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Visual outcomes and complications of congenital cataract surgery 1 Résultats fonctionnels et complications dans une série de cataractes congénitales
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Purpose. -To describe the visual results and postoperative complications of congenital cataract surgeries performed between 2005 and 2016.

Methods. -A retrospective consecutive case series of congenital cataract surgeries was carried out at the Dijon University Hospital in France. Intraocular lens implantation was primary or secondary according to age. Pre-and post-operative assessment was performed through ophthalmologic consultations with orthoptic measurements. Visual function and adverse events were recorded.

Results. -Fifty-six consecutive procedures were evaluated in 37 infants. Overall, 26.8% of patients had unilateral cataracts, and 73.2% had bilateral cataracts. Median age at surgery was 1.0 years [IQR (interquartile range): 0.3-5.2] and 2.7 years [IQR: 0.4-9.5] for unilateral and bilateral cataracts, respectively. Median best-corrected visual acuity (BCVA) at the last follow-up was 0.5 logMAR [IQR: 0.2-0.8] and 0.1 logMAR [IQR: 0.0-0.8] for the unilateral and bilateral group, respectively. Posterior capsule opacification (PCO) was the primary postoperative complication: 60.0% in unilateral cataract and 46.3% in bilateral cataracts (P = 0.019). Median follow-up was 2.0 years [IQR: 1.0-5.0].

Conclusion.

-Congenital cataract surgery appears to be safe and effective when combined with early, conscientious amblyopia treatment. Bilateral congenital cataracts had better visual outcome than unilateral cataract.

Introduction

Congenital cataract is one of the main causes of preventable childhood blindness. In France, the incidence of congenital cataract is estimated at 1-3/10000 births [START_REF] Daien | Incidence and Characteristics of Congenital Cataract Surgery in France from 2010 to 2012: The EPISAFE Program[END_REF]. In the developed world, the etiological distribution of congenital cataract has changed over time, mainly because of the introduction of a rubella vaccination program. In more recent studies, the percentage of cases of unknown origin is generally reported to be at least 50.0%. The percentage of genetically based cataracts varies from 27.0% to 39.0%, the majority of these being hereditary [START_REF] Wirth | Aetiology of congenital and paediatric cataract in an Australian population[END_REF][START_REF] Rahi | Congenital and infantile cataract in the United Kingdom: underlying or associated factors. British Congenital Cataract Interest Group[END_REF][START_REF] Fakhoury | Epidemiologic and etiological characteristics of congenital cataract: study of 59 cases over 10 years][END_REF].

Great advances have been made in the management of paediatric cataracts over the last several decades. These surgical improvements have contributed to a decrease in the incidence of postoperative complications such as posterior capsule opacification (PCO), postoperative inflammation and glaucoma [START_REF] Hutcheson | Application of new ophthalmic technology in the pediatric patient[END_REF][START_REF] Nihalani | Technological advances in pediatric cataract surgery[END_REF]. In the most recent studies, visual improvements were better in bilateral cataracts with best-corrected visual acuity (BCVA) between 0.40 to 0.50 logMAR than unilateral cataracts with BCVA between 0.91 to 1.00 logMAR [START_REF] Borisovsky | Results of congenital cataract surgery with and without intraocular lens implantation in infants and children[END_REF][START_REF] Lu | Visual results and complications of primary intraocular lens implantation in infants aged 6 to 12 months[END_REF][START_REF] Vera | Visual outcomes and complications of cataract surgery with primary implantation in infants[END_REF]. To date, early cataract removal and replacement with an intraocular lens (IOL) is considered the most appropriate treatment to avoid irreversible amblyopia [START_REF] Wilson | Pediatric cataract surgery and intraocular lens implantation: practice styles and preferences of the 2001 ASCRS and AAPOS memberships[END_REF].

Amblyopia treatment is of paramount importance. Indeed, patient compliance for patching therapy is a key factor for good visual outcome. The indication and selection of IOL continues to be a controversial subject. Recent reports by the Infant Aphakia Treatment Study (IATS) group showed no significant difference between the median BCVA of operated eyes in children who underwent primary IOL implantation and those left aphakic [START_REF] Plager | Complications in the first 5 years following cataract surgery in infants with and without intraocular lens implantation in the Infant Aphakia Treatment Study[END_REF]. However, there was a lower rate of adverse events and additional intraoperative procedures in the contact lens group (contact lens, 56.0% vs IOL, 81.0%; P = 0.020) [START_REF] Plager | Complications in the first 5 years following cataract surgery in infants with and without intraocular lens implantation in the Infant Aphakia Treatment Study[END_REF].

In the present study, we report on the visual results and postoperative complications of congenital cataract surgeries performed between 2005 and 2016 in Dijon University Hospital.

Materials and methods

The medical records of children who underwent congenital cataract surgery operated between July 2005 and December 2016 at the Dijon University Hospital were retrospectively reviewed. Demographic parameters and clinical characteristics were as follow: diagnosis, type of cataract, pre-and postoperative BCVA, intraocular pressure (IOP), type of surgery, type and power of the implanted IOL, pre-and postoperative complications. Traumatic cataracts were excluded.

Surgical procedure

Visual acuity measurements, fundus examination, retinoscopy, keratometry and axial length measurement by immersion A-scan were performed pre-operatively, and, when the retina was not visible, B-scan ultrasound was used. IOL power was calculated with the Sanders-Retzlaff-Kraff II formula. The target postoperative refraction was based on the age and the biometry of patient. We planned initial undercorrection as recommended by Sachdeva et al [START_REF] Sachdeva | Validation of Guidelines for Undercorrection of Intraocular Lens Power in Children[END_REF]. They suggested a postoperative refractive goal from +6 diopters (D) for a 1 year-old to -1 to -2 D for patients >8 years of age (rule of seven).

The surgeries were all performed under general anaesthesia and by the same surgeon (AMB). First, infants under anaesthesia were examined for assessment of corneal diameter, axial length, biomicroscopy, aplanation tonometry, keratometry and cyclopegic refraction. Surgery consisted of 2 millimeters corneal micro-incisions, anterior capsulorhexis and phacoaspiration. Implantation was primary or secondary according to age. A foldable hydrophobic acrylic IOL was implanted. Posterior capsulotomy and anterior vitrectomy were performed at the discretion of the surgeon. Patients with bilateral cataracts generally had bilateral surgery during the same procedure. Postoperatively, all patients received topical corticosteroids and antibiotics.

During follow-up, if children presented PCO, they underwent either surgical membranectomy or YAG laser depending on age and patient cooperation.

Amblyopia Treatment

After surgery, amblyopia treatment was started as soon as possible in order to achieve a satisfactory visual outcome. Amblyopia treatment began immediately after surgery. It consisted of refractive correction under cycloplegia with timely updates and patching duration. The occlusion began with 1 hour per month of age per day for up to 100% of waking hours. Amblyopia treatment was continued for several years according visual recovery and, when appropriate, patching duration was reduced slowly with regular monitoring.

Functional Outcomes

BCVA was tested on a logarithm progression chart adapted to age (for children of at least 2 years old) and was converted to the logarithm of the minimum angle resolution (logMAR) for statistical purposes. BCVA was evaluated both at 4 weeks and at the end of the follow-up.

Final BCVA of ≤ 0.1 logMAR was considered a very good visual outcome, logMAR between 0.1 and 0.5 was considered good visual acuity and poor visual acuity was defined as BCVA > 0.5 logMAR. Adverse events such as uveitis, glaucoma or PCO were recorded during follow-up visits.

Refractive Error

The value of refraction at 3 months postoperatively were considered for analysis. The spherical equivalent (SE) of the residual refractive error was calculated in the following manner: spherical equivalent (D) = sphere power (D) -cylinder power (D).

Statistical analysis

All analysis were performed using SAS software (version, SAS Institute, Inc., NC, USA).

Descriptive statistics are given as medians (with interquartile range) because the distribution of continuous variables was not normal according to the Shapiro-Wilk test. Numbers (with percentages) are given for categorical variables. The Wilcoxon test was used to compare the longitudinal change of visual acuity. The Mann-Whitney test was used to compare continuous variables between groups. The chi-square test or the Fisher exact test were used to compare categorial variables between groups. The tests were two-tailed and P-values of less than 0.05 were considered statistically significant.

Results

Baseline Characteristics

Fifty-six congenital cataracts were operated in 37 children between 2005 and 2016. Patient characteristics are summarized in Table 1. Median follow-up was 2.0 years [IQR: 1.0-5.0]. There were no differences in the age at diagnosis or the gender between the unilateral and bilateral groups. The main symptom which led to diagnosis in the two groups was leukocoria (39.9%). Unilateral cataracts presented significantly more ocular abnormalities coexisting than bilateral cataracts (P = 0.046). The most commons were microphthalmos (n = 6) and persistent foetal vasculature (PFV) (n = 3).

Surgical Procedure

Details of surgery are displayed in Table 2. Median period between diagnosis and surgery in the bilateral group was 0. Germany)). The surgical procedure was statistically different in the two groups with more posterior capsulorhexis and anterior vitrectomy in the unilateral group (P < 0.001 and P < 0.001, respectively). We did not have peroperative posterior capsule rupture in this series

Refractive Error

The median SE at 3 months postoperatively were +0. 

Visual Outcomes

The results are displayed in Table 3. In the bilateral cataract group, 53.3% reached a final BCVA ≤ 0.1 logMAR versus 20.0% of those in the unilateral cataract group. There was not any statistical difference between the unilateral and bilateral groups for BCVA > 0.5 which was defined as poor visual acuity (Figure ).

Pseudophakia or aphakia were corrected with different types of optical correction including unifocal, bifocal or progressive spectacles and contact lenses. The optical correction was statistically different for the two groups (P = 0.013). There was statistically more postoperative amblyopia treatment in the unilateral group than in the bilateral group (73.3% versus 29.2%, P = 0.014).

Adverse Events

Adverse events are summarized in Table 4. During follow-up, PCO was the most common complication in both groups (50.0% of all eyes). PCO was statistically more frequent in unilateral than bilateral cataracts (60.0% versus 46.3%, P = 0.019).

Discussion

We report on a retrospective case series of congenital cataracts managed in an University Center where paediatrics is not the first subspecialty. In our analysis, median postoperative BCVA was higher in the bilateral cataract group than in the unilateral cataract group, 0.1 logMAR [IQR: 0.0-0.8] vs 0.5 logMAR [IQR: 0.2-0.8], respectively. This is in agreement with other studies [START_REF] Borisovsky | Results of congenital cataract surgery with and without intraocular lens implantation in infants and children[END_REF][START_REF] Lu | Visual results and complications of primary intraocular lens implantation in infants aged 6 to 12 months[END_REF][START_REF] Vera | Visual outcomes and complications of cataract surgery with primary implantation in infants[END_REF]. In a previous French study, Vera et al. reported a median BCVA of 1.00 logMAR in the case of unilateral surgery and 0.40 logMAR in the case of bilateral surgery at the last follow-up examination [START_REF] Vera | Visual outcomes and complications of cataract surgery with primary implantation in infants[END_REF]. Lu et al. obtained a mean BCVA of 0.98 ± 0.18, 0.50 ± 0.14 and 0.61 ± 0.25 logMAR for unilateral, bilateral and all eyes, respectively, at last follow-up [START_REF] Lu | Visual results and complications of primary intraocular lens implantation in infants aged 6 to 12 months[END_REF].

There are three possible reasons for better outcomes in bilateral than unilateral cataracts. First, amblyopia develops more quickly and with more intensity in unilateral cataract because of uneven visual deprivation. After surgery, there are more anisometropia, strabismus and nystagmus in unilateral cataract. Therefore patching therapy is longer and more challenging in unilateral cataract. Secondly, in our study, we found a difference of age at diagnosis and at surgery between the two groups. Children tended to be older in the bilateral group, and they had better visual results despite a relatively late extraction. Their cataracts allowed for a visual experience which diminished the cortical effect of visual deprivation. Thirdly, our unilateral cataract group had more eye disorders such as microphthalmia or PFV than the bilateral cataract group. Previous studies have showed that unilateral cataracts occurred more frequently in cases of PFV or anterior ocular disorders, while bilateral cataracts were usually associated with syndromes or systemic disorders [START_REF] Traboulsi | Associated systemic and ocular disorders in patients with congenital unilateral cataracts: the Infant Aphakia Treatment Study experience[END_REF][START_REF] Mullner-Eidenbock | Persistent fetal vasculature and minimal fetal vascular remnants: a frequent cause of unilateral congenital cataracts[END_REF][START_REF] Cassidy | Congenital cataract and multisystem disorders[END_REF]. Associated ocular abnormalities could thus be one of the reasons for the poorer outcomes in the unilateral cataract group.

The management of amblyopia has not been specifically studied in this work.

However, all children benefited from full refractive correction and occlusion with patching therapy after surgery. Occlusion is the oldest, simplest, and one of the most effective method to treat amblyopia [START_REF] Repka | A randomized trial of patching regimens for treatment of moderate amblyopia in children[END_REF]. The most recommendable occlusion consists to cover the fixing eye. Patching on lenses has the disadvantage of allowing vision from the side of the eyeglasses and the possibility for the child to take it off. Pharmacological [START_REF] Repka | Treatment of severe amblyopia with atropine: Results from 2 randomized clinical trials[END_REF] or optical penalization is another therapeutic possibility for amblyopia. More recent techniques such as perceptual learning or drug therapy (levodopa, citicoline, phenylethylamine) have been proposed.

Regarding IOL implantation, 73.2% of patients benefited from primary implantation. This is higher than the study of Repka et al. using the Pediatric Eye Disease Investigator Group (PEDIG) registry [START_REF] Repka | Cataract Surgery in Children from Birth to Less than 13 Years of Age: Baseline Characteristics of the Cohort[END_REF]. Among the 1266 eyes included in this study, 59.0% were implanted. There was a significant effect of age on the decision to implant an IOL, with 8.0% of eyes implanted before 1 year of age and 90.0% of eyes implanted after 2 years of age. At 3 months postoperatively, our refractive error was +0.4 D [IQR: -0.5; +1.5]. This target for IOL calculation was probably not enough hyperopic. Indeed, myopic shift that would be anticipated from earlier studies after cataract surgery would require higher hyperopic SE in the early postoperative follow-up [START_REF] Plager | Refractive change in pediatric pseudophakia: 6-year follow-up[END_REF].

PCO was the major adverse event in our study. It affected 50.0% of all eyes in our study which is higher than existing reports of children undergoing cataract surgery with implantation during infancy [START_REF] Borisovsky | Results of congenital cataract surgery with and without intraocular lens implantation in infants and children[END_REF][START_REF] Plager | Complications in the first 5 years following cataract surgery in infants with and without intraocular lens implantation in the Infant Aphakia Treatment Study[END_REF][START_REF] Cassidy | Congenital cataract and multisystem disorders[END_REF][START_REF] Repka | Cataract Surgery in Children from Birth to Less than 13 Years of Age: Baseline Characteristics of the Cohort[END_REF]. Borisovski et al. reported 16.0% occurrence of PCO [START_REF] Borisovsky | Results of congenital cataract surgery with and without intraocular lens implantation in infants and children[END_REF]. In the IATS series presented by Plager et al., PCO occurred in 4.0% of aphakic cases and 40.0% of pseudophakic cases [START_REF] Plager | Complications in the first 5 years following cataract surgery in infants with and without intraocular lens implantation in the Infant Aphakia Treatment Study[END_REF]. Firstly, among our patients, some children did not receive posterior capsulotomy and anterior vitrectomy during the first surgery whereas all children in the two studies mentioned above had posterior capsulotomy and anterior vitrectomy [START_REF] Plager | Complications in the first 5 years following cataract surgery in infants with and without intraocular lens implantation in the Infant Aphakia Treatment Study[END_REF][START_REF] Plager | Refractive change in pediatric pseudophakia: 6-year follow-up[END_REF]. This surgical procedure may prevent PCO [START_REF] Trivedi | Opacification of the visual axis after cataract surgery and single acrylic intraocular lens implantation in the first year of life[END_REF]. Vasavada et al. suggest posterior capsulorhexis with anterior vitrectomy as a strategy for posterior capsule management in children younger than 3 years. Posterior capsulorhexis without anterior vitrectomy may be considered in children between 3 years and 6 to 7 years. In older children, it is recommended to maintain an intact posterior capsule [START_REF] Vasavada | Posterior capsule management in congenital cataract surgery[END_REF]. In our study, there were more surgeries for PCO in the unilateral group and more laser procedures for PCO in the bilateral group. The infants in the unilateral group were younger making it more challenging to perform a laser procedure. Moreover, according to previous studies, patients 1 year-old or less had a more significant spread of lens epithelial cells across the visual axis after surgery [START_REF] Plager | Complications in the first 5 years following cataract surgery in infants with and without intraocular lens implantation in the Infant Aphakia Treatment Study[END_REF][START_REF] Tadros | Primary versus secondary IOL implantation following removal of infantile unilateral congenital cataract: outcomes after at least 5 years[END_REF].

In our series, two glaucoma post cataract surgeries occurred in the two eyes of a single patient whose bilateral cataracts were diagnosed at 1 month. This patient had surgery 7 weeks after birth without implantation of IOL and, to our knowledge, he did not have glaucoma before surgery. A number of reports have been published on the risk factors of glaucoma after congenital cataract surgery which include age at detection of cataract [START_REF] Chak | Incidence of and factors associated with glaucoma after surgery for congenital cataract: findings from the British Congenital Cataract Study[END_REF] or comorbidities such as microcornea or nanophthalmos [START_REF] Borisovsky | Results of congenital cataract surgery with and without intraocular lens implantation in infants and children[END_REF][START_REF] Vasavada | Posterior capsule management in congenital cataract surgery[END_REF]. On the other hand, this patient did not have primary IOL implantation. This has been shown to decrease the risk of glaucoma development postoperatively [START_REF] Chak | Incidence of and factors associated with glaucoma after surgery for congenital cataract: findings from the British Congenital Cataract Study[END_REF][START_REF] Freedman | Infant Aphakia Treatment Study G (2015) Glaucoma-Related Adverse Events in the First 5 Years After Unilateral Cataract Removal in the Infant Aphakia Treatment Study[END_REF][START_REF] Asrani | Does primary intraocular lens implantation prevent "aphakic" glaucoma in children?[END_REF][START_REF] Astle | Surgical outcomes of primary foldable intraocular lens implantation in children: understanding posterior opacification and the absence of glaucoma[END_REF]. Surgical treatment of glaucoma was not required in our case.

Optical correction was statistically different in the two groups (P = 0.013). In This study has several limitations. Firstly, the average follow-up period was 2 years, and many young infants were not eligible for visual acuity testing. Secondly, the characteristics of patients in each group varied including: age at baseline, age at surgery and BCVA before treatment. Third, our case series was small.

To conclude, patients with bilateral cataracts had better postoperative BCVA than those with unilateral cataracts. The age at diagnosis and surgical treatment appear to be a major criterion for good BCVA. Amblyopia treatment is the hallmark for a successful outcome. 

  4 years [IQR: 0.1-1.4]. In the unilateral group, children benefited from surgery more quickly than the bilateral group with a median period between diagnosis and surgery of 0.1 year [IQR: 0.1-0.4]. When IOL implantation was performed, the median IOL power was 25.0 D [IQR: 20.5-28.0] in the bilateral group and 28.0 D [IQR: 24.0-30.0] in the unilateral group. There were 35 unifocal IOL (AcrySof MA50BM (Alcon Inc., TX, USA) or CT LUCIA (Carl Zeiss Meditec AG, Jena, Germany)), 6 toric IOL (AT TORBI (Carl Zeiss Meditec AG, Jena, Germany)) and 7 multifocal IOL (AT LISA (Carl Zeiss Meditec AG, Jena,

  4 D [IQR: -0.1; +2.0] and +0.3 D [IQR: -2.8; +1.1] in unilateral and bilateral cataracts, respectively.

  unilateral cataract, bifocal then unifocal lenses were most common. Progressive lenses were more frequent in patients with bilateral cataracts because of the older age in this group at follow-up. Péchereau et al. suggest unifocal lenses before 12 months, bifocal lenses after 12 months and progressive lenses after 4-6 years [27].

Table 1

 1 Baseline characteristics of the study population. Categorical variables are expressed as number (%) Continuous variables are expressed as median [IQR (interquartile range)] P value reaching statistical significance are in bold

	Main characteristics	Unilateral cataract Bilateral cataract P value
	Number of eyes (n = 56)	15 (26.8)	41 (73.2)	
	Gender (female)	10 (66.7)	24 (58.5)	0.178
	Age at diagnosis (years)	0.7 [0.1-2.4]	0.5 [0.3-5.8]	0.421
	During of follow-up (years)	2.0 [1.0-5.0]	1.0 [1.0-3.0]	0.053
	Ocular disorders	6 (40.0)	8 (19.5)	0.042
	Microphthalmia	6 (40.0)	8 (19.5)	
	Persistent foetal vasculature	3 (20.0)	1 (2.4)	
	Strabismus			
	Esotropia	4 (26.6)	10 (24.4)	0,354
	Exotropia	3 (20.0)	11 (26.8)	0,276
	Nystagmus	2 (13.3)	20 (48.8)	0,167

Table 4

 4 Postoperative complications after surgeries for congenital cataract (n = 56). Categorical variables are expressed as number (%) Continuous variables are expressed as median [IQR (interquartile range)] P value reaching statistical significance are in bold

		Unilateral cataract Bilateral cataract P value
	Posterior capsule opacification	9 (60.0)	19 (46.3)	0.019
	Laser	1 (6.7)	3 (7.3)	< 0.001
	Surgical treatment	5 (33.3)	11 (26.8)	< 0.001
	Uveitis	0	3 (7.3)	
	Glaucoma	0	2 (4.9)	
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