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Purpose: To determine the incidence of posterior capsule rupture (PCR) and vitreous loss (VL) during cataract surgery in a Swiss
tertiary care center. Furthermore, we aimed to evaluate preoperative risk factors associated with PCR/VL, including pseudoexfoliation
(PEX), age, type of anesthesia, and the Triemli Cataract Score (TCS), a locally implemented preoperative risk assessment tool for
surgical complexity.

Methods: This retrospective single-center cohort study included all phacoemulsification and refractive lens exchange procedures
performed at Stadtspital Ziirich between January 2021 and late August 2024. Data were retrieved from the Dendrite clinical database
of the TCS and supplemented through manual chart review and surgical reports for identification of intraoperative complications.
Univariable and multivariable logistic regression analyses were performed to evaluate associations between preoperative factors and
the occurrence of PCR and/or VL.

Results: A total 0of 2°719 eyes were included in the study. PCR and/or VL occurred in 52 eyes (1.9%), including 45 cases of PCR (5 with
concomitant VL) and 7 additional cases of isolated VL due to zonulolysis. In univariate analysis, PEX and a TCS >3 were significantly
associated with an increased risk of PCR and/or VL (OR 2.72; p=0.003 and OR 2.38; p=0.002, respectively), while topical (vs. general)
anesthesia was associated with a reduced risk (OR 0.51, p=0.019). In multivariate analysis, only PEX remained an independent risk factor
(OR 2.38; p=0.013). The association between TCS >3 and PCR/VL just missed statistical significance (OR 1.79; p=0.057).
Conclusion: The rate of PCR and/or VL during cataract surgery at a Swiss tertiary care center is comparable to international statistics.
PEX is a strong and independent predictor for these complications; although the predictive power of TCS did not reach statistical
significance in multivariable analysis, the observed trend suggests that risk-based preoperative scores such as the TCS may support
risk-stratification and surgical planning in clinical practice.
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Introduction

Cataract surgery is one of the most frequently performed and safest surgical procedures in Ophthalmology. Nevertheless,
posterior capsular rupture (PCR), often accompanied by vitreous loss (VL), remains the most common serious intrao-
perative complication and can significantly affect postoperative outcomes.' In some cases, PCR leads to further surgical

interventions, increased healthcare costs, prolonged recovery, and even long-term visual impairment.*
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The integrity of the posterior capsule is widely recognized as a key indicator of surgical safety and quality in cataract
surgery.>** Despite advances in phacoemulsification techniques, instrumentation, and surgical training, the incidence of
PCR and/or VL has remained relatively stable over the past decade, with rates of approximately 1.1% and 2.1% reported
in large multicenter studies.'”®

Numerous studies have identified a range of preoperative factors associated with an increased risk of PCR or VL,
including advanced age, pseudoexfoliation (PEX), brunescent cataracts, small pupils, zonular instability, high axial
length, and poor patient cooperation.®® Furthermore, surgeon experience is also considered a critical factor, with higher
complication rates observed in procedures performed by trainees (3.2-5.1% PCR rate).*'°

To address these risks, several structured preoperative assessment tools have been developed, such as the Muhtaseb score
and the updated Cataract Complexity Stratification Score.'’ In addition to these internationally established scores, some
institutions have developed customized systems tailored to their specific clinical settings. Such a recent example is the
Triemli Cataract Score (TCS), a modified system adapted from the Muhtaseb et al Score and the New Zealand Cataract Risk
Stratification (NZCR) scoring system''™'> The TCS was developed at the Department of Ophthalmology, Stadtspital Ziirich
(formerly called “Stadtspital Triemli”) and tailored to the specific needs of a Swiss public hospital setting. To estimate surgical
complexity, it incorporates ocular, anatomical, and patient-related factors, such as pseudoexfoliation, pupil size, axial length,
cataract density and systemic or behavioural conditions that could complicate surgery. The TCS classifies patients into “routine,”
“complex,” or “highly complex” surgical categories and supports case assignment and counseling. By systematically identifying
high-risk cases preoperatively, such tools facilitate safer case allocation and structured surgical training, ultimately enhancing
patient safety and the quality of surgical training. A concise summary of the TCS risk factors is included in the Table S1.

To our knowledge, there is limited real-world data from Switzerland assessing the frequency of PCR and VL in
a high-volume tertiary care setting, especially in correlation with risk stratification tools. This study retrospectively
evaluates the incidence of PCR and VL during cataract surgery at Stadtspital Ziirich. In addition, it explores the

relationship between preoperative factors such as the TCS and the occurrence of intraoperative complications.

Materials and Methods

This retrospective, single-center clinical study was conducted at the Department of Ophthalmology at the public City
Hospital Zurich, Switzerland. The study period included all cataract procedures performed between January 2021 and
late August 2024. Ethical approval was obtained from the Cantonal Ethics Committee Zurich, Switzerland (2023-01867).
The study was conducted in adherence with the Declaration of Helsinki and all federal state laws of Switzerland. All
patients provided written general consent for the further use of their health-related data for research.

Inclusion and Exclusion Criteria

Eligible cases included all patients who underwent phacoemulsification cataract surgery or refractive lens exchange at
Stadtspital Ziirich during the above-mentioned study period. Only patients with complete datasets were considered for the
analysis. In addition, only procedures performed exclusively by experienced cataract surgeons were included, namely senior
attending physicians and the head of department, of whom each had performed over 250 cataract surgeries yearly. Exclusion
criteria were congenital cataracts, cataracts with lens dislocation, combined surgeries (additional pars plana vitrectomy or
glaucoma surgery), inexperienced surgeons (defined as having performed fewer than 250 yearly cataract surgeries based on
institutional records prior to the study period), secondary IOL implantations or surgeries with other severe complications
leading to blindness (eg. suprachoroidal hemorrhage), that were not associated with PCR/VL. Furthermore, patients with
either missing or denied written general consent for the further use of health-related data for research were excluded (Figure 1).

Endpoints

The primary endpoint was the intraoperative incidence of PCR and/or VL, as documented by the operating surgeon in
standardized digital reports. Secondary endpoints included the influence of potential risk factors such as the TCS, age,
PEX and the type of anesthesia.
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Enrolled eyes
(n=3593)

Excluded eyes (n=874)
1. No research consent (n=666)
2. Inexperienced surgeon (n=201)

3. Lens dislocation / preoperative lentodonesis (n=6)

4. Suprachoroidal hemorrhage with complete
blindness (n=1)

Eligible eyes
(n=2719)

Figure | Flowchart of patient exclusion showing 2’719 eligible eyes out of 3'593.

Data Collection and Database Description
Data from cataract surgeries performed between January 2021 and late August 2024 were collected utilizing the Intellect
database (Dendrite Clinical Systems, Reading, United Kingdom), which serves as a fully auditable platform for clinical
data management. Since appointing the Dendrite system, a comprehensive database was built, including all patients who
provided written consent and underwent ophthalmic surgery at our hospital. This database captured demographic details,
preoperative and perioperative parameters, clinical follow-up notes and health questionnaire responses completed by the
patients. Therefore, this approach allowed for more streamlined and accurate data handling.

All data entries were carefully reviewed and curated by a data manager and quality assurance team from our study
center to ensure consistency and data integrity.

Intraoperative complications were systematically categorized based on the surgical report, including iris trauma,
zonular dialysis, PCR, VL, anterior capsular tear, hemorrhage, and other specified events or a combination thereof.

Statistical Analysis

Demographics and clinical characteristics were reported for those with and without PCR/VL, using medians and
interquartile ranges for continuous variables and frequencies and percentages for categorical variables. Medians and
interquartile ranges were appropriate, as indicated by statistically significant Shapiro-Wilk assessments, which deter-
mined normality. Univariate logistic regression was used to assess the independent associations between each demo-
graphic and clinical characteristic and the odds of PCR/VL. Covariates with p < 0.20 were entered into a second model,
where backward variable selection determined the covariates most associated with PCR/VL. All p-values were 2-sided,
and p<0.05 was considered statistically significant. All data analyses were conducted using STATA version 18
(StataCorp, College Station, TX, USA).

Results
A total of 2°719 eyes were included in the analysis (Table 1). The median age of the cohort was 73.5 years. Among the
patients, 1’337 male (49.2%) and 1°382 female (50.8%) underwent cataract surgery. Of the total eyes operated, 1°370
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Table | Baseline Characteristics of the Study Patients

Variables Overall (n = 2719) | No PCR & VL (n = 2667) | PCR & VL (n =52) | P-value
Age, years (median, IQR) 75.1 (67.6, 80.5) 75.0 (67.5, 80.5) 773 (69.2, 82.9) 0.24
Age Categories (n, %) 0.25

<60 254 (9.34) 248 (9.30) 6 (11.5)

60-69 613 (22.6) 605 (22.7) 8 (15.4)

70-79 1116 (41.0) 1097 (41.1) 19 (36.5)

80-89 666 (24.5) 650 (24.4) 16 (30.8)

>90 70 (2.57) 67 (2.51) 3 (5.77)

Gender (n, %) 0.26

Male 1337 (49.2) 1307 (49.0) 30 (57.7)

Female 1382 (50.8) 1360 (51.0) 22 (42.3)

Eye (n, %) 0.54

oD 1370 (50.4) 1346 (50.5) 24 (46.2)

(ON 1349 (49.6) 1321 (49.5) 28 (53.9)

Visual Acuity Surgical Eye (median, IQR) 0.30 (0.20, 0.50) 0.30 (0.20, 0.50) 0.40 (0.30, 0.75) 0.006**
Visual Acuity other Eye (median, IQR) 0.30 (0.10, 0.40) 0.30 (0.10, 0.40) 0.30 (0.10, 0.60) 0.10
IOP Surgical Eye (median, IQR) 16 (14, 18) 16 (14, 18) 16 (13.5, 19) 0.63
IOP other Eye (median, IQR) 16 (13.3, 18) 16 (13.3, 18) 15 (13, 20) 0.96
Pre-Op Sphere (median, IQR) 0.25 (—2.25, 2) 0.25 (-2.25, 2.00) 0.13 (-2.13, 2.13) 0.85
Pre-Op Cylinder (median, IQR) —1.00 (—1.50, —0.50) —1.00 (—1.50, —0.50) —1.25 (-1.63, —0.75) 0.14
Pre-Op Axis (median, IQR) 90.0 (66, 122) 90.0 (66, 122) 82 (47, 121) 0.24
Pre-Op SE (median, IQR) —0.25 (-2.75, 1.50) —0.25 (—2.75, 1.50) —0.38 (—3.50, 1.44) 0.76
Refraction (n, %) 0.36

Myopic 1298 (47.7) 1277 (47.9) 21 (40.4)

Emmetropic 35 (1.29) 34 (1.27) 1 (1.92)

Hyperopic 1386 (50.9) 1356 (50.8) 30 (57.7)
PseudoExfoliation (n, %) 277 (10.2) 265 (9.94) 12 (23.1) 0.005%*
Anesthesia Type (n, %) 0.051

General 985 (36.2) 958 (35.9) 27 (51.9)

Topical 1680 (61.8) 1656 (62.1) 24 (46.2)

Other 54 (1.99) 53 (1.99) 1 (1.92)

Cataract Score (median, IQR) 2 (0, 4) 2 (0, 4) 3(0,6) 0.003**
Cataract Score (n, %) 0.019*

0-1 1293 (47.6) 1275 (47.8) 18 (34.6)

2 522 (19.2) 516 (19.3) 6 (11.5)

3 180 (6.7) 176 (6.6) 4 (7.70)

4 193 (7.1) 188 (7.0) 5(9.6)

=5 531 (19.5) 512 (19.2) 19 (36.5)

Axial Length (median, IQR) 23.6 (22.9, 24.5) 23.6 (22.9, 24.5) 23.9 (229, 24.8) 0.21
Axial Length (n, %) 0.20

<23 747 (27.5) 733 (27.5) 14 (26.9)

23-<24 908 (33.4) 895 (33.6) 13 (25.0)

24-<25 543 (19.9) 529 (19.8) 14 (26.9)

25-<26 209 (7.69) 204 (7.65) 5(9.62)

>26 312 (11.5) 306 (11.5) 6 (11.5)

Notes: Continuous variables compared using Wilcoxon Rank Sum test. Categorical Variables compared using Chi-squared analysis or Fisher’s Exact. Statistical
significance is indicated as follows: *p < 0.05; **p < 0.01.
Abbreviations: IOP, intraocular pressure; SE, spherical equivalent; VL, vitreous loss; IQR, interquartile range; PCR, posterior capsule rupture.

were right eyes (50.4%) and 1°349 were left eyes (49.6%). In total, 52 eyes (1.9%) experienced PCR and/or VL during
cataract surgery. PCR occurred in 45 eyes, including 5 eyes with concomitant VL. 7 additional eyes showed isolated VL

secondary to zonulolysis.
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In univariate analysis, several factors showed a statistically significant association with intraoperative complications
(Table 2). Notably, eyes with PEX had a significantly increased risk of PCR/VL compared to eyes without PEX (OR
2.72, 95% CI 1.40-5.24; p = 0.003). The TCS > 3 was also strongly associated with higher complication rates (OR 2.38,
95% CI 1.37-4.14; p = 0.002). Furthermore, topical anesthesia appeared to be protective, with a significantly lower
complication rate compared to general anesthesia (OR 0.51, 95% CI 0.29-0.89; p = 0.019).

In the multivariate model (Table 3), which included variables with p < 0.20 in the univariate analysis, PEX remained
an independent predictor of PCR/VL (OR 2.38, 95% CI 1.19-4.72; p = 0.013). The association between TCS >3 and
intraoperative complications persisted but did not reach formal statistical significance (OR 1.79, 95% CI 0.98-3.25; p =
0.057). The protective effect of topical anesthesia was no longer significant after adjustment (OR 0.65, 95% CI
0.36-1.17; p = 0.15).

Patient age, including higher age categories (>80 or >90 years), did not show a significant association with PCR/VL
in either uni- or multivariate analysis. Similarly, axial length was not a significant predictor of intraoperative
complications.

Table 2 \Univariate Logistic Regression Analysis of
Preoperative Risk Factors Associated with PCR and/or VL

Variables PCR/VL Univariate
N (%) OR (95% CI)* | p-value

Age Categories (n, %)

< 60 6 (2.36) REF

60-69 8 (1.31) | 0.55(0.19, 1.59) 0.27

70-79 19 (1.70) | 0.72 (0.28, 1.81) 0.48

80-89 16 (2.40) | 1.02 (0.39, 2.63) 0.97

>90 3(4.29) | 1.85(0.45, 7.59) 0.39
PseudoExfoliation

No 40 (1.64) REF

Yes 12 (4.33) | 2.72 (1.40, 5.24) | 0.003**
Anesthesia Type (n, %)

General 27 (2.74) REF

Topical 24 (1.43) | 0.51 (0.29,0.89) | 0.019*

Other 1 (1.85) | 0.67 (0.09, 5.02) 0.69
Cataract Score (n, %)

0 18 (1.41) | 0.59 (0.33, 1.06) 0.076

0-I 18 (1.39) | 0.58 (0.32,1.03) 0.062

0-2 24 (1.32) | 0.42 (0.24, 0.72) | 0.002**

>3 28 (3.10) | 2.38 (1.37,4.13) | 0.002%*

=4 24 (3.31) | 2.41 (1.38,4.18) | 0.002**

=5 19 (3.58) | 2.42 (1.37,4.29) | 0.002%*
Axial Length (n, %)

<23 14 (1.87) REF

23-<24 13 (1.43) | 0.76 (0.36, 1.63) 0.48

24-<25 14 (2.58) | 1.39 (0.66, 2.93) 0.39

25-<26 5(2.39) | 1.28 (0.46, 3.60) 0.63

>26 6 (1.92) | 1.03 (0.39, 2.69) 0.96

Notes: “Univariate logistic regression without adjustments for covariates.
Statistical significance is indicated as follows: *p < 0.05; **p < 0.01.
Abbreviations: OR, Odds ratio; REF, Reference; PCR, posterior capsule rup-
ture; VL, vitreous loss; Cl, confidence interval.
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Table 3 Multivariate Logistic Regression Analysis of Independent Risk Factors for PCR

and/or VL
Variables PCR/VL Univariate Multivariable
N (%) OR (95% CI)® | p-value | OR (95% CI)® | p-value

Age Categories (n, %)

<60 6 (2.36) REF

60-69 8 (1.31) | 0.55(0.19, 1.59) 0.27

70-79 19 (1.70) | 0.72 (0.28, 1.81) 0.48

80-89 16 (2.40) | 1.02 (0.39, 2.63) 0.97

>90 3(429) | 1.85(0.45, 7.59) 0.39
PseudoExfoliation

No 40 (1.64) REF REF

Yes 12 (4.33) | 2.72 (1.40, 5.24) | 0.003** | 2.38 (I.19, 4.72) | 0.013*
Anesthesia Type (n, %)

General 27 (2.74) REF REF

Topical 24 (1.43) | 0.51 (0.29,0.89) | 0.019* | 0.65 (0.36, 1.17) 0.15

Other | (1.85) | 0.67 (0.09, 5.02) 0.69 0.46 (0.06, 3.54) 0.46
Cataract Score (n, %)

0-2 24 (1.32) REF REF

23 28 (3.10) | 2.38 (1.37,4.14) | 0.002** | 1.79 (0.98, 3.25) 0.057
Axial Length (n, %)

<24 27 (1.63) REF REF

224 25 (2.35) | 1.45 (0.84, 2.51) 0.18 1.48 (0.85, 2.58) 0.17

Notes: *Univariate logistic regression without adjustments for covariates. “Multivariable logistic regression. The
model only included variables that had p < 0.20 in the univariate analysis. While not statistically significant, there are
some OR'’s that may warrant discussion. Statistical significance is indicated as follows: *p < 0.05; **p < 0.01.
Abbreviations: OR, Odds ratio; REF, Reference; PCR, posterior capsule rupture; VL, vitreous loss; Cl, confidence
interval.

Discussion

In this retrospective single-center study, performed at a large Swiss public hospital, the overall incidence of PCR and/or
VL during cataract surgery was 1.9%. This rate is in line with international benchmarks from high-volume institutions
and reflects a high standard of surgical care in the context of a publicly funded tertiary care setting.'>** Despite
advancements in surgical techniques and equipment, these complications remain a key factor for surgical safety and
quality of care in cataract surgery.

While many established risk factors for PCR and VL have been described previously, the present study provides real-
world benchmark data from a large Swiss public tertiary center within a clinical setting that has been underrepresented in
the literature thus far. Our findings confirm the clinical significance of PEX as an independent risk factor for
intraoperative complications.'®'” Even after adjustment for other covariates, eyes with visible PEX had more than
double the odds of developing PCR and/or VL. This observation is consistent with prior reports and likely reflects
underlying zonular weakness associated with PEX pathology. In contrast, other factors that have been highlighted in the
literature, such as advanced age or increased axial length, did not reach statistical significance in our cohort. This may be
due to differences in patient demographics or case selection.

As a secondary and exploratory analysis, we evaluated the association between a locally adapted risk stratification system,
the TCS, and intraoperative complications. The TCS was previously introduced at our institution to support surgical planning
and case allocation. While a TCS > 3 was associated with a higher complication rate in univariate analysis, the association did
not reach statistical significance in the multivariate model (p = 0.057). This may in part reflect the inclusion of multiple
individual risk factors, such as PEX, small pupils, or poor visibility that are already embedded in the score itself. Importantly,
the present study was not designed to formally assess or validate the predictive performance of the TCS. Therefore, the
observed trends should be interpreted as hypothesis-generating rather than confirmatory. While these findings provide

6 https: Clinical Ophthalmology 2026:20



Spitznagel et al

contextual insights into the potential role of structured preoperative risk stratification tools in routine clinical practice, further
prospective and multicenter studies are required to evaluate their predictive capacity and clinical utility.

The increased risk of complications associated with procedures performed under general anesthesia, as observed in
the univariate analysis, is likely attributable to the fact that more complex cases are preferentially scheduled for general
rather than local anesthesia. However, in the multivariate analysis, no definite association could be established between
the type of anesthesia and the occurrence of complications.

Several studies have indicated an increased risk of PCR and/or VL in older patients (over 80 or 90 years of age).®'®
While the point estimate in our study (odds ratio: 1.85 in patients over 90 years) suggests a potentially elevated risk, the
wide confidence interval (0.45-7.59) does not allow for a definitive conclusion, likely due to the small sample size in this
age group and the low event rate.

It is important to point to the several limitations of the study. First, its retrospective design may introduce
documentation bias, particularly with respect to the accurate reporting of intraoperative events. To mitigate this risk,
intraoperative complications were identified based on standardized digital surgical reports and were additionally cross-
checked by manual review of operative notes and clinical records.

Second, as novice surgeons were excluded, heterogeneity in surgical experience was maintained among the study
population. More detailed assessment of surgical hierarchy or learning curves was not feasible due to limitations in the
available retrospective data; therefore, surgeon-specific variables were not explored in detail. Third, our dataset did not permit
stratified analyses of postoperative visual outcomes or postoperative complications such as endophthalmitis, as these data are
not included in our registry due to the fact that the majority of patients are referred back to their private ophthalmologist
following an uneventful initial postoperative follow-up visit. Thus, potential differential effects of PCR and/or VL on visual
prognosis across clinically relevant subgroups (eg, by age, preexisting ocular pathology etc.) and other postoperative
complications could not be evaluated. Such analyses would have offered a deeper understanding of the broader clinical
relevance of these intraoperative complications. Finally, the relatively low number of intraoperative complication events may
have limited statistical power and increase the risk of Type II error, particularly in multivariable analyses.

Despite its limitations, this study contributes meaningful real-world data on the incidence and risk factors of
intraoperative complications in cataract surgery within a high-volume, public Swiss tertiary care center. The identifica-
tion of PEX as a significant risk factor reinforces the importance of careful preoperative assessment, and the exploratory
analysis of the TCS highlights the potential benefit of structured, patient-specific risk stratification tools in routine
surgical planning and the training of cataract surgeons.

Conclusion

In conclusion, PCR and VL remain clinically relevant intraoperative complications, occurring in approximately 1.9% of
cataract surgeries."”®®* Our findings highlight the importance of thorough preoperative risk assessment, particularly
regarding PEX, and support the integration of structured risk stratification approaches into everyday surgical decision-
making. Future prospective and multicenter studies are required to further evaluate the role and clinical utility of the TCS
to link intraoperative complications with postoperative visual and refractive outcomes.
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