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Partie |. PRESENTATION ET CONTEXTE DE L'ETUDE

Cette étude a été réalisée au sein du service d’'Ophtalmologie Pédiatrique du Docteur Caputo a la
Fondation Ophtalmologique Adolphe de Rothschild (FOR).

Son objectif principal était de rapporter le risque de survenue du glaucome secondaire apres
chirurgie de la cataracte congénitale, dans une population d’enfants pseudophaques opérés

précocement.

La cataracte congénitale (CC) est définie par une opacification uni (CU) ou bilatérale (CB) du cristallin
chez I'enfant avant I’dge d’un an (1). Son incidence varie entre 1 et 5/10 000 enfants (2) selon les
études.

Sur le plan physiopathologique, il s’agit d’'une anomalie cristallinienne malformative, dont I'étiologie
est variable en fonction de la latéralité de I'atteinte : le plus souvent héréditaire ou secondaire a une
pathologie oculaire.

Induisant une déprivation visuelle, les cataractes obturant I'axe visuel sont fortement amblyogenes.
A ce titre, elles relevent d’une prise en charge chirurgicale précoce pour optimiser le pronostic

fonctionnel : idéalement avant 6 et 8 semaines de vie respectivement pour les CU (3) et les CB (4,5).

Dans la littérature, la procédure chirurgicale concernant la CC est relativement consensuelle depuis
le début des années 2000 (5,6). Cette intervention comprend une phacoaspiration par abord cornéen
limbique, suivie de la réalisation systématique d’un capsulorhexis postérieur et d’une vitrectomie
antérieure afin de prévenir I'opacification capsulaire secondaire constante et précoce chez I'enfant.

Par ailleurs, la question du choix de I'implantation primaire versus I'aphakie reste toujours débattue
et releve essentiellement des habitudes propres a chaque équipe. Dans notre service

d’Ophtalmologie Pédiatrique, I'implantation primaire est la régle. Elle est pratiquée tant pour les CU
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gue pour les CB et quelque soit I'dge de I'enfant, dés lors que la taille de I'oeil et I'existence d’un plan
capsulaire postérieur permettent la mise en place d’'un implant dans le sac ou le sulcus.
Le choix de cette pratique, il y a plusieurs années, repose sur plusieurs arguments en faveur de
I'implantation primaire :
= |'augmentation théorique des chances de réussite de la rééducation de I'amblyopie par
suppression du probleme de compliance lié au port de lentilles rigides perméables au gaz
(LRPG) corrigeant I'aphakie,
= |a diminution des complications inflammatoires imputées a I'implant intra oculaire (ICP)
grace a l'utilisation d’implants acryliques hydrophobes (7,8),
= le potentiel role protecteur de l'implantation primaire sur l'apparition d’un glaucome

secondaire (9).

Le glaucome secondaire (GS) est la complication la plus redoutable aprés chirurgie de la cataracte
congénitale, que les enfants soient aphaques ou pseudophaques (5,10-13). Sa prévalence varie
considérablement selon les différentes études (9), de 3 a 41 %. Plusieurs explications peuvent étre
soulevées :
= |'absence de définition consensuelle du GS, rendant le diagnostic d’autant plus difficile en
pratique. Ce dernier repose sur un faisceau d’arguments cliniques :

— I'hypertonie oculaire, en tenant compte du fait que la pression intraoculaire (PIO)
physiologique de I'enfant est inférieure a celle de I'adulte. Il convient également de ne
pas négliger le fait que les mesures de PIO chez les jeunes enfants sont réalisées sous
anesthésie générale, ce qui sous-estime les valeurs de PIO d’environ 30 % en raison de
I"utilisation de gaz halogénés (2),

— I'atteinte structurale de la papille avec une excavation large ou asymétrique, mais

inconstante chez I'enfant,

18



— les modifications morphologiques du globe pendant la période de croissance oculaire
(jusgu’a 3 ans): augmentation anormale de la longueur axiale et/ou du diamétre
cornéen, myopisation importante en rapport avec un myopic shift (MS) élevé ou
asymétrique,

— l';edéme cornéen cliniquement significatif ou pachymétrie augmentée.

= |a différence entre les populations étudiées dans ces différentes études; en effet, la
prévalence du GS semble étre fortement corrélée et inversement proportionnelle a I'age de
I’enfant lors de I'intervention chirurgicale de CC (9,10,14),

= e suivi post-opératoire des études, puisque le délai d’apparition du GS est typiquement
retardé de plusieurs années apreés l'intervention de CC, bien que des cas de GS plus précoces

existent également (5).

La physiopathologie du GS reste incertaine et multifactorielle (2) comprenant des mécanismes a
angle ouvert (altération de la filtration trabéculaire par la présence de vitré au niveau de I'angle
iridocornéen ou par réaction inflammatoire post-opératoire, trabéculum immature |ésé par
I'intervention chirurgicale, modification de la matrice extracellulaire trabéculaire induite par une
corticothérapie, toxicité des cellules cristaliniennes résiduelles) et d’autres, plus rares, par fermeture
de I'angle (modification de la dynamique du plan iridocristallinien, synéchies dans I'angle).

Plusieurs facteurs de risque de survenue d’un GS ont été suspectés dans la littérature. Les plus
consensuels sont : I'dge de I'enfant lors de la chirurgie de CC, notamment avant 1 an (5,12,13), la
microphtalmie (15,16), I'existence d’une persistance de la vascularisation foetale (PVF) ou encore le
recours a des chirurgies intraoculaires additionnelles (17) . L'un des plus débattu de ces facteurs de
risques présumés reste I'implantation primaire (9,11-13,17). Toutefois, I'Infant Aphakia Treatment
Study (IATS) (15), premiere étude prospective sur le sujet, a récemment conclu a I'absence de

différence significative de la survenue d’'un GS entre enfants aphaques et pseudophaques a 5 ans.
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L’objectif principal de notre étude était de déterminer le risque de survenue du glaucome secondaire
dans notre population d’enfants opérés avant I’dge d’un an de cataracte congénitale uni ou bilatérale
avec implantation primaire, et de la comparer aux données de la littérature. Les objectifs secondaires
étaient de rechercher d’éventuels facteurs prédisposant au glaucome secondaire, et de décrire la

prise en charge thérapeutique et le pronostic fonctionnel de ces yeux glaucomateux.
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Partie Il. ARTICLE ORIGINAL : Glaucoma after early congenital cataract
surgery and primary implantation: a retrospective study of 167 children

1. Introduction

Dense congenital or early developmental cataracts represent a serious threat to the development of
the visual system in a young child (1,2). The priority is prompt surgery after the diagnosis has been

made, to clear the visual axis and to achieve a good visual outcome (3-8).

Current methods to compensate for the refractive power of the lens include glasses, aphakic contact
lenses and posterior chamber intraocular lenses (IOL). The primary implantation of a posterior
chamber IOL is now increasingly admitted, even in younger children and for both monocular and

bilateral cataracts (9—-13).

Despite advances in congenital cataract management, the occurrence of secondary glaucoma (SG) is
the major sight-threatening complication of cataract removal in infancy (2). Aphakic or pseudophakic
glaucoma typically include a delayed intraocular pressure (IOP) elevation (14-16) with an open-angle

(17). Rarely, it happens as an early angle closure glaucoma (18).

Although the pathogenesis of glaucoma after cataract surgery is still unclear, several ocular and
surgical risk factors for its occurrence are strongly suspected and could impact on clinical practice,
like early surgery (5), chronic postoperative inflammation (19), primary posterior capsulotomy (20),
persistence of fetal vasculature (PFV) (21), or microphthalmia (18). Furthermore, a protective role of
IOL implantation has been suggested (22,23) by mechanical support of the trabecular meshwork and

by blocking a potentially toxic component of the vitreous. However, a recent prospective study
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(24,25) stated that primary IOL placement had no influence on the risk of glaucoma after cataract
surgery.

The incidence of SG, ranging from 3% to 41% (26,27) depending on the series, remains unclear
because there is no universal definition of aphakic or pseudophakic glaucoma, making the diagnosis
difficult in children. Furthermore, as in most paediatric glaucomas, patient care remains complex and

the long-term visual outcomes are still not well known.

The primary goal of this study was to report on the incidence of glaucoma after early monocular or
bilateral cataract removal with primary IOL implantation.
The secondary objectives were to identify the risk factors for the development of glaucoma in these

eyes, the treatments used and the visual outcomes.
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2. Methods

Subjects:

We conducted a retrospective review of all consecutive children who underwent unilateral or
bilateral paediatric cataract surgery with primary implantation in their first year of life, between
January 2003 and December 2012 at the Fondation Ophtalmologique Adolphe de Rothschild (Paris,
France). This hospital is a tertiary centre in paediatric ophthalmology, receiving patients from all over
the country.

A least 1 month of follow-up after surgery was required for inclusion in the study. Anterior form of
persistent of fetal vasculature (PFV) that did not require posterior vitrectomy, and relative
microphthalmia allowing primary IOL implantation were included in the study. Exclusion criteria were
patients with other ocular malformations, especially anterior segment dysgenesis, pre-existing I0OP
elevation or congenital glaucoma, syndromic cataract (ie Lowe, congenital Rubella), history of trauma
or uveitis, and premature children born before 32 weeks’ gestation.

Appropriate approval was granted from ethic committees of the institution.

Surgical technique and postoperative aftercare:

One surgeon performed 68% of the lensectomies and 7 other paediatric ophthalmologists operated
on the remaining cases. However, the surgical procedure was consensual as follows: clear corneal
incision, anterior capsulorhexis, lensectomy using the vitrectome, posterior capsulorhexis and
anterior vitrectomy. Primary posterior chamber implantation was performed into the capsular bag or
the sulcus based on anatomical conditions. The type of IOL varied according to the year of the
intervention. Two types of material were used: Poly Methyl MethAcrylate (PMMA) in the older cases,

or acrylic hydrophobic IOL in the more recent years.
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A topical postoperative treatment was prescribed for a period of one month, including a mydriatic
(atropine) and an antibiotic/steroids combination (dexamethasone-neomycin-polymixin B). An oral
steroid treatment (betamethasone) was added for one week.

The postoperative visual rehabilitation was started within one to two weeks after cataract surgery,
with glasses correction and patching when indicated.

Every child had an examination under general anaesthesia one month after surgery to control the
refraction, the axial length, the cornea, the anterior chamber, the IOP and the fundus. Then, regular
examinations under general anaesthesia were performed until the age of the children allowed a full

and reliable ophthalmologic examination at the slit lamp.

Glaucoma diagnosis and follow-up:

In the study, the primary outcome measure was the diagnosis of secondary glaucoma, based on the
ophthalmologist’s decision to initiate a permanent medical treatment or a glaucoma specific surgery
at least one month after cataract surgery, relevant to the end of the steroid treatment.

Several criteria were used by the physician to suspect the onset of a secondary glaucoma, as a body
of clinical arguments: ocular hypertension, asymmetric optic nerve cupping (>0.2) or large cup-to-
disk ratio (>0.4), corneal oedema or pachymetric elevation, enlargement of corneal diameter,
abnormal asymmetric axial length elongation or myopic shift. The IOP was measured during general
anaesthesia by a portable applanation tonometer (Perkins). Considering that the physiologic IOP in
children is lower than in adults and that some anaesthetic drugs (as sevoflurane) falsely decrease by
about 30% the IOP, an elevation > 14 mmHg was considered as suspicious. Corneal diameter was not
uniformly available, that’s why an eye was considered as microphthalmic if it was consigned on the
medical record, or if the difference of axial length or corneal diameter between the eyes was 21 mm,
or corneal diameter <10 mm.

Visual acuity was measured with an appropriate scale using Snellen chart, depending on the age and

the development of the child. Then, visual acuities (VA) were converted into log MAR equivalents.
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Statistical analysis:

Data were analysed using the R statistical package (R Core Team 2014 R: A language and
environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria.
URL http://www.R-project.org/). A statistically significant association was defined by a p-value
inferior to 0.05.

Inter-groups differences between quantitative variables were tested using Student test (if the
variable distribution could be considered normal after a Shapiro test) or exact corrected Wilcoxon
test (if the normality assumption could not be made). Inter-groups differences between qualitative
variables were tested using Fisher exact test.

Time-related occurrence of glaucoma after surgery was analysed using a Kaplan-Meier estimator.
Effect on glaucoma occurrence was tested using log-rank tests (univariate analysis) and then a
multivariate Cox model. As for the final visual acuity, only eyes with an evaluation after 5 years of age

were taken into consideration.
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3. Results

Study population

One hundred and ninety six children underwent unilateral or bilateral congenital cataract surgery
with primary IOL implantation in their first year of life, between January 2003 and December 2012.
Twenty nine children were excluded, among which 10 posterior PFV, 5 anterior segment dysgenesis,
2 pre-existing IOP elevations, 2 Lowe syndromes, 1 congenital Rubella, 1 premature child, and 8
because of unavailable data.

Eventually, 167 children (241 eyes) were included in the study: 90 females (53.9%) and 77 males
(46.1%). The median age at surgery was 4.2 months (interquartile range (IQR) 4,1; range 0.9-12.0
months). The median follow-up period was 4.6 years (IQR 6.6; range 1 month-12.4 years) and the

median age at the last visit was 5.2 years (IQR 6.3; range 4.3 months-12.8 years).

Laterality of cataracts

Seventy four patients (44.3%) had a bilateral cataract and 93 patients (55.7%) an unilateral one.
These two groups were significantly different: the age at lensectomy was lower for bilateral
cataracts (mean 3.8 vs. 5.1 months, p = 0.04) and their follow-up time was longer (mean 5.3 vs. 3.8

years, p = 0.04).

Cases of secondary glaucoma

Secondary glaucoma (SG) occured in 31 eyes (12.9%) of 23 patients (13.8%), divided in 27 eyes of
bilateral cataracts (18 .2%) and 4 eyes of unilateral cataracts (4.3%) (Hazard Ratio (HR) 3.8, 95% Cl
[1.3-11.1] p = 0,008). These two subgroups were comparable in terms of age at surgery, follow-up

time and delay of onset of the SG (Table 1).
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The median time to glaucoma diagnosis was 3.0 years (IQR 5.8; range 2.4 months-11.7 years). In
11/31 eyes (35%), the SG appeared in the first postoperative year. The SG eyes were significantly
younger at the time of cataract surgery than those who did not developed glaucoma (mean 3.8 vs.
4.8 months, p = 0.04), and had a significantly longer follow-up (mean 8.0 vs. 4.5 years, p < 0.0001).

A Kaplan-Meier survival curve of eyes remaining glaucoma-free over time is presented on Figure 1. In
our cohort, the cumulative risk of developing a SG after cataract removal increased from 11.2% at 5
years (95%Cl [6.3-15.9%]) to 26.4% at 10 years (95% ClI [15.2-36.1%]). The estimated linear

incidence of SG was 2.6 new cases per 100 eyes per year (Figure 2).

Predictive factors of secondary glaucoma

The results of the univariable analyses of the associations between possible predictive factors and
the occurence of SG are shown in Table 2.

When a multivariate model was constructed that adjusted for all the dignificant factors listed in Table
2, the independent factors associated with SG were age at cataract surgery before 3 months (HR 2.3,
95% Cl [1.1-5.1], p = 0.03), bilateral cataract (HR 3.9, 95% Cl [1.3-11.7], p = 0.01), microphthalmia

(HR 3.4, 95% CI [1.5-8.0], p = 0.004), and family history of SG (HR 3.4, 95% CI [1.1-10.2], p = 0.03).

Diagnostic criteria at the time of diagnosis

At the time of SG diagnosis, the average initial IOP was 22 mmHg (+ 6.5; 8-35). However, the average
IOP was lower when measured under general anaesthesia than at the slit lamp in consultation (19
mmHg vs. 28 mmHg). The average optic nerve cupping was 0.4 (+ 0.2; 0.1-1.0). The average
pachymetry was 630um (+ 76; 484-750). Among the 31 eyes diagnosed as having a SG, 13 (42%)
showed an initial IOP > 21mmHg, 12 (39%) an increased optic nerve cupping > 0.4, and 15 a
pachymetry > 630 um.

Although detailed gonioscopic informations were not collected, 30 of 31 eyes with glaucoma were

assumed to be open angle, while 1 eye had circumferential angle synechiae.
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Therapeutic care in glaucoma eyes

Therapeutic choices depended on the surgeon and on its appreciation of the gravity of the glaucoma.
During their follow-up, 17/31 eyes (55%) received at least one surgical treatment, whereas only
glaucoma medications were prescribed for 14/31 eyes (45%) (Table 3).

The SG surgical procedures included trabeculectomy, Ahmed glaucoma drainage implant, and diode
laser (Table 4). Among the 17 SG eyes that required a surgical treatment, 9 (53%) had more than one
procedure and the average time between the diagnosis and the first surgical procedure was 1.0 year
(min 0-max 5.7 years). Glaucoma surgery was associated with the early onset of SG during the first
postoperative year (p = 0.007).

Among the 17 eyes requiring glaucoma surgery, 8 (47%) developed sight-threatening complications:
3 phtysis bulbi, 2 bullous kerathopathies, 2 retinal detachments and one IOL dislocation. One eye
developed a retinal detachment in the glaucoma medications group. The occurrence of sight-
threatening complications was significantly associated with a glaucoma surgery (p = 0.02), but not
with the early onset of SG (p = 0.3).

At the last visit, SG was considered as controlled if IOP was < 21mmHg, and represented 20/31 eyes
(65%) : 10/14 eyes (71%) in the medication group (all with still glaucoma medications) and 10/17
eyes (59%) in the surgery group (whose 5 eyes without any medication). The treatment escape was
no significantly associated with the surgical group (p = 0,7) neither with the early onset of SG (p =
0,2).

The average decrease |OP at the end of the follow-up in GS eyes was 8.5 mmHg (95% Cl [3.2-10.8]),

whereas the average optic nerve cupping increase was 0.15 (95% CI [0.05-0,2]).
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Final visual outcomes

Visual acuity (VA) data were collected from children older than 5 years old at the last visit (n = 130
eyes, 54 %).

There was no difference in terms of functional prognosis between uni and bilateral cataracts (median
VA 0.9 LogMAR, IQR 1.8 vs. 0.7 LogMAR, IQR 0.8, p = 0.68). There was no difference in the median VA
in children operated on in their first 3 months of life versus the others (p = 0.06). However, there was
some suggestions of effect modification by cataract laterality. For the bilateral cataracts subgroup,
there was a trendency towards worsening vision in children operated before 3 months of age
(median VA 0.6 vs. 0.4 LogMAR, p = 0.03), but not for the unilateral cataracts subgroup (p = 0.7).
Median VA of eyes with SG was 1.0 LogMAR (IQR 1.45), and 0.3 LogMAR (IQR 0.6) in those without.
Glaucoma was associated with worsening vision in the affected eye (p = 0.001) (Figure 3). The same
significant association was observed when uni and bilateral cataracts were taken into consideration
separately (Figure 4). The visual outcomes were not different between the two groups of treatment
(p =0.08) (Table 3).

The final rate of severe visual impairment was two times greater in glaucomatous eyes than in eyes

without SG (Figure 5).
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4. Discussion

Although recent advances in congenital cataract surgery techniques and materials have brought
better visual outcomes, the occurrence of a secondary glaucoma (28,29) remains a severe

complication (2).

Age at surgery is increasingly recognized as a major risk factor in the occurrence of SG. We focused
our study on early cataract surgery in the first year of life, associated with the highest risk of SG
(25,30,31). In our cohort, the incidence of SG was comparable to other studies involving a similar
paediatric population. Especially, the Infant Aphakia Treatment Study (IATS) (25), with a prospective
design, has recently describe 17% of SG after 4.5 years of follow-up, in a 113 children cohort
operated before the age of 1 year. Comer et al. (32) reported 24% of SG (18/75 eyes) with a mean
follow-up of 6.5 years whereas Ruddle et al. (33) found a most important risk of 33% (48/147 eyes)
with a longer median follow-up of 10 years. Finally, a recent meta-analysis reported SG in 80/470

eyes (17%) after an early congenital cataract surgery, with median onset 4.3 years after surgery (26).

As suspected in Ruddle, Lambert and Solebo’s studies (10,33,34), we found that the long-term risk of
SG follows a linear increase since the cataract surgery. However, there seems to be a higher
incidence of SG during the first postoperative year (18,34). We think that our own incidence of SG is
likely to increase substantially over the years of follow-up, while some authors suggest that most SG

manifest in the first few postoperative years (35,36).

The diagnosis of SG in children remains complex, because of the lack of consensual criteria in the
different studies. Even though most of authors consider an IOP suspect if > 21mmHg, we suggest that
2 parameters must be taken into account. First, the normal IOP in both infants and children is lower
than in adults and this difference must be considered. Second, the measure of I0P in children

requires an examination under general anaesthesia with an applanation tonometer to be reliable,
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and anaesthetic gas (sevoflurane) underestimate the IOP of 30% (37,38). In our practice, an IOP >
15mmHg under general anaesthesia must be considered as suspect in children.

As we know, the pachymetry modifies the interpretation of the IOP measured. Indeed, the central
corneal thickness (CCT) is reported as being thicker after congenital cataract surgery, for
aphakic and pseudophakic eyes (39—41). Lim et al.(39) reported a 30um increasing of mean CCT value
after congenital cataract surgery with a significantly higher increasing for SG eyes group (+ 59um).
The IATS (42) recently reported a significantly lower endothelial cells density for SG eyes than those
without glaucoma (3289 vs. 3783 cells/mm2), but no difference in mean CCT value (623 vs. 612um).
Because of the difficulties to appreciate IOP for eyes with high CCT value, it might appear that
glaucoma may be suspected for all patients with postoperative important CCT increase.

Repeated ophthalmologic examinations under general anaesthesia are relevant in children as soon as
glaucoma is suspected, to evaluate all the eye parameters (43): IOP, pachymetry, cup/optic ratio,
gonioscopy, axial length, corneal diameter and myopic shift by refraction. In practice, the diagnosis is

based on a panel of arguments and on the progression of all these parameters.

Among presumed risk factors previously evaluated for the occurrence of SG after congenital cataract
surgery, a young age at surgery has been frequently identified (4,5,30,44). Our practice is based on
previous studies suggesting an increased risk of glaucoma for surgery performed in the first 4 weeks
of life (3—5,45,46). For this reason, no child has been operated before this age in our study. However,
we also noted that young age at surgery (30-90 days) were associated with a higher risk for
developing a SG than those operated after 3 months of age. Furthermore, Ruddle et al. (33) reported
an approximate 20% reduction of the risk of SG with each month that surgery can be differed.

We also report a significant influence of microphthalmia on SG occurrence. An hypothesis would be
that microphthalmic eyes are precociously diagnosed and operated, therefore subject to SG (47,48).
Moreover, we suggest that microphthalmic eyes have narrow angles probably associated with

malformations of the trabecular meshwork and ciliary body.
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In addition, the risk of SG was increased for bilateral cataracts according to Ruddle or Rabiah’s
studies (33,49), whereas Swamy et al. (21) found a similar risk for uni and bilateral cataract. This
observation could be explained by the younger age at surgery for bilateral than unilateral cataracts,
the fewer microphthamic eyes in bilateral cataracts (23% vs. 40% in unilateral), the exclusion of
severe unilateral PVF (46), and a possible higher degrees of anterior segment dysgenesis involving
the trabecular meshwork in bilateral cataracts.

Anterior PVF, sulcus placement of the IOL, and surgery complications were not criteria associated
with SG occurrence whereas postoperative complications and use of blue colorant where only

significant in univariate analysis.

The pathophysiology of SG is not clearly understood (50). The age at surgery, as an important risk
factor, could be explained by the stress of surgery interfering with the maturation of trabecular
meshwork. In addition, a chronic trabeculitis due to increased postoperative inflammation in
children could reduce the trabecular filtration. Increased outflow resistance due to lens remnants in
paediatric cataracts or toxic substances from the vitreous (35,46) could also be involved. Michaelides
et al. (20) suggest that an intact posterior capsule may be associated with a lower rate of SG. Michael
et al.(19) note that the changes observed in the trabecular meshwork after exposure to child lens
epithelial cells are similar to pathological changes in the primary open-angle glaucoma. Besides, we
suggest that eyes with congenital cataracts and microphthalmia presents others infra clinical anterior

segment dysgenesis like trabeculum dysgenesis, according to Bayoumi et al. (43).

Actually, the role of primary implantation is discussed in the occurrence of SG. Several studies
demonstrated a reduced incidence of SG in pseudophakic versus aphakic eyes (26,35,22,51,23).
However, there is a limitation in the analysis of these results because IOL implantations were

performed on older children, without microphthalmia and dysgenesis. Others studies (25,30,52),
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according to randomised IATS results, failed to demonstrate the potential protective effect of IOL
implantation.

Even if IOL implantation effect on SG is not clearly demonstrated, it presents the advantage to
dispense with aphakic rigid contact lenses (25,53,55) and could improved visual outcomes in bilateral
cataracts (10, 54).

Several authors (10,46,56) noted that IOL implantation increased the risk of postoperative
complications requiring reintervention. Nevertheless, considering all surgical revisions (glaucoma,
visual axis opacification, IOL exchange or explantation, secondary IOL implantation and strabismus),

Tadros (57) reported that reoperations were common in both primary IOL and secondary IOL groups.

The therapeutic management of SG associates medical and surgical treatments. In our cohort,
surgery was performed for 57% of glaucoma eyes, with a close proportion to these reported on the
IATS (46%) (25). However, we noted a relatively poor success rate for the initial glaucoma surgical
procedure, with only 7/17 (41%) eyes having only one procedure, and 8/17 (48%) developed sight-
threatening complications. It is hypothesized that the surgical failure was related to the important
postoperative inflammation particularly in young children. Other studies described a decline of
benefits of surgery over time, requiring additional glaucoma procedures (43,58). Using initial
combined angle and filtering surgery (trabeculotomy-trabectulectomy), Bayoumi (43) reported that
an only one surgery was necessary in almost 75% of SG eyes, with only 3/41 serious complications.
Bothum (58) proposed the angle surgeries as a safe and successful alternative for glaucoma surgery.
In this study reporting 14 angle surgeries (goniotomy or trabeculotomy alone), the procedure was
successful in 57% of eyes. In addition, the non-penetrating deep sclerectomy has emerged as a

efficient surgical option (59), as well as endolaser cyclophotocoagulation (60).

35



Analysis of visual acuity in children may be limited by several factors, especially the observance of
amblyopia therapy. Only VA of children older than 5 years old was analysed in order to provide
objective functional results. We found a significantly lower VA for SG eyes than for those without
glaucoma. This difference doesn’t exist in Ruddle’s study and in the IATS (25,33). Furthermore, all this
studies reported a poor visual prognosis in SG eyes with a median VA of 0.7 LogMAR for Ruddle, 1.1
LogMAR in the IATS and 1.0 LogMAR in our study.

In our study, surgery performed before the age of 3 months was associated with a worse VA in
bilateral cataracts whereas there was no difference in the unilateral group. The IATS (25) found a
positive correlation between visual acuity at 4.5 years old and age at surgery performed before 7
weeks.

For dense congenital cataracts, we suggest to perform surgery during the critical period of visual
development to minimize the visual deprivation. However, we discuss to differ the surgery, especially

for bilateral cataracts whose the lens opacification is not total in order to decrease the SG risk.

In our study, secondary glaucoma was developed in 31/241 eyes (13%), with a median follow-up of 5
years. Patients with short follow-up were not excluded, and were considered as not developing SG,
induced a potential underestimation bias. Moreover, some ocular hypertension cases may have been
included due to the selection criteria considering only IOP for glaucoma diagnosis (61,62).

The strong points of this study is the large population analysed with primary IOL implantation before

the age of 1 year and the patient follow-up in a national reference centre.
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5. Conclusion

Secondary glaucoma is a sight-threatening complication of the congenital cataract surgery whose the
occurrence can occur at any time of evolution, describing a linear relationship.

The SG diagnosis is difficult and remains a challenge for clinicians. Better understanding and
identification of risk factors associated with SG could be very helpful for the early screening of this
disease. Thus, an extended follow-up after surgery is of major importance.

A significant proportion of children require a surgical treatment to control IOP and the functional
prognosis remains uncertain.

In future, prospective studies should be performed to determine the better age of surgery in order to

optimize the visual outcomes and minimize the visual deprivation and the occurrence of SG.
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7. Tables and figures

Table 1: Comparison between secondary glaucoma (SG) of bilateral and unilateral groups (Exact

Wilcoxon Rank Sum Test) (n = 31 eyes)

Variable All SG SG of bilateral cataract SG of unilateral cataract p-value
Number of eyes (%) 31 (12.9) 27 (18.2) 4 (4.3) 0.001
Number of children (%) 23 (13.7) 19 (25.7) 4 (4.3) <0.0001
Median age at surgery 2.8 3.2 (3.6; 1.3-10.5) 2.1(1.4;1.6-5.1) 0.37
(months) (IQR; range)

Median follow-up 8.2 8.7 (4.4;0.7-12.4) 7.2 (3.5; 1.3-10.5) 0.44
(years) (IQR; range)

Median delay onset of 3.0 3.0(7.1;0.2-11.7) 2.7 (5.2; 0.2-6.0) 0.54

SG (years) (IQR; range)

IQR: interquartile interval; range: minimum-maximum

Table 2: Univariate analysis (Cox Regression) of association between variables of interest and

occurrence of secondary glaucoma (SG) (n = 241 eyes)

Variable p-value HR (95% Cl)
Axial length < 16.5 mm 0,04 2.4 (1.0-5.5)
Surgery before 3 months of age 0.01 2.5(1.2-5.3)
Microphthalmia 0.0003 3.6 (1.7-7.6)
Bilateral cataract 0.008 3.8 (1.3-1.0)
Use of Blue dye 0.01 4.4 (1.7-11.8)
Additional surgery for postoperative complication 0.009 5.5(1.3-23.0)
Familial history of SG < 0.0001 8.4 (3.2-22.0)
e e oaps1y
IOL sulcus implantation 0.3 0.6 (0.3-1.4)
Surgical complications 0.5 0.6 (0.1-2.6)

HR: hazard ratio; Cl: confidence interval; PFV: persistence of foetal vasculature; IOL: intraocular lens
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Table 3: Treatment of glaucomatous eyes, comparison between 2 groups: surgical treatment and
glaucoma medications (Exact Wilcoxon Rank Sum Test and Fisher exact test) (n = 31 eyes)

SG eyes Medications Surgery p-value
N eyes (%) 31 (100%) 14 (45%) 17 (55%) -

- Early SG < 1 year 11 (35%) 1(7%) 10 (59%) 0.007
Time between cataract surgery and SG in years 3.7 (£3.4) 4.3 (3.4) 2.9 (+2.8) 0.3
(mean £ 5D)

N sight-threatening complications (%) 9 (29%) 1(7%) 8 (47%) 0.02
N controlled SG 20 (65%) 10 (71%) 10 (59%) 0.7

- With glaucoma medications 15 (75%) 10 (100%) 5(50%) 0,03

Final VA in log MAR (Mean + SD) 1.1(+1.0) 1.1 (£0.9) 1.3(£0.9) 04

SD: standard deviation

Table 4: Descriptive data in the surgical group (n =17 eyes)

Surgery group

N eyes (%) 17
- Surgery first 6 (35%)
- >1surgery 9 (53%)
- > 2surgeries 6 (35%)
Time between 5G diagnosis and first surgery in years (mean £ SD) 1.0(1.6)

First surgical procedure (%)

- Trabeculectomy 10 (59%)

- Ahmed drainage implant 2 (12%)

- Diode laser 5 (29%)
Second or third surgical procedure (%)

- Trabeculectomy or needling 2 (6%)

- Ahmed drainage implant or valve revision 7 (23%)

- Diode laser 22 (71%)

SD: standard deviation
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Figure 1: Kaplan-Meir curve showing the survival of eyes (%, n = 241 eyes) without secondary
glaucoma over time (years). The graph is truncated at a follow-up of 10 years.
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Figure 2: Estimated linear incidence rate of secondary glaucoma: 2.6 new cases/100 eyes/year. .
Overall cumulative incidence was 26.4% for eyes, with median follow-up of 10 years.
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Figure 3: Boxplot of final visual acuity (VA) of cataract surgery in the first year of life according to the
occurrence of secondary glaucoma or not. VA data were collected from children older than 5 years
old at the last visit (n = 130 eyes, 54%). Glaucoma was associated with worse vision in the affected
eye (p = 0.001). Horizontal bars refer to median and corresponding interquartile range. A colour
point notes means. (Exact Wilcoxon Rank Sum Test)
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Figure 4: Boxplot of final visual acuity of eyes with and without secondary glaucoma. Glaucoma was
associated with worse vision both in uni and bilateral cataracts (respectively p = 0.04 and p = 0.01).
Horizontal bars refer to median and corresponding interquartile range. A colour point notes means.
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Figure 5: Final visual outcomes after congenital cataract surgery: comparison between eyes with and
without secondary glaucoma, using the World Health Organization scale for visual impairment. (n =
28 SG eyes and n = 102 eyes without SG)
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Résumé de la theése

Introduction : Les cataractes congénitales obturantes sont fortement amblyogénes et
nécessitent une intervention rapide. L'implantation primaire est de plus en plus systématique. Le
glaucome secondaire est une complication sévére pouvant compromettre la fonction visuelle. Il
s’agit d’'un diagnoctic difficile, sans définition consensuelle chez I'enfant. Le but de cette étude
était de déterminer le risque de survenue d'un glaucome apres chirurgie de cataracte
congénitale et de préciser le devenir de ces yeux glaucomateux.

Matériels et Méthodes : Etude rétrospective de tous les yeux opérés avant I'dge d’'un an de
cataracte congénitale uni ou bilatérale avec implantation primaire entre janvier 2003 et
décembre 2012 a la Fondation Rothschild (Paris). Le critére de jugement principal pour le
diagnostic de glaucome secondaire était I'instauration d’un traitement médical hypotonisant au
long cours ou la réalisation d’une chirurgie anti-glaucomateuse en post-opératoire.

Résultats : Un total de 241 yeux de 167 patients ont été opérés pendant cette période. Le suivi
médian était de 4,2ans. 31 yeux (12,9%) de 23 patients ont développé un glaucome avec un
risque de survenue linéaire dans le temps. Le délai d’apparition médian était de 3 ans. L'age a la
chirurgie et la microphtalmie étaient des facteurs de risque significativement associés a la
survenue de cette complication. Au cours du suivi, 17/31 yeux ont nécessité au moins une
intervention chirurgicale. Lors du dernier contrdle, la pression était controlée dans 20/31 yeux.
L’acuité visuelle était significativement plus faible dans le groupe des yeux glaucomateux, en
moyenne de 20/300 vs 20/80.

Discussion : La prévalence du glaucome du pseudophaque retrouvée dans notre étude est
comparable aux autres études de la littérature. L'implantation n’a pas d’influence sur
I'apparition de cette complication. Il s’agit d’'une pathologie sévére présentant des similarités
avec le glaucome congénital, notamment compte tenu des difficultés thérapeutiques et de la
fréquence d’un recours chirurgical.

Conclusion : La prise en charge thérapeutique des cataractes congénitales obturantes nécessite
une optimisation du délai chirurgical. La chirurgie précoce, pertinente en terme de pronostic
fonctionnel, expose a un risque accru de glaucome secondaire et exige une surveillance a long
terme de la pression oculaire.

Titre en anglais : Glaucoma after early congenital cataract surgery and primary implantation:
A retrospective study of 167 children
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