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TITRE : Traitements périopératoires et complications de la chirurgie de la cataracte : L'étude
ICCARE.

RESUME

Introduction : La cataracte, principale cause de cécité réversible dans le monde, reléve d’un
traitement exclusivement chirurgical. Bien que rares, les complications postopératoires peuvent
grever le pronostic. Cette étude visait a décrire les délivrances péri-opératoires en France,
estimer les incidences d'cedéme maculaire cystoide (OMC) et d'endophtalmie non traumatique

(ENT) postopératoires et d’en identifier les facteurs de risque.

Matériel et méthodes : Les sujets >18 ans avec premiére chirurgie de cataracte en 2019 étaient
inclus via le Systéme National des Données de Santé (SNDS). L’ENT était identifiée par deux
codes CIM-10 dans les 42 jours post-opératoires et I’OMC par délivrance d'acétazolamide dans
les 4 a 12 semaines, traitement de référence dans cette indication. Les variables étudiées
comprenaient : délivrances péri-opératoires, donnéees sociodemographiques, comorbidités. Les

facteurs associés a 'OMC/ENT étaient identifiés par régressions logistiques.

Résultats : Etaient inclus 572211 patients (854654 interventions) d’age moyen 73,149,4 ans,
dont 57,2% de femmes. Etaient retrouvés : 22,9% hypertonie oculaire/glaucome, 19,8% diabéte
et 4,1% score de Charlson >3. La quasi-totalité des patients (98,6%) avaient un traitement péri-
opératoire sous forme de collyres : antibiotiques 97,8%, anti-inflammatoires stéroidiens 97,0%,
anti-inflammatoires non stéroidiens locaux 90,2%, agents mouillants 62,8% et antiseptiques
17,3%. L’incidence d’ENT était évaluée a 0,07% (402 cas) et de ’OMC a 0,9% (5140 cas).
Apres ajustement, les facteurs associés a ’ENT étaient le sexe masculin, un age jeune et un
score de Charlson élevé, sans effet protecteur significatif de 1’antibiothérapie locale. Les
facteurs associés a ’OMC étaient le sexe masculin, I'utilisation de prostaglandines en collyre,
un score de Charlson bas, sans effet protecteur significatif des antiinflammatoires steroidiens

et non stéroidiens.

Conclusion : Cette étude en vie réelle permet d’affirmer que la chirurgie de la cataracte en
France est quasi-systématiquement associée a un traitement péri-opératoire. Les incidences des
complications post-opératoires identifiées via le SNDS étaient similaires a la littérature.
Cependant, 1’absence d’effet significatif protecteur des différentes classes thérapeutiques sur

les complications postopératoires souleve la question de la pertinence des pratiques.

Mots-clés : Cataracte ; Endophtalmie ; (Edéme maculaire cystoide ; Epidémiologie



TITLE: Perioperative treatments and complications of cataract surgery: The ICCARE study.
ABSTRACT

Introduction: Cataract is the leading cause of reversible blindness in the world and is treated
exclusively by surgery. Rare postoperative complications can affect prognosis. The aim of this
study was to describe perioperative deliveries in France, to estimate the incidence of
postoperative non-traumatic endophthalmitis (NTE) and cystoid macular edema (CME) and to
identify the risk factors.

Material and methods: Subjects >18 years of age with first cataract surgery in 2019 were
included via the Systeme National des Données de Santé (SNDS), the French national health
database. NTE was identified by two ICD-10 codes within 42 postoperative days and CME by
delivery of acetazolamide within 4 to 12 weeks, the reference treatment in this indication. The
variables studied included: perioperative eye drop deliveries, sociodemographic data

comorbidities. Factors associated with NTE/ CME were identified by logistic regression.

Results: The study included 572,211 patients (854,654 procedures) with a mean age of
73.1+9.4 years, 57.2% of whom were women. The following conditions were identified: 22.9%
ocular hypertonia/glaucoma, 19.8% diabetes and 4.1% Charlson score >3. The vast majority of
patients (98.6%) had at least one topical treatment: antibiotics 97.8%, steroidal anti-
inflammatory drugs 97.0%, local non-steroidal anti-inflammatory drugs 90.2%, wetting agents
62.8% and antiseptics 17.3%. The incidence of NTE was evaluated at 0.07% (n=402) and CME
at 0.9% (n=5,140). After adjustment, the factors associated with NTE were male sex, younger
age and a higher Charlson score, with no significant protective effect of local antibiotic therapy.
The factors associated with CME were male sex, use of prostaglandin eye drops and a lower
Charlson score, with no significant protective effect of steroidal and non-steroidal anti-

inflammatory drugs.

Conclusion: This real-life study confirmed that cataract surgery in France is almost always
associated with perioperative treatment. The incidences of postoperative complications
identified via the SNDS were similar to those reported in the literature. However, the absence
of any significant protective effect of the different therapeutic classes on postoperative

complications raises the question of the relevance of current practices.

Keywords: Cataract; Endophthalmitis; Cystoid macular edema; Epidemiology
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Résumé substantiel en francais

Introduction

La cataracte est la principale cause de cécité réversible dans le monde et son traitement repose
exclusivement sur la chirurgie. Bien que les complications postopératoires soient rares, elles peuvent
altérer le pronostic visuel. Cette étude a pour objectif de décrire les prescriptions péri-opératoires en
France, d’estimer l’incidence des complications postopératoires, a savoir 1’endophtalmie non
traumatique (ENT) et I’cedéme maculaire cystoide (OMC), et d’en identifier les facteurs de risque.

Matériel et méthodes

Les patients 4gés de 18 ans ou plus ayant subi une premiere chirurgie de la cataracte en 2019 ont été
inclus grace aux données du Systéme National des Données de Santé (SNDS). L’ENT a été identifiée
par la présence de deux codes CIM-10 dans les 42 jours suivant 1’opération, tandis que I’OMC a été
détecté via la délivrance d’acétazolamide entre 4 et 12 semaines postopératoires, ce traitement étant la
référence dans cette indication. Les variables étudiées incluaient les prescriptions péri-opératoires, les
données sociodémographiques et les comorbidités. Les facteurs de risque d’ENT et d’OMC ont été
déterminés par régression logistique.

Résultats

L’étude a inclus 572 211 patients (soit 854 654 interventions) d’age moyen 73,1 = 9,4 ans, avec une
proportion de 57,2 % de femmes. Parmi eux, 22,9 % présentaient une hypertonie oculaire ou un
glaucome, 19,8 % étaient diabétiques et 4,1 % avaient un score de Charlson >3. La quasi-totalité des
patients (98,6 %) ont recu un traitement péri-opératoire sous forme de collyres : antibiotiques (97,8 %),
anti-inflammatoires stéroidiens (97,0 %), anti-inflammatoires non stéroidiens (90,2 %), agents
mouillants (62,8 %) et antiseptiques (17,3 %). L’incidence de I’ENT a été estimée a 0,07 % (402 cas)
et celle de I’OMC a 0,9 % (5 140 cas). Apres ajustement, les facteurs associés a ’ENT étaient le sexe
masculin, un age plus jeune et un score de Charlson élevé, sans effet protecteur significatif de
’antibiothérapie locale. Concernant ’OMC, les facteurs de risque étaient le sexe masculin, 1’utilisation
de collyres a base de prostaglandines et un score de Charlson bas, sans effet protecteur significatif des
anti-inflammatoires stéroidiens et non stéroidiens.

Conclusion

Cette étude en vie réelle met en évidence que la chirurgie de la cataracte en France est quasi-
systématiquement associée a une prescription de collyres en post-opératoire. Les taux d’incidence des
complications post-opératoires identifiés a partir du SNDS sont similaires aux données de la littérature.
Toutefois, 1’absence d’un effet protecteur significatif des différentes classes thérapeutiques sur les
complications postopératoires remet en question certaines pratiques courantes. Ces résultats soulignent
I’importance d’une réflexion approfondie sur les stratégies de prévention des complications post-
chirurgicales, notamment en ce qui concerne la pertinence des traitements péri-opératoires et la
standardisation des recommandations.

Mots-clés : Cataracte ; Endophtalmie ; (Edéme maculaire cystoide ; Epidémiologie ; SNDS.
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Introduction

Cataract is the world's leading cause of blindness (1). Its treatment relies on surgical extraction and
yields excellent results in terms of visual recovery. It is the most frequently performed surgical
procedure in France accounting for more than 900,000 procedures in 2019 (2).

Although considered a rapid and safe surgery with immediate visual rehabilitation, the postoperative
course can be marked by postoperative complications such as inflammation and infection. The two main
complications that can affect visual outcome are cystoid macular oedema (CME) and non-traumatic
endophthalmitis (NTE). To reduce postoperative pain and prevent these complications, postoperative
eye drops are usually prescribed, including topical antibiotics, local steroidal and/or non-steroidal anti-
inflammatory treatment. On the other hand, postoperative dry eye disease can be iatrogenic, triggered
or worsened by postoperative treatment (3). As no recommendations concerning the ideal postoperative
treatment that should be administered are available, highly heterogeneous practices regarding nature,
dosage form, dosage and duration are encountered. Hence, assessing real-life postoperative eye drop
prescriptions and postoperative outcomes is required to further standardize postoperative treatment with
an evidence-based approach aiming to improve medical safety, reduce the economic burden and increase
sustainability.

The French healthcare system benefits from a unique large-scale medical data collection and analysis
infrastructure through the French health insurance data system (SNDS). This extensive data repository
includes structured medical-administrative information from healthcare reimbursements, hospital stays,
and medication prescriptions. Initially designed for administrative and billing purposes, it has gradually
become a key tool for epidemiological research and health surveillance. With advances in data science,
the SNDS now enables large-scale population studies on various health topics, ranging from the
assessment of surgical site infections following total hip or knee arthroplasty (4) to evaluating long-term
mortality in elderly patients admitted to intensive care for COVID-19 (5), analyzing care pathways and
survival rates in lung cancer (6), and examining the impact of diagnostic delays on pancreatic cancer
prognosis (7). The exploitation of these data presents a valuable opportunity to optimize healthcare
strategies, enhance patient safety, and support the development of evidence-based medical

recommendations.

The aim of the ICCARE study was to provide an overview of current perioperative prescription
practices in France, identifying common practices and potential disparities over one year and assessing
the effect of perioperative drugs on the incidences of CME and NTE after cataract surgery, analyzing

all relevant information from the SNDS.
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Materials and Methods

Study design, data sources and selection

The ICCARE study was a historic observational cohort study, performed on SNDS data. In France, a
universal health insurance system allows access to care to every French resident. Hence, the SNDS
contains all information related to healthcare consumptions for the entire French population (estimation
99%) and the vital status. The care pathway is available via a unique encrypted patient number. The
hospital discharge database (Programme de Médicalisation des Systémes d’Information, PMSI
database) provides diagnoses based on the international classification of diseases, 10" revision (ICD-
10). A specific dataset (Cartographies des pathologies) provides data concerning diseases and
comorbidities, identified through French health insurance algorithms (8). Medical procedures are
encoded using the French classification of procedure terminology (French CPT, Classification
Commune des Actes Médicaux-CCAM). Outpatient drug deliveries are coded using the Anatomical
Therapeutic Chemical (ATC) Classification System, detailed through the French classification Code
Identifiant de Présentation (CIP-13). Medical devices are coded using the French classification Liste
des produits et prestations (LPP).

Case definition and study period

Eligible patients were French adults (>18 years) who underwent at least one cataract surgery (CCAM
codes BFGA004 and BFGA427) in 2019. Patients secondarily excluded were those with: (i) a cataract
surgery during the previous year; or incoherent multiple surgeries; (ii) two cataract surgeries during the
same hospital stay or a second cataract surgery less than seven days after the first one (i.e. considered

as a surgical revision), and (iii) more than two cataract surgeries within the year.

In order to select the study population and outcomes and variables of interest (i.e. Charlson score, other
chronic conditions requiring assessment of the care pathway up to two years beforehand), the extraction
period was extended from July 1%, 2017 to March 24™, 2020.

Outcomes and explanatory variable

The occurrence of the two serious postoperative complications was estimated: (i) NTE, defined as at
least one hospital admission within 42 days following surgery, with an ICD-10 code H440 or H441,
excluding patients with an ICD-10 code S05x of traumatic injury of the eye and orbit; and (ii) CME,
defined as at least one delivery of acetazolamide (CIP-13 code 3400930305270) within 4 to 12 weeks
following surgery, excluding patients having received this treatment up to 3 months pre-surgery and 4
weeks post-surgery, or after 12 weeks post-surgery. Their annual incidence was than calculated, along
with their 95% confidence intervals (95% CI), based on the number of cases divided by the number of

cataract surgeries over the year 2019 in France.
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The type of perioperative ophthalmic prescriptions was considered as the primary explanatory variable
according to the type of pejorative outcome to prevent: (i) for NTE, the delivery of at least one antibiotic
treatment; (ii) for CME, the delivery of at least one anti-inflammatory drug (NSAID/SAID).
Perioperative drug delivery was defined according to outpatient deliveries identified through two lists
of codes extracted from ATC category SO1: 74 CIP-13 codes and 23 medical devices LPP codes, as
some solutions for ophthalmic use are registered as medical devices (supplementary material S1), and
validated by two ophthalmologists (GM and RKK), These deliveries had to take place during the 6-
month pre-surgery period and up to seven days post-surgery. Drugs were grouped into five categories:
antibiotic, steroidal or non-steroidal anti-inflammatory drug (SAID/NSAID), lubricant and antiseptic

(supplementary material S1).

Other variables of interest were collected for each patient, including sociodemographic data: age at first
surgery and sex. The number of cataract surgeries (one or two) was assessed. The Charlson comorbidity
index (CCI) was calculated using hospital diagnoses up to two years from the inclusion date (9). The
following other pre-existing conditions were assessed: (i) glaucoma or ocular hypertonia, defined as at
least one specific ophthalmic drug delivery (CIP-13 list, supplementary material S2) during the 6-month
pre-surgery period and up to the surgery date; and (ii) diabetes, as identified from the Cartographie des
Pathologies dataset. Acetazolamide being contra-indicated in case of kidney disease and nephrolithiasis,
these conditions were identified using the ICD-10 codes N184 and N185 for kidney disease and N20,
N23 and N132 for nephrolithiasis, searched for during the two years preceding the surgery.

The hospitals where each surgery stay took place were classified as University hospital, other general

hospital, private hospital.

Statistical analyses

All analyses were performed using the patient as the statistical unit, considering the hypothesis of a

similar prescription for each eye (same practitioner) in case of bilateral surgery over the year.

First, patient baseline characteristics were described. Quantitative data were presented as means *
standard deviations (SD) and medians % interquartile ranges (1Q). Categorical variables were described

as counts and frequencies (percent).

Second, bivariable then multivariable analyses were performed separately for NTE and CME. The initial
multivariable model included the drug prescription as a categorial variable and all the potential
confounders described above, according to the p-value in the univariate analysis (<0.20) and/or clinical
relevance. Then, descending stepwise logistic regression models were performed to select the final

model. For all tests, the threshold for statistical significance was set to 5%.

All analyses were conducted using SAS® Enterprise Guide software (SAS® Institute Inc., Cary, NC,

USA), version available on the national Health Insurance Hub at the time of the analyses.
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Ethics

The study was conducted in accordance with the ethical principles established in the Declaration of
Helsinki and its amendments. No nominative, sensitive, or personal patient data were collected in this

study. It was based on the reuse of previously recorded and pseudonymized data.

According to French regulations, studies based on SNDS data require neither information nor consent
of the included individuals. This study was registered with the Tours University Hospital (internal Data
Protection Board Commission Nationale de [’Information et des Libertés CNIL number #2024_021) and
the national Health Data Hub (national CNIL number 19638955).
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Results

A total of 572,211 patients met the criteria for inclusion in the cohort, i.e. 93.3% of the 613,488 patients

who underwent cataract surgery in France between January 1, 2019, and December 31, 2019. These

572,211 patients corresponded to 854,654 hospital stays (Figure 1). The annual incidence rates of NTE
and CME were estimated, respectively, at 7/10,000 (n=402) and 90/10,000 (n=5,140).

613,488 patients who underwent

41,277 patients excluded:
* 4,606 patients excluded after being matched against
the beneficiaries' reference database
483 patients < 18 years old

cataract surgery in 2019
(903,871 stays)
572,211 patients  included

(854,654 stays)

5,520 patients with at least one
complication
(97.0/10,000)

402 patients with NTE < 42
days post-intervention
(7.0/10,000)

29,182 patients who had a cataract operation in
2018 in the 12 months prior to their Ist cataract
operation in 2019

7,006 patients with multiple incoherent surgeries

5,140 patients with CME within
4 to 12 weeks post-procedure
(90.0/ 10,000)

Figure 1: Flow chart — ICCARE study, France 2019 (NTE: Non-Traumatic Endophthalmitis, CME:
Cystoid Macular Edema)

The mean age was 73.1 years (£9.4) and the male to female ratio was 0.75. Half of the population
underwent bilateral surgery (Table I).

Concerning the setting of the interventions, most of the procedures were performed in private hospitals

(Table 11).

Almost all of the cohort patients (98.8%) received at least one perioperative treatment, with more than

94.3% receiving >3 treatments and 62.2% receiving >4 treatments (Table 111). The distribution of eye
drops was as follows: 97.8%, SAID 97.0%, NSAID 90.2%, lubricant 62.8%, and antiseptic 17.3%.
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Table I: Baseline characteristics of the study population, ICCARE study, France 2019

Patients Total NIE CME
n % n /10,000 p n /10,000 p
Total 572211 100.0 402 70 5.140 898
Men 244628 428 210 86 2527 1033
. ~ - <0.001 _ <0.001
Women 327583 572 192 59 2613 79.8
Age, mean + s.d. (years) 73.1+94
Agein categories
< 65 years 90.850 159 91 10.0 809 89.0
65-74 years 218494 382 142 65 2045 93.6
75-84 years 205563 359 132 64 00032 1.861 90.5 <0.001
=85 years 57.304 100 37 65 425 742
Number of interventions
1 289768 50.6
2 282443 404
Time between interventions, median [min-max] 14 [7-355]
Comorbidities
Ocular hyper tonia/Qancoma and treatments 130,960 229
No treatment 441251 77.1 5.140 1165
Prostaglandins without CAI 44 862 7.8 483 1077
CAT without prostaglandins 31,103 5.4 295 94.8 <0.001
Prostaglandins and CAI 27.695 4.8 365 1318
Other (neither) 27.300 4.8 236 86.4
Charlson Index score
0 501,773 8§7.7 311 62 4572 91.1
1-2 47.208 8.3 52 11.0 <0.001 404 856 0.0031
=3 23.230 4.1 39 16.8 164 70.6
Diabetes 113479 19.8 1,046 922 03
Chronic renal failure, stage 4/5 5910 1.0 31 52.5 0.0022
Renal lithiasis 3768 0.7 34 90.2 0.9
Perioper ative delivery of topical antibiotics
Yes 559353 7.0 392 7.0 0.7
No 12,858 7.8 10 78 !
Perioper ative delivery of SAID/NSAID
No SAID and NSAID 559353 97.8 41 46.0 <0.001
Dispensing of SAID or NSAID 12,858 2.2 5.099 914

NTE: Non-Traumatic Endophthalmitis, CME: Cystoid Macular Edema, SAID: Steroidal anti-inflammatory drug,
NSAID: Non-steroidal anti-inflammatory drug, CAl: carbonic anhydrase inhibitor, p: bivariate analysis

Table I1: Distribution of cataract surgeries by healthcare facility and number of interventions —

ICCARE study, France 2019

Stay

Intervention n°1

Intervention n°2

n %

n %

n %

Total

Type of facility
University/Regional Hospital
General Hospital
Private Hospital

854,654 100,

52,132 6.1
134,148 15.7
668,374 78.2

572,211 100,0

37,031 6.5
90,106 15.7
445,074 77.8

282,443 100,0

15,101 53
44,042 15.6
223,300 79.1
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Table I11: Distribution of perioperative treatments — ICCARE study, France 2019

) Total
Patients
n %

O e B TLE 1000 ..
Noperioperative treatment o2
Type of perioperative treatment 565 140 98.8

Antibiotic 559 353 97.8

Steroidal anti-inflammatory drug 554 969 97.0

Non-steroidal anti-inflammatory drug 516 070 90.2

Wetting agent 359 431 62.8
e Antiseptic 98909 .. 173 .
Number of perioperative treatments

0 7071 12

1 1864 0.3

2 23930 4.2

3 183390 32.0

4 290 942 50.8

5 65014 11.4
Combination of perioperative treatments, including ATB/SAID/NSAID

None of ATB/SAID/NSAID 7839 14

ATBalone 1111 0.2

SAID alone 655 0.1

NSAID alone 1376 0.2

ATB+SAID 46 536 8.1

ATB+NSAID 6916 12

NSAID+SAID 2988 05

ATB+SAID+NSAID 504 790 88.2

* Different types. For example, if two different antibiotics are prescribed, this represents a single type
of treatment. ATB: Antibiotic, SAID: Steroidal anti-inflammatory drug, NSAID: Non-steroidal anti-
inflammatory drug,



Non-traumatic endophthalmitis

A total of 402 patients developed endophthalmitis (7.0 / 10,000 cataract surgeries). After adjustment,
the factors significantly associated with NTE were male sex, age<65 years, and an increased Charlson
score, whereas the absence of topical perioperative antibiotics was not significantly associated with NTE
occurrence (ORa: 1.04, 95% CI: 0.55-1.95) (Figure 2).

Men: 1.37[1.12- 1.67] ———

Age category (ref. 65-74 y.0.):

<65y.0. 1.53[L18-2.00] e
75-84yv.0. 0.96[0.76 - 1.22] —e—
>85v0.  0.92[0.64-132] —el——

Charlson index score (ref. 0):

12 1.77[1.32-238] ——————
>3 2.66[1.90 - 3.72] TS
~No perioperative antibiotic treatment: ~ 1.04 [0.55 - 1.95] —_—l
0 0.4 0.8 1.2 1.6 2 24 2.8 32 3.6 4

Adjusted Odds Ratios [95% Confidence Interval]

Figure 2: Factors associated with non-traumatic endophthalmitis (NTE) according to perioperative

treatments and patients’ characteristics — ICCARE study, France 2019



Cystoid macular edema

A total of 5,140 patients developed CME (9.0 / 10,000 cataract surgeries). After adjustment, the factors
significantly associated with an increased risk of developing CME were: male sex, topical prostaglandin
treatment without a carbonic anhydrase inhibitor and the combination of prostaglandin and carbonic
anhydrase inhibitor. The factors significantly associated with a decreased risk of developing CME were:
age>85 years, a Charlson index score >3, chronic kidney disease (Stage 4 or 5), and the absence of
perioperative SAID and NSAID deliveries (ORa: 0.54, o595 Cl: 0.40-0.74) (Figure 3). Diabetes was not
significantly associated with CME (p-value = 0.3) (Table I).

Men:  1.30 [123 - 1.37] ——

Age category (ref. 65-74 y.0.):

<63y.o0. 094[037-102] —e -
75-84y.0. 0.97[0.91-1.03] —et
>85yo. 081 [0.73-090] —e—

Charlson index score (ref. 0):

12 0.95[0.85- 1.05] —e—1—
>3 0.80[0.68 - 0.93] ——
Chronic renal failure, stage 4/5:  0.63 [0.44 - 0.91] —_————

Ocular hypertonia / glaucoma
treated with (ref. no glaucoma):

prostaglandins without CAT ~ 1.25[1.14 - 1.38] ———
CAT without prostaglandins ~ 1.09[0.97 - 1.23] +——
prostaglandins and CAT ~ 1.52 [1.36 - 1.69] ——
other  1.01 [0.88 - 1.15] R
No SAID /NSAID:  0.54[0.40 - 0.74] ———
02 06 1 14 1.8

Adjusted Odds Ratios [95% Confidence Interval]

Figure 3: Factors associated with cystoid macular edema (CME) according to perioperative treatments
and patients’ characteristics— the ICCARE study, France 2019

CAl: carbonic anhydrase inhibitor, SAID: Steroidal anti-inflammatory drug, NSAID: Non-steroidal anti-
inflammatory drug
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Discussion

This first real-world study of cataract patients in France, based on a historical cohort, yielded valuable
insights into perioperative eye drop delivery after cataract surgery. After assessing the incidence of NTE
(0.07%) and CME (0.90%) in France in 2019, we highlighted how perioperative care lacks
standardization and provided relevant information about factors associated with the two main sight-
threatening complications following cataract surgery, NTE and CME. Furthermore, given the growing
number of cataract surgeries performed annually, these results offer important insights into our

healthcare system (2).

Topical antibiotics and NTE: a questionable practice

Firstly, our observed NTE incidence (0.07%) aligns well with recent literature, which reported a
prevalence of 0.05% in France in 2014 (10). The NTE risk factors, such as male sex and an increased
Charlson score, are consistent with the available literature (11,12). Moreover, our findings also confirm
the absence of prophylactic effect of topical perioperative antibiotics in reducing the incidence of NTE.
This aligns with European guidelines and an American study, which have shown that, irrespective of
the type of topical antibiotics used, no additional prophylactic benefit arises when intracameral
cefuroxime is administered (13). Since the official approval of cefuroxime for intracameral use in France
in 2012, a significant decline in postoperative endophthalmitis incidence has been observed, decreasing
from 0.145% in 2005 to 0.053% in 2014 (10). Despite this evidence, the nearly systematic prescription
of topical antibiotics in perioperative cataract surgery in France raises important questions about the
relevance of this practice. This routine use could lead to antibiotic resistance, ocular surface disorders,
and increased costs for the healthcare system (14-16). Future efforts should focus on evaluating and
potentially optimizing these prescribing practices to avoid unnecessary procedures and their associated

risks.

Younger age and cystoid macular edema: is posterior vitreous detachment the missing link?

Regarding CME, male sex is a well-established risk factor, yet in this study, an age over 85 years was
associated with a lower risk of CME, contrasting with previously published data (17,18). Some studies
support the notion that younger patients are more prone to developing CME (19,20). One possible
explanation could be related to the status of the vitreous humor at the time of cataract surgery. Cataract
extraction is known to increase the likelihood of posterior vitreous detachment, and pseudophakic eyes
often exhibit structural changes in the vitreous humor that are absent in phakic eyes (21). As a result,
performing cataract surgery in younger patients, who are less likely to have pre-existing posterior

vitreous detachment, may disrupt the vitreoretinal microenvironment, increasing susceptibility to CME.
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Cystoid macular edema, NSAIDs, and diabetes: An unforeseen connection

The absence of prophylactic effect of perioperative steroids or NSAIDs on CME is in contradiction with
the existing literature (22). One possible explanation is that patients who did not receive NSAIDs or
steroids in our study were more likely to belong to a vulnerable population with higher Charlson
comorbidity scores or severe/end-stage renal disease, conditions that could limit the prescription of oral
acetazolamide. This limitation may have led to an underestimation of CME incidence in our population,
as acetazolamide was used as an indirect diagnostic marker for CME in our study. However, Charlson
comorbidity scores or severe/end-stage renal disease were accounted for in our multivariable analysis.
Another explanation is the use of subconjunctival steroid injections or other formulations administered
at the end of the surgery, which were not included in our data extraction (23). However, this approach
is not widespread in France and the non-invasive therapeutic strategy including topical SAID with
topical NSAID and acetazolamide for the treatment of CME remains the first-line treatment before the
use of periocular or intraocular injection of SAID. Similarly, diabetes did not emerge as a statistically
significant risk factor for CME in this analysis, which could be attributed to the lack of detailed
categorization of diabetic status in our not highly granular database (24). Studies have shown an
increased risk of CME in patients with known diabetic retinopathy or diabetic maculopathy, yet our
study did not include information on the retinal status of the patients, limiting our ability to stratify the

risk.

Prostaglandin association with cystoid macular edema: a longstanding debate

Additionally, the perioperative use of prostaglandins was associated with an increased risk of CME in
this study. CME is primarily driven by a breakdown in the blood—aqueous barrier due to the release of
various inflammatory mediators. Prostaglandins, for example, can cause perifoveal capillary leakage,
leading to the pooling of fluid in the outer retinal layers (25,26). However, more recent studies on
antiglaucoma treatments have reported that, among patients developing CME, those treated with
prostaglandins were less likely to experience CME compared to patients on other therapies (27,28). This
apparent discrepancy highlights the need for further research to clarify the role of prostaglandins in the
pathogenesis of CME and their impact in various clinical contexts, including retinal status and
comorbidities. Additionally, prospective studies are warranted to explore the complex interplay of
perioperative treatments, comorbidities, and inflammatory pathways in the development of CME

following cataract surgery.
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Limitations

Our study had several limitations. First, the accuracy of coding may vary, potentially leading to an
underestimation of the number of endophthalmitis cases related to cataract surgery (29). Similarly, the
inclusion of combined surgeries or complex cataract cases (not individualizable in the SNDS database),
which carry a higher risk of NTE and CME due to complications such as posterior capsular rupture with
vitreous prolapse, may have influenced our results (10,17). For the evaluation of CME incidence, we
relied on an indirect diagnostic criterion based on the prescription of oral acetazolamide, which is the
reference treatment for CME in France (30). However, oral acetazolamide is also used for other
indications, such as ocular hypertension, which could potentially lead to an overestimation of CME
cases in our analysis, but we included ocular hypertonia and glaucoma in our multivariate analysis (31).
Eventually, our analysis focused solely on the deliveries of perioperative medications without
considering the duration, dosage or adherence to these treatments, which could introduce confounding
bias. Non-adherence is a well-documented challenge in ophthalmology; one review reported non-
adherence rates to glaucoma treatments ranging from 23% to 60% over 12 months (32). However, the
SNDS has previously proved its epidemiological value, allowing to catch complete real-life and large-
scale data, providing robust estimations (4,6,33). The SNDS is particularly relevant for very-low
incidence, well-defined health events requiring a hospitalization or a specific treatment such as NTE
and CME, for which it is the only database allowing to estimates to be obtained with sufficient precision.

Towards a need for standardization of perioperative care

To date, emerging guidelines from the European Society of Cataract and Refractive Surgeons have been
proposed, reinforcing the need for a more structured and evidence-based approach to perioperative
treatment (34).Given the paradox of cataract surgery being a highly standardized procedure, yet
perioperative prescription practices exhibiting significant variability as demonstrated in this study, along
with their debated effects, it is essential to further investigate the relevance of these treatments. A deeper
understanding is necessary to optimize perioperative management, not only to reduce postoperative
complications that may limit visual recovery, but also to lower the discomfort and pain associated with
these treatments. Such adverse effects include ocular dryness, pain, irritation upon instillation, and other
potential side effects, all of which can negatively impact the patient's postoperative experience (3). An
emerging approach to optimizing postoperative treatment management, while reducing patient non-
adherence and the side effects of topical treatments, is the dropless cataract strategy. This method relies
on the administration of antibiotics or anti-inflammatory agents through injections or implants, enabling
a sustained release of active compounds. Various delivery routes are currently being investigated
(intracanalicular, intracapsular, intracameral) (35-37), while others are already in clinical use
(subconjunctival, sub-Tenon) (23,38,39). This approach ensures effective and safe postoperative care
by eliminating reliance on patient adherence to treatment. Additionally, it appears to be both cost-

effective for society and beneficial for the patient, optimizing healthcare resources while enhancing
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patient outcomes (40). Still, future randomized controlled studies are required to identify the most

sustainable treatment in dropless cataract surgery.

Conclusion

To our knowledge, this real-world study is the first in France to investigate perioperative delivery
patterns in cataract surgery and to assess their impact on the occurrence of postoperative complications
such as NTE and CME. The study highlights the almost systematic use of topical antibiotics in the
perioperative period, which, since the advent of intracameral cefuroxime injections, has not
demonstrated superior efficacy in preventing NTE. Furthermore, it underscores the ongoing challenges
in the prevention of CME, where the effectiveness of topical NSAIDs and SAIDs, whether used alone
or in combination, remains a subject of debate. Given the increasing number of cataract surgeries
performed in France and globally, the findings emphasize the need for a standardized approach to
prophylactic practices for complications such as NTE and CME. This would not only improve patient
outcomes, but also potentially reduce the additional costs associated with the variability in current
practices. A cost analysis of these diverse practices would provide further evidence to support the need
for harmonization and optimization of care protocols. By addressing these issues, we could ensure a
more efficient and effective management of cataract surgery patients, ultimately enhancing their quality

of care.
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Supplementary material

Table S1. Perioperative drugs for the prevention of complications after a cataract surgery

Drug group

Class.

Drug codes

Antibiotics

CIP-13

3400934324215, 3400935747471, 3400938203820; 3400938167368; 3400941780486;
3400930280393; 3400934732652; 3400934796708; 3400941987083; 3400937422970;
3400933737535, 3400935922779; 3400930217412; 3400934734953; 3400930067444,
3400930652534, 3400934429972; 3400932645213; 3400931983569; 3400931384144,
3400934035890; 3400933193287; 3400933315139; 3400933797447; 3400933797508,;
3400930081594; 3400927956478; 3400936023208; 3400935528698; 3400937689021
3400933817930; 3400933696511, 3400934239076; 3400934499821, 3400933796037,
3400933796266; 3400935706669; 3400939156682; 3400933194819; 3400935650627,
3400933521134; 3400933666644, 3400933765620; 3400934252891; 3400935931016;
3400934175220; 3400933132255, 3400933170806; 3400926619121, 3400949952670;
3400933861872; 3400931134435; 3400930915233; 3400930915462; 3400934427442,
3400935334060; 3400932805433; 3400932805372

Steroidal anti-
inflammatory drugs

CIP-13

3400937477680; 3400930652473; 3400930217412; 3400934734953; 3400930067444,
3400930652534, 3400934429972; 3400932645213; 3400931983569; 3400931384144

Non-steroidal anti-
inflammatory drugs

CIP-13

3400921604696, 3400933868628; 3400936682245; 3400932420285; 3400933443498;
3400933502614, 3400934195389; 3400934646683; 3400935113276; 3400935459060

Eye wetting agents

CIP-13

3400938167368; 3400941780486, 3400930280393; 3400934732652; 3400934796708,;
3400941987083; 3400937422970; 3400934035890; 3400933193287; 3400933315139;
3400933797447; 3400933797508; 3400930081594; 3400927956478; 3400936023208;
3400935528698; 3400937689021, 3400933817930; 3400933696511; 3400934239076;
3400934499821; 3400933796037, 3400933796266; 3400935706669; 3400939156682;
3400933194819; 3400935650627; 3400933521134; 3400933666644, 3400933765620;
3400934252891; 3400935931016; 3400934175220; 3400933861872; 3400931134435;
3400934427442

LPP

1164956, 1130160; 1132471; 1168581; 1192020; 1163922; 1152893; 1119750;
1100650; 1113976, 1128239; 1130124, 1165507, 1135498; 1100028; 1165660;
1115171, 1146190; 1159257; 1144617; 1180263; 1129003; 1167400

Antiseptic drugs

CIP-13

3400930116944, 3400936366848; 3400932279807

Class. Standardized classification

One drug can appear in more than one group, i.e. some drugs contain both an antibiotic and a steroidal anti-
inflammatory drug; or both an antibiotic and a non-steroidal anti-inflammatory drug

36



Table S2. Drugs prescribed for the treatment of ocular hyperotonia/glaucoma

Drug group Class. Drug codes

3400930305270; 3400930305331, 3400932904587; 3400935985293; 3400935922021
3400930073766; 3400927875991; 3400930073728; 3400949500451 ; 3400949500086;
3400930088821; 3400938958423; 3400934547300; 3400930127377, 3400939149479;
3400939308869; 3400938959482; 3400939520896; 3400935434975, 3400930032886;
3400930015223; 3400930060148; 3400930043110; 3400930046326; 3400930043301
3400949501649; 3400927929625; 3400936009011; 3400936006638; 3400935789525
3400934380914, 3400935788924, 3400934380792; 3400933851309; 3400949606139;
3400938942163; 3400941537813; 3400930119013; 3400949877539; 34009391489309;
3400926738266; 3400934384127, 3400934384066; 3400922153025; 3400922153193;
3400921815894, 3400921722314, 3400922125510; 3400922125459; 3400939333182;
3400939333243; 3400941619588; 3400941619410; 3400930105245; 3400921937534,
3400930151044, 3400930105252; 3400930151051; 3400921937763; 3400922376110;
3400921839449; 3400921839500; 3400934586101; 3400933257606; 3400933257545;

Glaucoma CIP-13 3400937667838; 3400933284220; 3400935379993; 3400933734053; 3400932242955

treatments 3400934127373; 3400933546496, 3400933733971; 3400934043185, 3400922438825;
3400933546328; 3400934043017, 3400922438764; 3400932243266; 3400935469984,
3400937068291, 3400937574136; 3400927561627; 3400939126647, 3400930085028,;
3400937574945, 3400934806384; 3400930038345; 3400937172240; 3400930122693;
3400941960697; 3400935760319; 3400935760258; 3400927323973; 3400921809633;
3400921959536; 3400922316208; 3400922316376; 3400927593154, 3400927593093;
3400930026250; 3400930105214, 3400930105191, 3400930105177; 3400927480911
3400922316437, 3400926826765; 3400922316666, 3400922316727, 3400927480850;
3400922316895; 3400926826826, 3400937705721; 3400930105207; 3400930105184,
3400922091297, 3400922174716; 3400949503131; 3400926752224, 3400922276472,
3400949012084, 3400939643595, 3400930085035; 3400926752163; 3400949138906;
3400935847638; 3400927886997, 3400930008256, 3400930084588; 3400930081921
3400927887079; 3400927880216; 3400930161142; 3400949502820, 3400933838980;
3400934105432; 3400930083468; 3400949004041

Class. Standardized classification
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Résumé :

Introduction : La cataracte, principale cause de cécité réversible dans le monde, reléve d’un traitement
exclusivement chirurgical. Bien que rares, les complications postopératoires peuvent grever le pronostic.
Cette étude visait a décrire les délivrances péri-opératoires en France, estimer les incidences d'cedéme
maculaire cystoide (OMC) et d'endophtalmie non traumatique (ENT) postopératoires et d’en identifier les
facteurs de risque.

Matériel et méthodes : Les sujets >18 ans avec premiére chirurgie de cataracte en 2019 étaient inclus via
le Systéme National des Données de Santé (SNDS). L’ENT était identifiée par deux codes CIM-10 dans
les 42 jours post-opératoires et I’OMC par délivrance d'acétazolamide dans les 4 a 12 semaines,
traitement de référence dans cette indication. Les variables étudiées comprenaient : délivrances péri-
opératoires, données sociodémographiques, comorbidités. Les facteurs associés a 'OMC/ENT étaient
identifiés par régressions logistiques.

Résultats : Etaient inclus 572211 patients (854654 interventions) d’age moyen 73,1+9,4 ans, dont 57,2%
de femmes. Etaient retrouves : 22,9% hypertonie oculaire/glaucome, 19,8% diabéte et 4,1% score de
Charlson >3. La quasi-totalité des patients (98,6%) avaient un traitement péri-opératoire sous forme de
collyres : antibiotiques 97,8%, anti-inflammatoires stéroidiens 97,0%, anti-inflammatoires non stéroidiens
locaux 90,2%, agents mouillants 62,8% et antiseptiques 17,3%. L’incidence d’ENT était évaluée a 0,07%
(402 cas) et de I’OMC a 0,9% (5140 cas). Aprés ajustement, les facteurs associés a I’ENT étaient le sexe
masculin, un dge jeune et un score de Charlson élevé, sans effet protecteur significatif de 1’antibiothérapie
locale. Les facteurs associés a ’OMC étaient le sexe masculin, 1’utilisation de prostaglandines en collyre,
un score de Charlson bas, sans effet protecteur significatif des antiinflammatoires stéroidiens et non
stéroidiens.

Conclusion : Cette étude en vie réelle permet d’affirmer que la chirurgie de la cataracte en France est quasi-
systématiquement associée a un traitement péri-opératoire. Les incidences des complications post-
opératoires identifiées via le SNDS étaient similaires a la littérature. Cependant, 1’absence d’effet
significatif protecteur des différentes classes thérapeutiques sur les complications postopératoires souléve
la question de la pertinence des pratiques.
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