement. After the pri-
mary injury repair, one can assess the status of
the posterior segment using ultrasonography in
the setting of cataract. In presence of retinal
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Fig. 16.7 Wedge-shaped cataract in 8-year-old boy with Stickler syndrome. (a) Diffuse illumination picture. (b) Retro-
illumination picture

detachment or endophthalmitis, removal of lens
by phacoemulsification or lens aspiration may
be required for posterior segment management.
The technique of lens aspiration further depends
on the multiple factors like mode of injury, cor-
nea status, cornea clarity, intactness of anterior
and posterior capsule, or presence of hypotony.
Thus stepwise method evaluating each step is
required in cases with traumatic cataract and
posterior segment abnormalities. Further sec-
ondary IOL implantation, wearing appropriate
refractive error glasses and occlusion therapy
after management for trauma related posterior
segment injuries and cataract in children allows
treatment of deprivation amblyopia and obtain
good vision [71].

16.10.1 Ocular tumor

Retinoblastoma (RB) is the commonest intraocu-
lar malignancy of childhood. It is differential
diagnosis for leukocoria. Ultrasonography is
required to make a presumptive diagnosis of
RB. USG showing mass lesion with calcification
is highly suggestive (Fig. 16.8). Rather than the
disease, cataract is most commonly a complica-

tion of radiation therapy received in the course of
disease treatment [72]. Simultaneous occurrence
of cataract with retinoblastoma is <1% [73, 74].
Surgical outcomes in radiation induced cataract
depend on the primary location of regressed RB,
with macular lesion showing worse prognosis
than peripheral lesions.

Keypoints

e Cataract in ROP children can be because of
the systemic status, retinal detachment, ROP
itself or treatment of ROP.

» Early diagnosis and management of cataract is
important to plan for posterior segment
intervention.

e In case of severe neovascularization, anti-
VEGF injection may be useful for stabiliza-
tion of the disease till cataract is managed.

e Preoperative USG and UBM can help in deter-
mining preexisting retinal detachment and
posterior capsular defect.

* A combined approach with postoperative care
and counseling is important to maintain good
vision in these preterm individuals. Long-term
follow-up is necessary.

e Pediatric retinal disorders differ from adult
disorder in term of cause and outcome.
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Fig.16.8 USG
showing mass lesion in
the posterior segment
with calcification
suggestive of
retinoblastoma

Patient: —
patient 10: RN

Eye: IGHT

FROZEN

Presence of cataract further affects the
prognosis.

Regular follow-up with fundus examination is
important after cataract surgery in pediatric

cases with vitreoretinal abnormalities.
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17.1 Management of Subluxated

Lenses and Spherophakia

Chirakshi Dhull and Sudarshan Kumar Khokhar

17.1.1 Introduction

17.1.1.1 Ectopia Lentis

Subluxation or dislocation of lens or ectopia len-
tis is defined as the shift of the lens from its origi-
nal location, i.e., the patellar fossa either partially
or completely, anteriorly into the anterior cham-
ber or posteriorly towards the vitreous cavity
(Fig. 17.1). Subluxation of lens may occur post-
trauma or due to predisposing hereditary condi-
tions like Marfan syndrome or Homocystinuria.
Spontaneous dislocation may be a common cause
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of lens dislocation. Post-traumatic dislocation
may also happen due to the zonules being weak.
However, significant closed globe injury can also
cause dislocation of a healthy lens due to zonular

injury.

17.1.1.2 Spherophakia
Spherophakia is a very rare ocular disease in
which the crystalline lens is spherical instead of
its oval shape (Fig. 17.2) and may occur either as
an isolated condition or may be a part of heredi-
tary diseases like Marfan syndrome, Weil-
Marchesani syndrome, etc. and may or may not
be associated with lens subluxation [1]. Most
patients have high myopia which can be cor-
rected by spectacles or contact lenses. Movement
of the lens into the anterior chamber may inter-
mittently cause acute glaucoma attacks and may
be associated with retinal detachment due to
repeated vitreous traction and break formation.
Subluxated lens management has evolved
over the last half a decade with advancement in
surgical instruments and improvement in surgeon
experience in handling complicated scenarios.
While partial subluxation or anterior dislocation
of lenses can be adequately handled by anterior
segment surgeons, posterior subluxation or dislo-
cation into the vitreous cavity may require a col-
laborative effort of both anterior and posterior
segment surgeons. After the primary removal of
the dislocated lens, the next important manage-
ment step is refractive rehabilitation by placement
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Fig. 17.1 Lenticular subluxation. (a) Slit-examination, (b) retroillumination picture of supero-temporally subluxated

clear lens

Fig. 17.2 Microspherophakia. (a, b) Retro illumination picture of right and left eye respectively showing small clear
lens, with margins of the lens seen 360° along with stretched zonules

of an intraocular lens, which again depends on
the availability of capsular support. Depending
on whether adequate capsular support is present,
the cases may be handled by anterior segment or
posterior segment surgeons. In this chapter, we
would be dealing with the various challenging
scenarios which might be faced by ophthalmolo-
gists during management of such difficult cases.

17.1.2 Clinical History
and Examination

All patients must undergo a complete ophthalmo-
logical history taking and examination to arrive at
a proper etiological diagnosis regarding the sub-
luxation. History should be elicited regarding
duration of symptoms, pattern of progression of
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vision loss, direct trauma to the eye (closed globe
or open globe), previous ocular surgery, family
history of similar ocular illness or any surgery
because of them, and history of using thick glasses.

17.1.2.1 Ectopia Lentis

A detailed systemic evaluation should also be
carried out to look at body deformities and heart
ailments. It is of prime concern that one rules out
systemic diseases causing the subluxation. Most
common diseases associated are Marfan syn-
drome, Homocystinuria, Weil-Marchesani syn-
drome and Hyperlysinemia. Table 17.1 lists some

of the pointers towards diagnosis of systemic
cases. Etiology of ectopia lens may be classified
based on the following categories:

1. Genetic without systemic manifestations
e Simple ectopia lentis
» Ectopia lentis et pupillae
e Ectopia lentis with spherophakia
2. With systemic manifestations
e Marfan syndrome (Modified Ghent’s diag-
nostic criteria in Table 17.2) (Fig. 17.3)
e Weil-Marchesani syndrome (Diagnostic
criteria in Table 17.3) (Fig. 17.4)

Table 17.1 Comparison of clinical features of some systemic causes of lens subluxation [1, 2]

Marfan syndrome Homocystinuria Weil-Marchesani
Inheritance Autosomal dominant Autosomal recessive Autosomal recessive
Skeletal Arachnodactyly Occasional arachnodactyly Stocky build
Laxity of joints Osteoporosis Short digits
Deformity of sternum Tight joints
Brachycephaly
Vascular Dilatation of aorta root Dilatation and thrombosis of None
medium-sized vessels
Mental Absent Often present Absent
retardation
Gait Normal Charlie Chaplin gait Normal
Lens Subluxation is stable, zonular Subluxation is progressive, Spherophakia commonly
fibers are strong and stretched | zonular fibers are weak and associated and
unstable pathognomonic

Table 17.2 Modified Ghent’s criteria for Marfan syndrome

Isolated patient

Positive family history

1. Aortic root dilatation
(z>=2)
And
Ectopia lentis

2. Aortic root dilatation
(z>=2)
And
FBN1 mutation

3. Aortic root dilatation
(z>=2)
And
Systemic score >=7
points

4. Ectopia lentis
And
FBN1 mutation

1. Ectopia lentis

2. Systemic score >=7

3. Aortic root dilatation
(z>=2)

Systemic signs
Wrist AND Thumb sign [3]
Wrist OR Thumb sign [1]
Pectus carinatum [2]
Pectus excavatum or chest
asymmetry [1]
Hindfoot deformity [2]
Plain flat foot [1]
Spontaneous pneumothorax [2]
Dural ectasia [2]
Protrucio acetabulae [2]
Scoliosis or thoracolumbar
kyphosis [1]
Reduced elbow extension [1]
3/5 facial features [1]
Skin striae [1]
Severe myopia [1]
Mitral valve prolapse [1]
Reduced upper segment/ lower
segment ratio [1]

Diagnostic scenarios
| Aortic involvement AND
Ectopia lentis
Il Aortic involvement AND FBN1
mutation
Il Aortic involvement AND
Systemic involvement
IV Aortic involvement AND
Family history
V Ectopia lentis AND FBN1
mutation
VI Ectopia lentis AND Family
history
VIl Systemic involvement AND
Family history
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Fig. 17.3 Marfan’s syndrome. (a) Increased arm span,  Wwith aortic root regurgitation. (e) High arched palate. (f)
increased upper segment to lower segment ratio. (b) Positive thumb sign. (g) Positive wrist sign
Pectus carinatum. (¢) Kyphoscoliosis. (d) Echocardiogram
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Fig. 17.3 (continued)

Table 17.3 Diagnostic criteria for Weil-Marchesani syndrome

Body abnormalities Eye abnormalities Airway abnormalities Cardiac abnormalities
Brachymorphy Ectopia lentis Maxillary hypoplasia Prolonged QTc interval
Brachycephaly Spherophakia Narrow palate Mitral valve prolapse
Brachydactyly High myopia Stiff joints Mitral regurgitation
Short stubby hand Secondary glaucoma Limited neck movement Aortic stenosis
Malaligned teeth Pulmonary stenosis
Pulmonary hypertension

e Hyperlysinemia
» Sulfite oxidase deficiency
3. Primary ocular causes
e Pseudoexfoliation syndrome
e Trauma
e Myopia
e Glaucoma/buphthalmos
e Aniridia
* Retinitis pigmentosa

17.1.2.2 Spherophakia

Systemic associations have been found with
Homocysteinemia, Weil-Marchesani syndrome,
Marfan’s  syndrome, Alport’s syndrome,
Hyperlysinemia, congenital rubella syndrome,
megalocornea-spherophakia-secondary  glau-
coma, arrhythmogenic right ventricular dysplasia
type 1, spinocerebellar ataxia, etc. Prevalence of
spherophakia is unclear because of the rare occur-
rence of the disease. Spherophakia has been seen
to commonly occur in patients of Weil-Marchesani
syndrome (WMS) and the prevalence of WMS
has been estimated at 1:100000. Data from India
has shown that 1.2% of children presenting with
lens abnormalities have spherophakia [3].

17.1.3 Preoperative Investigations

Systemic:  Blood  investigations  for

Homocysteinemia, urine for Homocystinuria,

cardiac electrophysiology and electrocardi-

ography, coagulation parameters, chest X-ray

(Table 17.4)

Ocular:

— Slit lamp biomicroscopy to document
type of subluxation (anterior or poste-
rior), degrees of subluxation with status
of equatorial zonules (stretched, bro-
ken), fundus examination to rule out
posterior segment pathologies like path-
ological myopia, retinal peripheral
degeneration (breaks/ lattices), assess
whether the subluxated lens is crystal-
line or cataractous (along with grade of
cataract), presence of vitreous in ante-
rior chamber, undilated and dilated
refraction to assess the best corrected
visual acuity (to rule out amblyopia)

— Gonioscopic evaluation to look at angles
and to rule out pseudoexfoliative
material
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Fig. 17.4 Sixteen-year-old boy with Weil-Marchesani  phakia with supero-temporal subluxation and broken zon-
syndrome with spherophakia. (a, b) Retro illumination ules. (¢) Notice short stature of the patient. (d) Small feet
picture of right and left eye respectively showing sphero- ~ with short toes. (e) Short, stubby fingers are seen

Table 17.4 Systemic investigations in hereditary diseases

Systemic disease

Investigations

Marfan syndrome

Cardiac electrophysiology and electrocardiography, chest X-ray, skeletal
X-ray

Homocystinuria

Coagulation parameters, urine and serum for homocysteine levels

Weil-marchesani syndrome

Cardiac electrophysiology and electrocardiography, skeletal X-ray

Sulfite oxidase deficiency

Musculoskeletal evaluation

— Ocular ultrasound to assess the axial

sectional images of the anterior segment

length of the eyeball, as syndromes like
Marfan syndrome may be associated with
myopia

Ocular ultrasound biomicroscopy and
Anterior segment optical coherence
tomography may be used to assess the
zonular status if pupil(s) cannot be dilated
due to any reason. Ultrasound biomicros-
copy produces two-dimensional cross-

showing morphology of the anterior cham-
ber angle, iris, ciliary body, zonules, and
lens. High resolution optical coherence
tomography of the anterior segment gives a
cross-sectional image of the lenticular
anatomy and is useful to determine the
shape of the lens and the orientation of the
iris-lens diaphragm to identify pupillary
block (Fig. 17.5).
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Fig.17.5 Ultrasound
biomicroscopy of
subluxated lens showing
no tilt, stretched zonules
and minimal
opacification of lens

— Biometry using either immersion ultra-
sound biometry or IOL Master Optical
biometry is used to determine axial length,
keratometry and intraocular lens power
using SRK-T, Hoffer-Q or Holladay I
formulae.

17.1.4 Management Approaches
to Lens Subluxation

Not all cases of ectopia need immediate surgical
intervention. The various different clinical sce-
narios of subluxation which need intervention
can be summarized as follows:

e High lenticular myopia and myopic astigma-
tism which can cause amblyopia in children
e Progressive subluxation in children
* Lens dislocation anteriorly
— Dislocation of crystalline lens into the
anterior chamber
— Dislocation of soft cataractous lens into the
anterior chamber
e Lens dislocation posteriorly

— Dislocation of crystalline lens into
vitreous

— Dislocation of soft cataractous lens into
vitreous

e Lens dislocation associated with perforating
ocular injuries

e Glaucoma—pupillary block, anterior sublux-
ation into anterior chamber causing inverse
glaucoma, mechanical angle closure due to
secondary angle closure
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e Lens-induced uveitis
e Retinal detachment due to chronic traction

17.1.4.1 Conservative Management

Eyes which do not need immediate surgery must
undergo a dilated refraction and wear refractive cor-
rection, especially so in children to prevent amblyo-
pia. Several spherophakia eyes have very high
lenticular myopia, which need just a full refractive
correction. However, such patients may opt in for
lens management because of cosmetic reasons.

17.1.4.2 Lens Management

Surgical management of ectopia lentis is a daunt-
ing task. Cases presenting with severe forms of
subluxation of more than 270°, progressive
causes of subluxation such as Marfan’s syndrome
and anterior dislocation of lens in spherophakia
are among some of the most complicated cases.
Depending on the location of the dislocated lens,
capsular bag status, amount of subluxation, vari-
ous different techniques have been described
over the years. Earliest methods of lens removal
consisted of ICCE through a 6 mm incision at the
corneoscleral limbus. However, this technique
led to vitreous traction due to loss of posterior
chamber leading to anterior movement of vitre-
ous resulting in a higher risk of retinal detach-
ment [4]. Hence modern procedures have focused
on minimum size of entry into the anterior cham-
ber, with removal of the lens and/ or the capsular
bag causing minimum disturbance to the vitreous
phase or if at all perform a dry anterior vitrec-
tomy. Posterior dislocation however requires a
complete vitrectomy by a vitreoretinal surgeon.
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1. Subluxation of clear lens

Intralenticular lens aspiration

— Conventional technique using bimanual

irrigation-aspiration probe followed by vit-
rector [5]

In this technique, after completion of
aspiration of lens material using a bimanual
irrigation-aspiration cannula, a vitrectomy
cutter is used to remove the capsular bag

Modified technique using vitrector
only (Fig. 17.6) [6]

In this technique, both the lens and the
capsular bag are removed with the help of
the vitrectomy cutter, and no change of
instruments is needed.

Pars plana lensectomy

In eyes having posterior dislocation of
entire lens or >270° subluxation, it may be
preferable to involve a vitreoretinal surgeon
to handle the case. Standard 3-port pars
plana vitrectomy along with a lensectomy
can be performed with or without the
implantation of an intraocular lens. Anterior
segment surgeons may attempt removing
the lens through the anterior route also
based on clinical judgment. Limited ante-
rior vitrectomy without the insertion of a
posterior infusion line can minimize vitre-
ous traction. However, some surgeons
believe unnecessary vitreous traction may

Fig. 17.6 Lensectomy with ACIOL (a—c) two MVR  Capsular bag removed with cutter. (g) AC formed with air.

entry with entry in the lens. (d) Irrigation port of vitrec-
tomy cutter inside lens. (e) Lensectomy with cutter. (f)

(h) ACIOL placed under air. (Source S Khokhar et al.)
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Fig. 17.6 (continued)

predispose the eyes to future retinal compli-
cations [7-11].
2. Subluxation of cataractous lenses
* Phacoaspiration/ Lens aspiration with
assistive devices
A careful capsulorhexis is warranted
keeping in mind the location of the zonular
laxity. However, after aspiration of the lens
matter, a surgeon may need some surgical
assistive devices like the capsular tension ring
(CTR), capsular tension segment (CTS),
Cionniring,etc. Thesepolymethylmethacrylate
rings may be inserted into the capsular bag
any time, before phacoemulsification, during
or after the aspiration of cortex is done [12—

14]. Capsular supportive devices enhance the
safety and efficacy during phacoemulsifica-
tion and IOL implantation, and can maintain
the circular contour of the capsular bag. They
also avoid the collapsing of the capsular bag
after lens aspiration and provide additional
support to the bag by pushing it towards its
original position in the patellar fossa. This in
turn helps prevent IOL decentration or bag
contraction. During phacoaspiration, a careful
hydrodissection should be done to reduce
stress on the zonules by sudden surge of intra-
capsular pressure. Minimum manipulation of
the nucleus should be attempted during aspi-
ration and if possible, performing aspiration
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Table 17.5 Summary of surgical procedure according to
the degree of zonular dehiscence in cases of traumatic/
non-progressive subluxated lenses

Degree of zonular

dehicense Preferred procedure

Up to 4 clock hours | CTR with IOL

>3-6 clock hours Modified CTR with single
loop

>6-9 clock hours Modified CTR with double
loop with IOL

9 or more clock ICCE with SFIOL/ACIOL

hours

after prolapsing the lens matter in the anterior
chamber may also be beneficial. Cortical mat-
ter may be removed by viscodissection and
reduced traction on the bag equator. Careful
phacoaspiration in experienced hands may
give very good outcomes in such cases [15,
16]. The degree of zonular dehiscence/ laxity
and the choice of surgical procedure may be
summarized as in Table 17.5. These surgical
decisions are taken for cases with traumatic
dislocation or hereditary non-progressive
ectopia lentis. For progressive ectopia lentis
mostly lens with bag is removed and a scleral-
fixated intraocular lens may be preferred. The
age of the patient may also be an indicator as
to which surgery might be attempted, keeping
in mind the future potential of a bag and lens
drop into vitreous cavity in future in cases of
progressive subluxation and broken zonules.
*  Manual small incision surgery

Manual small incision cataract sur-
gery (SICS) may be attempted to remove
subluxated lenses in resource limited set-
tings with similar visual outcomes to
phacoemulsification. However, authors
have reported lesser bag retention, and
more complications with SICS than
phaco (higher chance of increasing the
zonular dehiscence and escaped capsu-
lorhexis), especially in eyes with >180°
subluxation and presence of lens colo-
boma [17, 18].

e Pars plana lensectomy

During pars plana lensectomy to remove
cataractous subluxated lens, after removal
of core vitreous, perfluorocarbon liquid
may be injected to lift the nucleus away

from the macula for protection from vitrec-
tor or fragmatome [19]. Now, the surgeon
needs to assess the grade of cataract and
decide whether the vitrectomy cutter would
be adequate for efficiency of removal of the
lens or a fragmatome needs to be inserted
through a separate sclerotomy [20].

17.1.4.3 Role of Ocular Viscoelastic
Devices

Viscodispersive agents like Viscoat may be used
to fill the area of zonular dehiscence to compart-
mentalize the anterior chamber from the poste-
rior chamber, preventing the vitreous from
entering the anterior chamber and the drop of
lens material posteriorly.

17.1.4.4 Choice of Intraocular Lenses

for Refractive Rehabilitation
The options for intraocular lens implantation
after lensectomy include, angle-supported ante-
rior chamber IOLs (ACIOL), iris-enclavated
IOLs, posterior chamber IOLs (PCIOL) and
scleral-fixated IOL (SFIOL) [21-23]. The choice
of the IOL depends on the availability of capsular
support and surgeon experience and expertise.

Anterior Chamber Intraocular Lens

Angle-supported ACIOLs have been reported to
have complications like corneal endothelial cell
loss, peripheral anterior synechiae (PAS)
formation and glaucoma due to chronic anterior
chamber irritation [24]. Some of these complica-
tions have been listed in Table 17.6. Iris-
enclavated lenses avoid the angle related
complications and may be placed anterior or pos-
terior to the iris [25, 26]. However, iris-claw

Table 17.6 Complications arising from ACIOLs and
SFIOLs

ACIOL SFIOL

Endothelial Chance of decentration
decompensation

Glaucoma Concern regarding haptic

extrusion

Scleral flap necrosis

If sutured, long-term suture
breakage

Retinal detachment

Pigment dispersion
Movement if unstable

De-enclavation
accidentally
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lenses may not be available in every setup, and
ACIOLs have been previously shown to be an
effective choice of IOL in pediatric ectopia
patients [27].

Steps of angle-supported ACIOL surgery

— Lens aspiration

— Bag removal by vitrectomy cutter + Core vit-
rectomy (retina specialist)

— Check anterior chamber for remnant of vitre-
ous strands

— Use vitrector to make a surgical iridetomy

— Put pilocarpine into the anterior chamber and
inject air bubble

— Increase the size of the corneal entry wound
with MVR blade

— Insert ACIOL (Kelman multiflex) under air

— Suture corneal wound

The technique of iris-claw fixation is dis-
cussed in subsequent subsection.

Posterior Chamber Intraocular Lens

In eyes with lesser degree of zonular dehiscence,
placing a PCIOL in the bag may be considered
[15]. In this regard, a “dual-support technique” of
insertion of a capsular tension segment (CTS)
with tension ring (CTR) along with a PCIOL in
case of spherophakia has been described to stabi-
lize the bag-IOL complex and prevent it from
dropping into the vitreous cavity (Fig. 17.7) [16].
Such patients tend to perform well in terms of
IOL stability and tilt in the long term (Fig. 17.8).

Scleral-Fixated Intraocular Lens

Another effective method of IOL implantation,
especially in eyes without any capsular support,
is scleral fixation of intraocular lens (SFIOL),
which may be sutured or sutureless. Scleral-
fixated IOLs are rid of the angle related problems
and various techniques of scleral fixation have
been described. However, several complications
have been reported with sutured SFIOLs, like
suture breakage, decentration of IOL, exposure
of haptic by conjunctival erosion, retinal detach-
ment, suprachoroidal hemorrhage, and endo-
phthalmitis (Table 17.3) [28, 29]. Scharioth et al.
have described a sutureless technique of haptic

burial, using two diametrically opposite scleral
tunnels with a 24-gauge cannula, which gets rid
of several disadvantages of the sutured technique,
like instability of globe and anterior chamber,
especially while passing scleral sutures, leading
to corneal endothelial damage and improper
placement of scleral sutures [30, 31]. SFIOLs
have been described safely for both ectopia lentis
and spherophakia eyes [32, 33].

Steps of SFIOL surgery

— Two partial thickness scleral tunnels are made
at diametrically opposite points using MVR
blade, 1.5 mm from the limbus (Gabor’s flap-
less technique) or two flaps 1.5 x 1.5 mm in
size are lifted at diametrically opposite points,
with partial thickness tunnels, using a crescent
blade (flap technique)

— Standard 3-port pars plana vitrectomy is per-
formed with lensectomy

— Two sclerotomies are made near the tunnels

— Multi-piece monofocal IOL is injected into
the anterior chamber

— Leading haptic of the IOL is taken out of one
sclerotomy using intravitreal forceps or by using
docking technique with a 24-gauge needle

— Tailing haptic is taken out of the other scle-
rotomy and the haptics are tucked into the
scleral tunnels

— In cases of flaps, the flap is closed either with
the help of sutures or glue and centration of
the IOL is checked.

The technique of Gore-tex-fixated SFIOL is
discussed in the subsequent subsection.

IOL choice has to be made on a case-to-case
basis. ACIOLs should be avoided in eyes at risk
of glaucoma or having any corneal pathology. In
eyes with conjunctival or scleral thinning,
SFIOLs should be avoided due to risk of expo-
sure by erosion [34].

17.1.4.5 Glaucoma Management

Glaucoma may be seen in these eyes and may
have different presentations. Pupillary block may
occur due to anterior subluxation of the lens,
leading to spontaneous shift of iris-lens dia-
phragm anteriorly. Sometimes, and more so in
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cases of spherophakia, where the lens is globular,
the anterior subluxation may cause secondary
angle closure glaucoma due to shallow anterior
chamber. The spherophakic lens may also wan-
der into the anterior chamber and cause “inverse
glaucoma,” where pupillary miosis traps the lens
in the anterior chamber, causing mechanical
angle closure. Lens-induced uveitis may also
cause chronic glaucoma due to trapping of
inflammatory cells in the angle.

Pupillary block glaucoma cases are treated
with topical and/or systemic medications and
laser or surgical peripheral iridotomy. Some
surgeons have suggested trabeculectomy for
control of intraocular pressure. Simple lens
extraction may also control intraocular pressure
to some extent, however, a future trabeculec-
tomy may be required eventually. Inverse glau-
coma cases are treated with immediate lens
extraction.

Fig. 17.7 Dual fixation technique (a) Spherophakia with
two scleral tunnel 180° across. (b) Anterior capsulorhexis
completed using Utrata forceps. (¢) Lensectomy per-
formed inside the bag. (d) Intact bag after completion on

lensectomy. (e) 9-0 prolene being used to fix Cionni ring
with sclera. (f) Cionni ring in the bag. (g) CTS in the bag
(opposite side). (h) Final position after placing IOL with
superior and inferior fixation
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Fig. 17.7 (continued)

Fig.17.8 Postoperative picture of the same patients after  the patient showing IOL in bag with good centration and
3 years. (a) Slit examination showing fibrosis of anterior  no tilt. Note the reverberations from both the edges of the
capsule and IOL in bag with no clinical tilt. (b) UBM of  IOL-bag complex caused by loop of cionni ring and CTS
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Summary of glaucoma management:

e Medical management with beta blockers and
miotics

e Peripheral
block)

e Lensectomy (relieves pupillary block and
inverse glaucoma)

e Trabeculectomy (in recalcitrant cases)

iridotomy (relieves pupillary

17.1.5 Visual Rehabilitation

A major limitation to the treatment of ectopia
lentis is the very high chance of amblyopia in
these eyes. These eyes may already be amblyopic
due to lenticular myopia (spherophakia) or uncor-
rected aphakia due to shifting of lens from the
visual axis. A lot of cases of ectopia lentis and
spherophakia may just need refractive error cor-
rection, with good improvement and maintenance
of visual acuity for prolonged periods of time
without any complication. Surgery is to be per-
formed for those selected cases which do not
have a chance of improvement with refractive
correction or are at risk of losing vision from lens
drop or glaucoma. Bilateral surgery is to be pre-
ferred in children with progressive ectopia lentis,
since unilateral surgery may lead to anisometro-
pia which has a strong amblyogenic potential.
However, in cases of traumatic subluxation, uni-
lateral surgery is unavoidable and post-surgical
management of amblyopia should be given prime
importance.

17.1.6 Long-Term Complications

* Amblyopia

* Glaucoma (primary or secondary)

e Lens with bag drop into the vitreous

e Retinal break development due to prolonged
vitreous traction

e Retinal detachment

e Prolonged inflammation and band shaped
keratopathy

17.1.7 Conclusion

Management of subluxation of lens in pediatric
age group is a complex issue, with a lot of confu-
sion in management related to severity of disease,
age of patient, associated complications, and the
best method of surgery and following refractive
rehabilitation. In this chapter we have summa-
rized the various approaches to surgery and the
importance of a holistic management of sublux-
ation and spherophakia eyes.

17.2 Gore-Tex Sutured One-Piece
PMMA IOL

Kamal Kishore

17.2.1 General Considerations

In the absence of adequate capsular or zonular
support, a scleral-sutured posterior chamber IOL
is an acceptable option [35]. Ab externo tech-
nique, originally described by Lewis in 1991 is
more precise and predictable compared to blind
ab-interno passage of sutures and is currently the
favored method for suture fixation of IOL [36]. In
recent years, there is also a trend towards more
posterior scleral penetration site to 2.5-3 mm
from the posterior or surgical limbus to reduce
the risk of optic capture, rubbing of the iris by
IOL, and intraocular hemorrhage [37].
Traditionally, 10-0 polypropylene (Prolene®,
Ethicon) has been employed for this purpose, but
there are reports of late suture breakage of
Prolene leading to dislocation of IOL, particu-
larly in younger patients [38, 39].

Expanded polytetrafluoroethylne  (ePTFE,
Gore-Tex®, W.L. Gore and Associates, Newark,
DE) suture is widely used for a variety of cardiac
and vascular procedures due to its strength, lack of
inflammation and nonabsorbable properties, but is
currently off-label for ophthalmic use. Compared
to other nonabsorbable materials, Gore-Tex® is
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soft, pliable, strong and has minimal memory
allowing for easier handling and reduced risk of
twisting, knotting, and breakage. The thinnest
available suture size CV-8 which is approximately
USP size 7-0 is a monofilament suture designed
for arteriovenous fistulas and distal femoro-popli-
teal vascular procedures [40], and was first used
off-label for scleral fixation of a posterior chamber
IOL in 2012 [41]. There have been several publi-
cations of Gore-Tex fixation of a posterior cham-
ber IOL [42-45]. The 3/8th circle 9 mm needle
supplied with Gore-Tex CV-8 suture is not suitable
for suture passage through the sclera for IOL fixa-
tion and needs to be cut off. Therefore, techniques
involving Gore-Tex for scleral fixation of an IOL
involve creation of sclerotomies in ab externo
manner with a suitable instrument, such as an
MVR blade [41, 43], 15° blade [46], or MIVS
trocars—25 or 23 g [42, 47], followed by suture
retrieval through the sclerotomy by handoff with a
pair of instruments. As CV-8 Gore-Tex is thicker
in diameter compared to 9-0 or 10-0 Prolene, and
the suture has to be handed off to and retrieved
with an instrument for passage through the sclera,
relatively larger sclerotomies need to be made,
usually 3-5 mm apart on each side. Therefore,
unlike techniques involving Prolene, scleral flaps
are not made for Gore-tex fixation. Instead, the
knots are rotated into the suture track and a seg-
ment of Gore-Tex is left behind in the subconjunc-
tival space after covering it with both Tenon’s
capsule and conjunctiva where it is well tolerated
without any tissue reaction or inflammation.

17.2.2 Choice of IOL

The initial publications by Slade (2012), Snyder
(2014) and Khan MA (2014) used a one-piece
PMMA lens with eyelets on both haptics (Model
CZ70BD, Alcon, Fort Worth, TX) [41, 42, 46].
This lens has an optic diameter of 7 mm and
overall diameter of 12.5 mm with thin, smooth,
5° posteriorly slanted haptics and has been used
extensively for suture fixation to the sclera for
more than a quarter century with an excellent

track record. However, it requires a relatively
large 7.5 mm incision. Akreos AO 60 (Bausch
and Lomb, Bridgewater, NJ), a foldable planar
lens, became very popular in subsequent years
due to eyelets in its four haptics ensuring a true
four-point fixation [43]. However, it is made of
soft hydrophilic acrylic material with a theoreti-
cal risk of cheese wiring later in life. In addition,
reports of opacification of this lens from intraoc-
ular air, gas or silicone oil are a serious concern
[48-50]. The overall diameter of Akreos AO60
lens is only 10.7 mm, rather short for ciliary sul-
cus. A foldable one-piece hydrophobic acrylic
lens with an eyelet at each optic haptic junction
(enVista MX60, Bausch and Lomb, Bridgewater,
NIJ) has been used for this purpose [47]. However,
this lens has thick square haptics, not suitable for
sulcus placement, and there is a recent report of
eyelet fracture leading to lens dislocation follow-
ing Gore-Tex fixation of enVista lens [51].
Therefore, my personal preference for scleral
suturing of an IOL is for Alcon CZ70BD lens.

17.2.3 IOL Power

If sclerotomies are made 2 mm from the limbus,
the lens power should be reduced by 1 diopter
from “in the bag” calculation. However, if scle-
rotomies are placed 3 mm behind the limbus, the
same power as determined for capsular bag fixa-
tion can be used [52].

17.2.4 Surgical Technique

A toric IOL marker is used to mark the cornea at
3 and 9 O’clock positions. Conjunctival peritomy
is performed to provide exposure in superior
270° with relaxing incision at each end located at
least one clock hour away from proposed scle-
rotomy sites. Hemostasis is achieved with an
eraser tip ophthalmic cautery. Four marks are
placed on the sclera, two on either side, 2.5 mm
posterior to limbus, 4 mm apart and straddling
the horizontal meridian. A 7.5 mm long scleral



222

S.Senetal.

incision is made with a diamond blade set at
350 pm. A crescent blade or equivalent is used to
create a tunnel at the base of this incision into
clear cornea without entering the anterior cham-
ber. Four 25-g valved cannulas are placed with
MIVS trocars making straight entry perpendicu-
lar to the globe. A thorough vitrectomy is per-
formed, with particular attention to the areas of
previously placed cannulas. Peripheral retina is
inspected, and all retinal pathologies are treated
with laser. A thorough vitrectomy may reduce the
risk of late retinal detachment [53].

Thereafter, a paracentesis is made with a 15°
blade in inferotemporal quadrant and infusion is
shifted to the anterior chamber. The superior inci-
sion is opened with a 2.75 mm keratome. The
sclerotomies into which the knot will be rotated
are enlarged slightly with 25 g trocar, or a 23-g
MVR blade. The Gore-Tex CV-8 suture is cut in
half after cutting and discarding its needles. One
end of each half is introduced into the anterior
chamber and retrieved through inferior scleroto-
mies on each side with a pair of bent 25-g vitreo-
retinal endgrasping forceps. The other end of
both sutures is threaded through the eyelet of
CZ70BD lens. After that the free end is intro-
duced into the anterior chamber and is retrieved
by transferring to the 25-g endgrasping forceps
introduced through the superior sclerotomy on
each side. The IOL is displaced to one side as
needed for this step. Care should be taken to
maintain correct orientation of sutures. A drop of
OVD is placed over the lens optic and the leading
haptic is introduced into the anterior chamber. An
assistant removes the slack from the suture as the
IOL is advanced. The leading haptic is placed
behind the iris followed by the trailing haptics.
The sutures are pulled on both sides. The lens
should center automatically. The iris is stroked a
little to ensure that the pupil is round and there is
no iris root tuck. The suture is gently tied on one
side with a double throw and a slip knot taking
care to avoid overtightening. Knot is made per-
manent on the other side using 2-1-1-1 throws.
The knot on the first side is also made permanent.
Knots are rotated into opposite sclerotomies (one
superior and one inferior). Suture is trimmed
about 1 mm from the knot and ends buried into

Fig. 17.9 Well-centered Gore-Tex sutured IOL

the wound. Sclerotomies are checked for wound
leak and if present, closed with 7-0 vicryl suture.
Usually it is not necessary.

Superior incision is closed with interrupted
or continuous 10-0 nylon suture. The conjunc-
tiva is closed with multiple 7-0 vicryl sutures
making sure that Gore-Tex is well covered
(Fig. 17.9).

17.2.5 Dos

1. Have a vigilant assistant.

2. Maintain globe stability, avoid wound leak
and hypotony.

3. Good vitrectomy especially in the regions of
sclerotomies.

4. Inspect peripheral retina and treat retinal
pathologies as needed.

5. Use valved cannulas for sclerotomies to min-
imize wound leak. I prefer 25-g as those
almost never need sutured but need to be
enlarged a little bit for rotating the knot. 23-g
sclerotomies have also been described.

6. Anterior chamber maintainer. No need to fill
the AC with an OVD.

7. Pass distal suture end first.

8. Bend 25-g end grasping forceps over a
20 mL syringe to make suture grasping eas-
ier, particularly on the nasal side.

9. Take the slack from Gore-Tex as the leading
haptic is inserted into the anterior chamber
and behind the iris to prevent suture entan-
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10.

11.

12.

13.

14.
15.

glement, or the optic passing through redun-
dant suture loop.

Minimize intraoperative hypotony. Consider
closing the wound with one suture after the
IOL has been inserted prior to tying Gore-tex
and rotating the knots.

Use slip knot to secure first haptic before
tying the knot on the other side

Stroke the iris with a spatula to make sure
there is no tuck of the iris root. Acetylcholine
(Miochol) or carachol (Miostat) can also be
injected.

Rotate knots towards opposite sides (one
superior and other inferior).

Rotate the knots before trimming the suture.
Ensure good coverage of Gore-Tex with both
Tenon’s and conjunctiva.

17.2.6 Don't

. Apply excessive cautery. It causes necrosis

and poor healing.

. Use this technique in eyes with unhealthy con-

junctiva from previous eye surgery, particularly
scleral buckle surgery. Neither conjunctiva nor
Tenon’s grows over Gore-Tex and a conjuncti-
val defect or suture exposure by conjunctival
retraction is very difficult to manage later on.

. Tie suture until both haptics have been deliv-

ered behind the iris. It is very easy to torque
the lens.

. Don’t tie sutures too tight which can torque or

tilt the lens.

. Leave knot under the conjunctiva.
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postoperative picture of, 183, 185
Anterior capsular cataract, 10
Anterior capsular fibrosis (ACF), 95
Anterior capsular plaque
congenital cataract with, 95, 96
incidence, 95
pathophysiology of, 95-96
surgical management
anterior capsulorhexis, 97
anterior eccentric capsular plaque, 97, 101
central capsular plaque, 97, 99, 100
incisions push—pull technique, 97
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stab incision with microvitreoretinal, 97, 102
vitreorhexis, 97, 99
trypan blue dye, 95
ultrasound biomicroscopy, 95, 96
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manual anterior continuous curvilinear capsulorhexis,
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properties of, 36
vitrectorhexis, 3637
Anterior chamber depth (ACD), 24
Anterior chamber intraocular lens, 216-217
Anterior continuous capsulorhexis (ACC), 194
Anterior continuous curvilinear capsulorhexis (ACCC),
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Anterior segment dysgenesis (ASD)
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Peter's anomaly, 181-183
differential diagnosis of, 183, 185
embryology, 180
genetics, 180
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surgical challenges
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glaucoma management, 186
iris abnormalities, 185, 186
irregular air bubble sign, 185, 186
kerato-lenticular adhesion, presence of, 185
Zonular weakness, 185
Anterior segment ischemia, 191
Anterior segment optical coherence tomography
(ASOCT)
preexisting posterior capsular defect, 110
subluxation of lens, 212
Anterior uveitis, 141, 142
Anterior vitrectomy (AV), 77, 80
machine settings, 41-42
rationale, 41
technique, 42
triamcinolone, 42
Antinuclear antibody (ANA), uveitis, 144
Aphakia correction, 87
aphakic glasses, 87-88
contact lenses (see Contact lenses)
epikeratophakia, 90
ARS, see Axenfeld-Rieger syndrome
ASD, see Anterior segment dysgenesis
Aspheric lenticular lenses, 88
Aspiration procedure, 31
Autosomal recessive congenital infection-like syndrome,
15
Axenfeld-Rieger syndrome (ARS)
associated with glaucoma, 181
mild variant, 180-181
severe variant, 181
systemic findings, 181
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Bag-in-the-lens (BIL) implantation technique
anterior subcapsular plaque and, 49-50
bean shaped ring fixation segments, 48
benefit of, 50
definition, 47
in Down syndrome child, 48—49
Femtosecond laser, 48
foldable caliper ring, 47-48
intra ocular lens, 48
viscodissection of anterior hyaloid, 48, 50
BenEzra, D., 32
Bilateral total cataract, 192
Bimanual implantation technique, 38-39, 50
Blau syndrome, 142
Boeck candy test, 7
Bruckner test, 8
B-scan ultrasonography, 9
preoperative evaluation, 11-12
uveitis, 146, 148
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Capsular supportive devices, 215
Cardiff acuity cards, 7
Cataract post corneal perforation, 10
Catford drum test, 6
Cerebro-oculo-facio-skeletal syndrome (COFES), 15
Cerebrospinal fluid (CSF) examination
infective cataract (TORCH), 163
uveitis, 145
Chalcosis lentis, 127, 130
Chest X-ray
preoperative evaluation, 13
uveitis, 144
CME, see Cystoid macular edema

CMYV, see Congenital cytomegalovirus (CMV) infection

Coats disease, 199

Coaxial techniques, 39
Cogan Reese syndrome, 185
Coin test, 7

Color Doppler imaging, persistent fetal vasculature, 119

Complete blood count, uveitis, 144
Computed tomography (CT)
of chest, 144
persistent fetal vasculature, 119
uveitis, 144
Congenital cytomegalovirus (CMV) infection, 163
Congenital rubella syndrome (CRS), 14-15
cause of, 164
clinical presentation
cardiovascular abnormalities, 164
cataract types, 164, 168
iris abnormality, 164, 167
maculopathy, 165
microphthalmos, 164, 165
neurological abnormalities, 164, 165
opacification/cloudiness of cornea, 164, 166
pigmentary retinopathy, 165, 169

squint/nystagmus, 165
subretinal neovascularization, 165
epidemic of, 163
WHO criteria for diagnosis of, 164
Congenital toxoplasmosis
diagnosis of, 162—-163
ophthalmic features, 162
pathogenesis of, 162
systemic features, 161
Conradi-Hiinermann—Happle syndrome, 15, 18
Contact lenses, 87, 185, 207
aphakia correction, 22, 53
advantage, 88
compliance and success of, 90
disadvantage, 88
fitting, 89-90
hydrogel/silicone hydrogel lenses, 89
power estimation, 90
rigid gas permeable lens (RGP) lenses, 89
silicone elastomer, 88—89
Silsoft, 88, 89
target refraction, 88
associated corneal problems, 68
group, 66
SilSoft, 53
use of, 18
visual rehabilitation, 72, 171, 172
Continuous curvilinear capsulorhexis (CCC), 62
Corticosteroids
intravitreal, 157
postoperative instillation, 50
topical, 68, 71, 131, 149
for uveitis, 141, 147-148
C-reactive protein (CRP), 144
CRS, see Congenital rubella syndrome
Cryotherapy, 190-191
Cystoid macular edema (CME), 57, 59, 71

D

Diathermy, 120

Down’s syndrome, 14, 16, 18
Dual fixation technique, 217, 218

E
Early onset Cockayne syndrome, 16, 18
Ectopia lentis
definition, 207
genetic without systemic manifestations, 209
management
conservative, 213
glaucoma, 217-220
intervention, 213
intraocular lenses for refractive rehabilitation,
216-217
lens, 213-216
ocular viscoelastic devices role, 216
Marfan’s syndrome
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clinical presentation, 209, 210
modified Ghent’s criteria for, 209
post-traumatic dislocation, 207
preoperative investigations
anterior segment optical coherence tomography,
212
biometry, 213
gonioscopic evaluation, 211
ocular ultrasound, 212
ocular ultrasound biomicroscopy, 212, 213
slit lamp biomicroscopy, 211
systemic investigations, 211, 212
primary ocular causes, 211
spontaneous dislocation, 207
systemic cases, comparison of, 209
visual rehabilitation, 220
Weil-Marchesani syndrome
diagnostic criteria for, 209, 211
with spherophakia, 209, 212
Edwards syndrome, 16, 18
Electrophysiological tests, 6
Emmetropization, 22
Endophthalmitis, 68
Epikeratophakia, 90
Epithelial mesenchymal trans-differentiation (EMT), 96
Erythrocyte sedimentation rate (ESR), 144
Expanded polytetrafluoroethylne, 220-221

F
Facial dysmorphism, 18
Familial exudative vitreoretinopathy (FEVR), 199, 200
Fibrinous uveitis, 69
Fish tail sign, 108
Fugo blade, 37, 99, 104, 121
Fundus autofluorescence, for uveitis, 146
Fundus fluorescein angiography
cystoid macular edema, 71
uveitis, 146

G
Gimbal, H., 32
Glaucoma
associated with Axenfeld-Rieger syndrome, 181
management
anterior segment dysgenesis, 186
ectopia lentis, 217-220
post cataract surgery complication, 196
postoperative complications
central corneal thickness, 67
examinations under anesthesia, 67
phospholine iodide/echothiophate iodide for, 67
randomized clinical trial, 66—67
risk of, 66
treatment for, 67
Glaucoma following cataract surgery (GFCS), 27
Glaucoma post trabeculectomy, 177
Gonioscopy, 130

Gore-Tex Sutured One-Piece PMMA IOL
dos and don’t, 222-223
general considerations, 220-221
intraocular lens, choice of, 221
intraocular lens power, 221
surgical technique, 221-222
well-centered Gore-Tex sutured, 222

H

Hallermann—Streiff—Francois syndrome, 16, 18

Hereditary syndromes, 199-200

Herpes simplex virus (HSV) infection, 163

Heterochromia iridis, 69

Historical aspect, 31-32

HLA tissue typing, uveitis, 144, 146

Homocystinuria, 207, 209, 211, 212

Hydrocephalus, endocardial fibroelastosis, and cataract
(HEC) syndrome, 16, 18

Hydrodelineation, 195

Hydrodissection, 37-38

Hyperlysinemia, 209, 211

Hyphema, 69

1
Immunomodulatory therapy (IMT), for uveitis, 148
Infant Aphakia Treatment Study (IATS), 61, 66, 89
Infective cataract (TORCH)
complication, 171
congenital rubella syndrome (see Congenital rubella
syndrome (CRS))
congenital toxoplasmosis
diagnosis of, 162-163
ophthalmic features, 162
pathogenesis of, 162
systemic features, 161
cytomegalovirus infection, 163
detected by immunoglobulins, 161
herpes simplex virus infection, 163
intraoperative management
anterior chamber depth, 167-168
anterior segment examination, 166—167
continuous curvilinear capsulorrhexis, 169
examination under anesthesia, 166
hydrodissection and lens aspiration, 169—170
incision, 167
IOL implantation, 170-171
posterior capsulorhexis and anterior vitrectomy,
170
small pupil, 168169
viscoelastic removal and wound suturing, 171
management, 165-171
pathogens, 161
preoperative evaluation, 166
visual rehabilitation, 171-172
Infective cataracts (TORCH), 77
Infliximab, for uveitis, 148
Intermediate uveitis, 142
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Intralenticular lens aspiration, 214
Intraocular fluid analysis, uveitis, 145-146
Intraocular foreign body (IOFB), 127, 130
Intraocular lens (IOL), 47
cataract surgery, 194-195
insertion
indication, 42
technique, 43-44
type, 43
power calculation (see IOL power calculation)
secondary IOL implantation (see Secondary
intraocular lens (IOL) implantation)
Intraoperative complications
anterior chamber depth fluctuation, 62
anterior vitreous face (AVF) disturbance, 64
capsulotomy
anterior, 62
inappropriate size and shape of, 63
immature iris, 61
intraoperative hyphema, 64
IOL malplacement/malpositioning, 64—65
iris prolapse, 61-62
posterior capsular tears, 63—64
preoperative pupil dilation failure, 62
rate of, 61
Intraoperative floppy-iris syndrome (IFIS), 62
IOL power calculation
in adult, 21
axial length tracing, 23
biometry measurements, 21
eye growth, 21-22
formula
Barrett Universal I and II, 24
Haigis, 24, 25
Hoffer Q, 24, 25
Holladay I, 24, 25
Holladay II, 24
prediction error, 24, 25
Sanders-Retzalff-Kraff (SRK I), 24
SRK 11, 24-26
SRK/T, 24, 25
future directions, 27
keratometry, 21-23
myopic shift, 21, 26-27
optical biometry, 23
undercorrection in pediatric eyes, 25, 26
Iridodialyses, 130

J
Juvenile idiopathic arthritis (JIA), 142

aphakia with vascularized visual axis opacification,

77
incidence of PCO, 77
with panuveitis, 147
uveitis and
cause of, 142
clinical presentation, 143
methotrexate, 148

vs. non-JIA uveitis, IOL implantation in, 152,
154-155

K
Keratometry, 11, 13, 21-23, 89, 130

L
Landolt’s C charts, 7
Laser
cataract in ROP, 191, 199
femtosecond, 37, 48, 185
iridectomy, 67
Nd:YAG, 81
peripheral retina, 222
for pupillary block glaucoma, 218
therapy, 190
LEA Symbols, 7
Lens aspiration, 38-39
Lens epithelial cells (LEC), 14, 47, 76, 95, 96, 108
Lens subluxation, see Ectopia lentis
Lenticular lenses, 88
Letter test, 7
Lippman’s HOTYV test, 7
LogMAR chart, 7
Lowes/oculo-cerebro-renal syndrome, 16
Lowe’s syndrome, 14
Lyme disease serology, for uveitis, 145

M
Magnetic resonance imaging (MRI)
persistent fetal vasculature, 119-120
uveitis, 144
Majewski syndrome, 17, 18
Manual small incision cataract surgery (SICS), 216
Marfan's syndrome
associated with myopia, 212
ectopia lentis, 207
clinical presentation, 209, 210
modified Ghent’s criteria for, 209
investigations in, 11, 212
Marinesco—Sjogren syndrome, 17, 18
Martsolf syndrome, 5, 17, 18
McClatchey Pediatric IOL Calculator, 25
Membranous cataract, 127, 128, 168
Menkes syndrome, 17, 18
Methotrexate, for uveitis, 148
Microcephaly, 14-16, 18
Miniature toy test, 7
Multidrop lenses, 88
Mydrane, 48
Myopia, 91, 175, 176, 195, 196
family history of, 25
high, 65, 71, 207
lenticular, 117, 213, 220
Marfan syndrome associated with, 212
mild, 90
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postoperative, 71-72
primary ocular causes, 211
Myopic shift, 26-27

N

Nance-Horan syndrome, 5, 17, 18

National Collaborative Chicago-based Congenital
Toxoplasmosis Study (NCCCTS), 161

Norrie disease, 5, 17

Nuclear cataract, 16, 168

(0]
Ocular trauma, 125, 137, 200-201
Ocular trauma score, 131

Ophthalmic viscosurgical device (OVD), 54, 55, 168,

222
in anterior chamber, 35, 113
cohesive, 36, 3940, 48, 49, 67, 168, 169
dispersive, 36, 168
hydrodissection under, 37
in intraoperative complications, 61-65
for posterior capsulorhexis, 36
properties, 35-36
visco-adaptive, 36
Optical coherence tomography (OCT), 48-50
cystoid macular edema, 71, 147
uveitis, 146—-148

P
Panuveitis, 142
Parent counseling, 18, 148-149
Pars plana lensectomy, 131, 214, 216
Pars plicata approach, 31-32
PCD, see Preexisting posterior capsular defect
PCG, see Primary congenital glaucoma
PCO, see Posterior capsular opacification
Pediatric Ocular Trauma Score, 131
Peripheral anterior synechiae (PAS), 57
Persistent fetal vasculature (PFV), 31, 37
anterior PFV
cataract, 117
enlarged ciliary processes, 117

persistent pupillary membrane (PPM), 116-117

classification, 115, 116
clinical presentations, 116-118
combined, 118
complications, 118
definition, 115
diagnosis of
color Doppler imaging, 119
magnetic resonance imaging, 119-120
ultrasonography, 118-119
ultrasound biomicroscopy, 119
differential diagnosis of leukocoria, 118, 119
history, 115
pathogenesis, 115-116

posterior PFV
Bergmeister Papilla, 118
Mittendorf dot, 117
persistent hyaloid artery, 118
retrolental fibrovascular membrane, 118
tractional detachment, 118
prognosis, 122
surgical technique
anterior approach, 120-121
posterior approach, 121-122

Persistent hyperplastic primary vitreous (PHPV), 199

Peter's anomaly
anterior segment findings, 181, 183
characteristics, 181
due to endothelium defect, 181
type I, 181, 182
type 11, 181, 182
Peyman, G.A., 31
PFV, see Persistent fetal vasculature
Phacoaspiration, 31, 215-216
Phenylephrine, for retinopathy of prematurity, 193
Plasma blade, 99, 103, 104
Pollitt syndrome, 17, 18
Polymethylmethacrylate (PMMA), 58, 64, 78
Posterior capsular opacification (PCO), 75
cytokines and growth factors, 76
incidence of, 76
pathogenesis of, 76
postoperative complications, 65-66
predisposing factors
age, 76-77
aphakia/pseudophakia, 77
capsulorhexis size, 77
etiology of cataract, 77
IOL implantation and position, 77-78
surgical technique, 77
prevention of, 79-81, 84
surgical management of
via anterior route, 81, 82
via pars plana route, 81-83
types of, 76, 78
Posterior capsular plaque
incidence, 95
management, 104-106
pathophysiology of, 96
surgical challenges, 106
ultrasound biomicroscopy, 95, 96
Posterior capsulorhexis, 32, 41, 77, 80
manual, 39-40
PCC vs. ACCC, 3940
posterior capsulotomy
after IOL insertion, 40
with cutter, 40
rationale, 39
Posterior capsulotomy with anterior vitrectomy, 32
Posterior chamber intraocular lens (PCIOL), 57,
217-219

Posterior continuous capsulorhexis (PCC), 39-40, 194

Posterior polar cataract, 10, 38, 63, 107, 108, 110
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pupils, 8
red reflex test, 8
vision assessment, 57
history
antenatal, 4
approach to child with leukocoria, 4, 5
etiology of cataract, 5
inheritance patterns of diseases, 4, 5
maternal, 4
past medical, 4
perinatal, 4
of present illness, 4
symptoms, 3—4
investigations
for anesthesia, 13
complete blood counts with electrolytes, 13
echocardiography, 11
genetic testing, 11
ultrasound A on B-scan, 12
ultrasound biomicroscopy, 12
ultrasound B-scan, 11-12
parent counseling, 18
surgical planning, 13-14
syndromic associations, 14—18
Primary congenital glaucoma (PCG)
cataract management
corneal haze, 176, 178
IOL power calculation, 179
very deep anterior chamber, 178
wound apposition, 179
Zonular weakness, 178
clinical presentation, 175-176
examination findings, 176, 177
incidence of, 175
surgical outcomes, 179
ultrasound biomicroscopy investigation, 176, 178
Primary intraocular lens (IOL) implantation, 53, 54
Pseudoexfoliation syndrome, 211
Pseudophakia, 200

Posterior uveitis, 141-142
Postoperative complications
after secondary IOL implantation, 58-59
cystoid macular edema, 71
decentration of IOL, 70
early hypotony, 70
endophthalmitis, 68
fibrinous uveitis, 69
glaucoma, 6667
glistenings, 71
heterochromia iridis, 69
high postoperative myopia, 71-72
hyphema, 69
intellectual disability, 71
intraocular pressure (IOP) spike, 67-68
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surgical, 109
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management
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lens matter removal, 113 refractive, 207, 216
posterior capsule, 113 visual (see Visual rehabilitation)
surgical, 110-112 Retinal detachment (RD)
visual rehabilitation, 114 incidence of, 71

morphology, 107
pathogenesis of, 107-108

Preoperative evaluation, 3

examination, 5, 6
under anesthesia, 11
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fundus, 11
intraocular pressure measurements, 10—11
ocular movements, 7
oculo-digital phenomenon, 7-8
posterior segment, 11

post cataract surgery complication, 196
risk of, 71
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Retinopathy of prematurity (ROP), cataract in
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epidemiology, 189
incidence of, 189
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intraoperative challenges
anterior capsulorhexis and lens aspiration, 194
anterior vitrectomy, 194
approach and dilatation, 193-194
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management, 193-195
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laser, 191
post-injection, 191-192
post-surgery, 192—-193
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Slit lamp biomicroscopy, 9, 211
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Soft cataract, 126, 127
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Weil-Marchesani syndrome with, 212
Step wise surgical treatment
anesthesia considerations
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perioperative routine, 32
surgeon coordination with anesthesiologist, 32-33
anterior capsule management
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properties of, 36
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anterior vitrectomy, 41-42
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needling, 31
ophthalmic visco surgical device, 35-36
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manual posterior capsulorhexis (PCC), 3941
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posterior capsulotomy with cutter, 40
rationale, 39
surgical technique, 33
timing of surgery, 33
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Surgical planning, 13-14
Sutural cataract, 10
Syndromic associations, 14—18
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simplex virus), see Infective cataract
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Transient corneal edema, 68
Traumatic cataract, 135, 137
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after dilation, 129-131
before dilation, 127, 129, 130
follow-up, 133
management of, 125
morphology of
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intra lenticular foreign body, 127, 130
membranous cataract, 127, 128
Rossette cataract, 127, 129
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soft cataract, 126, 127
total cataract, 126—128
vascularized pupillary membrane, 127, 130
pathophysiology, 126
penetrating trauma, 126
postoperative complications
after cataract, 135
corneal opacity, 135, 138
lens mal position, 135, 137
lens precipitates, 135, 136
nonimprovement of vision, 135, 138
pupillary capture, 135, 136
recurrent inflammation, 135, 137
secondary glaucoma, 135
postoperative medication, 133
preoperative evaluation, 126—127
risk of reoperation, 65
surgical principles
anesthesia, 131
anterior capsule management, 131
morphological consideration, 131
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surgical technique, 132-134
timing of surgery, 125, 131
visual outcome, 133
Tropicamide, for retinopathy of prematurity, 193
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142
Tumbling E, 7
Tunica vasculosa lentis (TVL), 191

U
Ultrasonography (USG), 122
mass lesion with calcification, 201, 202
persistent fetal vasculature, 118-119
preexisting posterior capsular defect, 109
visual axis opacification, 79
Ultrasound biomicroscopy (UBM), 12-13
anterior and posterior capsular plaque, 95, 96
persistent fetal vasculature, 119
Peter’s anomaly, 182
preexisting posterior capsular defect, 109-110
for retinopathy of prematurity, 193
secondary IOL implantation, 54
subluxation of lens, 212, 213
uveitis, 146147
visual axis opacification, 79, 80
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preoperative evaluation, 11-12
uveitis, 146, 148
USG, see Ultrasonography
Uveal effusion, 191
Uveitis
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classification of
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Blau syndrome, 142
clinical presentation, 141, 142
etiology, 141, 142
histology, 141
juvenile idiopathic arthritis, 142
tubulointerstitial nephritis and uveitis syndrome,
142-143
clinical presentation
festooned appearance of pupil, 143, 144
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hypopyon in anterior chamber, 143
Koeppe’s nodules, 143, 144
posterior subcapsular cataract, 143—145
red eye, 143
total cataract, 144, 146
tuberculosis and sarcoidosis, 143, 145
first-line treatment, 147-148
immunosuppressive therapy, 148
incidence, 141
intraoperative complications
retained lens fragments, 153
zonular dialysis, 153
intraoperative management, 150
investigation, 144—147
management of, 147
optical coherence tomography, 148
pathophysiology of, 147
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perioperative complication, 153, 156
postoperative complications
amblyopia management, 157
cystoid macular edema, 157
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glaucoma, 156
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recurrence of uveitis, 156-157
preoperative control of inflammation, 149
prevalence of, 141
screening, 148
small pupil management
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hydrodissection and lens aspiration, 152
IOL implantation, 152—155
pupil dilating hooks and expansion ring, 150-152
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self-retaining iris hooks, 151, 153
synechiolysis, 150, 151
viscoelastic removal, 153
structural abnormalities in, 148—149
surgical techniques, 149-150
systemic corticosteroids management, 141
visual loss, 141, 147
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VDRL/RPR, uveitis, 145
Vision assessment
in different ages, 7
for preschool children, 7
for preverbal children
Catford drum test, 6
electrophysiological tests for, 67
fixation of child, 6
Teller acuity cards, 6
Visual axis opacification (VAO)
after cataract surgery, 196
causes of, 75
clinical presentation, 78—79
fibrotic type of, 78

incidence of, 77, 84
investigations, 79, 80
IOL glistening, 75, 76
management
neodymium yttrium aluminum garnet (Nd: YAG)
capsulotomy, 81
surgical, 81-83
medical preventive measures, 79-80
posterior capsular opacification (see Posterior
capsular opacification (PCO))
posterior capsulorhexis for, 39
postoperative complications, 65-66
post traumatic cataract with fibrinous membrane, 75
proliferative, 78-79
reoperations for, 53
surgical preventive measures, 80—81
Visually insignificant cataract, 10
Visual rehabilitation, 87, 120, 122, 157, 166
amblyopia treatment, 91
ectopia lentis, 220
infective cataract (TORCH), 171-172
preexisting posterior capsular defect, 114
residual refractive error management, 90-91
Vitrectomy cutter, 37, 39
Vitrectorhexis, 3637
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Weck-cell vitrectomy, 71

Weil-Marchesani syndrome, 207, 209, 211, 212
White dot sign, 108

Worth’s ivory ball test, 7
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Zonular cataract, 9, 176, 186, 190



	Contents
	About the Editors
	List of Videos
	Part I: Management of Pediatric Cataract
	1: Preoperative Evaluation and Investigative Modalities in Pediatric Cataract
	1.1 Introduction
	1.2 History
	1.3 Examination
	1.3.1	 Vision Assessment in Children
	1.3.2	 Ocular Movements
	1.3.3	 Oculo-Digital Phenomenon
	1.3.4	 Pupils
	1.3.5	 Red Reflex Test
	1.3.6	 Anterior Segment Examination
	1.3.6.1	 Lens Examination

	1.3.7	 Intraocular Pressure Measurements
	1.3.8	 Posterior Segment Examination
	1.3.9	 Examination Under Anesthesia

	1.4 Investigations
	1.5 Surgical Planning
	1.6 Syndromic Associations
	1.7 Parent Counseling
	1.8 Rehabilitation
	1.9 Summary (Point Wise)
	References

	2: IOL Power Calculation
	2.1	 Introduction
	2.2	 Eye Growth
	2.3	 Biometry
	2.4	 IOL Power Calculation Formula
	2.5	 IOL Power Selection
	2.6	 Myopic Shift
	2.7	 Future Directions
	2.8	 Conclusion
	2.9	 Method of Literature Review
	References

	3: Step Wise Surgical Treatment of Pediatric Cataract
	3.1	 Introduction
	3.2	 Historical Aspect
	3.3	 Anesthesia Considerations
	3.3.1	 Perioperative Routine
	3.3.2	 Anesthetic Agents
	3.3.3	 Muscle Relaxants
	3.3.4	 Surgeon Coordination with Anesthesiologist

	3.4	 Timing of Surgery
	3.5	 Stepwise Surgical Technique
	3.6	 Head Positioning
	3.7	 Incision Construction
	3.7.1	 Paracentesis
	3.7.2	 Main Wound Construction
	3.7.3	 Considerations for Wound Construction
	3.7.4	 Pars Plana Port
	3.7.5	 Suturing

	3.8	 Ophthalmic Visco Surgical Device (OVD)
	3.9	 Anterior Capsule Management
	3.9.1	 Properties of Anterior Capsule
	3.9.2	 Manual Anterior Continuous Curvilinear Capsulorhexis (ACCC)
	3.9.3	 Vitrectorhexis

	3.10	 Hydrodissection
	3.11	 Lens Aspiration
	3.11.1	 Bimanual Technique
	3.11.2	 Coaxial Techniques
	3.11.3	 Vitrectomy Cutter

	3.12	 Posterior Capsulorhexis
	3.12.1	 Rationale
	3.12.2	 Manual Posterior Capsulorhexis (PCC)
	3.12.3	 Posterior Capsulotomy with Cutter
	3.12.4	 Posterior Capsulotomy After IOL Insertion

	3.13	 Anterior Vitrectomy
	3.13.1	 Rationale
	3.13.2	 Machine Settings
	3.13.3	 Technique

	3.14	 IOL Insertion
	3.14.1	 Indication
	3.14.2	 IOL Type
	3.14.3	 Technique

	3.15	 Conclusion
	References

	4: Bag in the Lens
	4.1	 Case 1
	4.2	 Case II
	4.3	 Case III
	4.4	 In Conclusion
	References

	5: Secondary IOL in Congenital Cataract Surgery
	5.1	 Introduction
	5.2	 General Considerations
	5.3	 IOL Fixation Sites
	5.3.1	 In the Bag
	5.3.2	 Ciliary Sulcus Fixation
	5.3.3	 ACIOL
	5.3.4	 Iris-Claw IOL

	5.4	 Complications
	5.5	 Conclusion
	References

	6: Intraoperative and Postoperative Complications
	6.1	 Intraoperative Complications
	6.2	 Postoperative Complications
	References

	7: Visual Axis Opacification
	7.1	 Introduction
	7.2	 Pathogenesis
	7.3	 Predisposing Factor
	7.3.1	 Age
	7.3.2	 Etiology of Cataract
	7.3.3	 Surgical Technique
	7.3.4	 Size of Capsulorhexis
	7.3.5	 Aphakia or Pseudophakia
	7.3.6	 IOL Position and Type

	7.4	 Clinical Presentation
	7.5	 Investigations
	7.6	 Prevention
	7.6.1	 Medical Preventive Measures
	7.6.2	 Surgical Preventive Measures

	7.7	 Management
	7.7.1	 Neodymium Yttrium Aluminum Garnet (Nd:YAG) Capsulotomy
	7.7.2	 Surgical Management
	7.7.2.1	 Limbal Route
	7.7.2.2	 Pars Plana Route (Fig. 7.11)


	7.8	 Conclusion
	References

	8: Post-operative Management and Visual Rehabilitation in Pediatric Cataract
	8.1	 Aphakia Correction
	8.2	 Aphakic Glasses
	8.3	 Contact Lenses
	8.4	 Epikeratophakia
	8.5	 Management of Residual Refractive Errors After Intraocular Lens Implantation
	8.6	 Amblyopia Treatment
	8.7	 Summary
	References


	Part II: Pediatric Cataract Surgery in Challenging Situations
	9: Surgery in Fibrotic Anterior and Posterior Capsule
	9.1	 Incidence
	9.2	 Pathophysiology
	9.3	 Surgical Management
	9.4	 Posterior Capsular Plaque Management
	References

	10: Preexisting Posterior Capsular Defect
	10.1	 Introduction
	10.2	 Pathogenesis
	10.3	 Clinical Presentation
	10.4	 Classifications
	10.4.1	 Surgical Classification

	10.5	 Investigations
	10.5.1	 Ultrasonography
	10.5.2	 Ultrasound Biomicroscopy
	10.5.3	 Anterior Segment Optical Coherence Tomography

	10.6	 Management
	10.6.1	 Surgical Management
	10.6.2	 Incisions
	10.6.3	 Anterior Chamber (AC)
	10.6.4	 Anterior Capsulorhexis
	10.6.5	 Hydro Maneuvers
	10.6.6	 Lens Matter Removal
	10.6.7	 Posterior Capsule Management
	10.6.8	 Anterior Vitrectomy
	10.6.9	 IOL Implantation

	10.7	 Visual Rehabilitation
	10.8	 Conclusion
	References

	11: Persistent Fetal Vasculature
	11.1	 Introduction
	11.2	 Pathogenesis
	11.3	 Clinical Presentation
	11.3.1	 Anterior Presentation
	11.3.1.1	 Persistent Pupillary Membrane (PPM)
	11.3.1.2	 Cataract
	11.3.1.3	 Enlarged Ciliary Processes

	11.3.2	 Posterior Presentation
	11.3.2.1	 Mittendorf Dot
	11.3.2.2	 Fibrovascular Membrane
	11.3.2.3	 Persistent Hyaloid Artery
	11.3.2.4	 Bergmeister Papilla
	11.3.2.5	 Tractional Detachment

	11.3.3	 Associations
	11.3.4	 Complications

	11.4	 Investigations
	11.4.1	 Ultrasonography (USG)
	11.4.2	 Ultrasound Biomicroscopy (UBM)
	11.4.3	 Color Doppler Imaging
	11.4.4	 Magnetic Resonance Imaging (MRI)

	11.5	 Management
	11.5.1	 Anterior Approach
	11.5.2	 Posterior Approach

	11.6	 Prognosis
	11.7	 Conclusion
	References

	12: Pediatric Traumatic Cataract
	12.1	 Introduction
	12.2	 Epidemiology
	12.3	 Pathophysiology
	12.3.1	 Preoperative Evaluation
	12.3.1.1	 Morphological Consideration

	12.3.2	 Examination
	12.3.3	 Timing of Surgery
	12.3.4	 Surgical Details
	12.3.5	 The Surgical Technique
	12.3.6	 Postoperative Medication
	12.3.6.1	 Follow-up

	12.3.7	 Visual Outcome
	12.3.8	 Postoperative Complications

	12.4	 Summary
	References

	13: Uveitic and Complicated Cataract
	13.1	 Management of Pediatric Uveitic Cataract
	13.1.1 Classification
	13.1.2 Clinical Presentation

	13.2	 Investigation
	13.2.1 Pathophysiology of Cataract Development in Uveitis
	13.2.2 Management of Uveitic Cataract
	13.2.2.1	 Management of Uveitis

	13.2.3 First-Line Treatment
	13.2.4 Measures to Prevent Cataract Formation
	13.2.5 Cataract Surgery
	13.2.6 Control of Inflammation
	13.2.7 Surgical Techniques
	13.2.8 Intraoperative Management
	13.2.9 Small Pupil Management
	13.2.10 Complications of Uveitic Cataract Surgery (Table 13.6)
	13.2.10.1	 Intraoperative
	13.2.10.2	 Postoperative


	13.3	 Conclusion
	References

	14: Infective Cataract (TORCH)
	14.1	 Congenital Toxoplasmosis
	14.2	 Congenital Cytomegalovirus (CMV) Infection
	14.2.1	 Clinical Manifestation [22]

	14.3	 Herpes Simplex Virus (HSV) Infection
	14.4	 Congenital Rubella Syndrome
	14.4.1	 Clinical Presentation

	14.5	 Management
	14.5.1	 Preoperative Evaluation
	14.5.2	 Intraoperative

	14.6	 Complication
	14.7	 Visual Rehabilitation
	14.8	 Conclusion
	References

	15: Congenital Glaucoma and Anterior Segment Dysgenesis
	15.1	 Childhood Glaucoma
	15.1.1	 Introduction
	15.1.2	 Clinical Presentation
	15.1.3	 Investigations
	15.1.3.1	 Management of Cataract in Buphthalmic Eyes

	15.1.4	 Surgical Outcomes

	15.2	 Anterior Segment Dysgenesis
	15.2.1	 Embryology
	15.2.2	 Genetics
	15.2.3	 Clinical Features
	15.2.4	 Differential Diagnosis
	15.2.5	 Investigations
	15.2.6	 Surgical Pearls

	References

	16: Cataract Associated with ROP and Other Retinal Pathologies
	16.1	 Introduction
	16.2	 Epidemiology
	16.3	 Type of Cataract
	16.4	 Causes
	16.5	 Management
	16.5.1 Preoperative Challenges
	16.5.2 Intraoperative Challenges
	16.5.3 Postoperative

	16.6	 Cataract in Other Pediatric Retinal Disorders
	16.7	 Coats Disease
	16.8	 Persistent Hyperplastic Primary Vitreous (PHPV)
	16.9	 Hereditary Syndromes
	16.10	 Ocular Trauma
	16.10.1 Ocular tumor

	References

	17: Management of Subluxated Lens and Spherophakia
	17.1	 Management of Subluxated Lenses and Spherophakia
	17.1.1	 Introduction
	17.1.1.1	 Ectopia Lentis
	17.1.1.2	 Spherophakia

	17.1.2	 Clinical History and Examination
	17.1.2.1	 Ectopia Lentis
	17.1.2.2	 Spherophakia

	17.1.3	 Preoperative Investigations
	17.1.4	 Management Approaches to Lens Subluxation
	17.1.4.1	 Conservative Management
	17.1.4.2	 Lens Management
	17.1.4.3	 Role of Ocular Viscoelastic Devices
	17.1.4.4	 Choice of Intraocular Lenses for Refractive Rehabilitation
	Anterior Chamber Intraocular Lens
	Posterior Chamber Intraocular Lens
	Scleral-Fixated Intraocular Lens

	17.1.4.5	 Glaucoma Management

	17.1.5	 Visual Rehabilitation
	17.1.6	 Long-Term Complications
	17.1.7	 Conclusion

	17.2	 Gore-Tex Sutured One-Piece PMMA IOL
	17.2.1	 General Considerations
	17.2.2	 Choice of IOL
	17.2.3	 IOL Power
	17.2.4	 Surgical Technique
	17.2.5	 Dos
	17.2.6	 Don’t

	References


	Index

