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Introduction: This study evaluates the impact of a modified risk stratification system on intraoperative complication rates in cataract
surgeries conducted at a Swiss Public Hospital.

Methods: In this retrospective study cataract surgeries were analyzed before and after implementation of the Triemli Cataract Score
(TCS) at a public referral hospital. The TCS was utilized to classify patients preoperatively based on their risk profile, categorizing
cases into three levels of complexity: “routine”, “complex”, and “highly complex”. The primary endpoint is the frequency of
intraoperative complications pre-/post-TCS implementation, as well as alignment with the designated risk groups.

Results: A total of 1776 eyes were included in the study, with 704 eyes (39.6%) assessed prior to and 1072 (60.4%) post-TCS
implementation. Overall, intraoperative complications were observed in 146 surgeries (8.2%), with a higher incidence observed before
(9.5%) compared to post-TCS (7.4%; p=0.054). Post-TCS, 625 (63.2%) were classified as “routine”, 250 eyes (25.3%) as “complex”,
and 113 eyes (11.4%) as “highly complex”, based on their risk factors. The intraoperative complication rate varied significantly among
these groups (p=0.014): the lowest rate was seen in the routine group (5.6%), followed by the highly complex group (8.8%), and the
highest in the complex group (11.2%).

Discussion: Implementing a risk stratification system for cataract surgery enables efficient and consistent preoperative categorization of
patients into defined risk groups. This approach has the potential to reduce intraoperative complications, improve the comparability of study
outcomes, streamline the classification process for surgeons, and establish structured checkpoints for training ophthalmic surgeons.
Keywords: cataract surgery, risk stratification, cataract score, intraoperative complications

Introduction

Since its inception, cataract surgery has evolved rapidly, becoming the most frequently performed surgery worldwide.'~
Advances in technology and the refinement of phacoemulsification techniques have transformed it into a primarily outpatient
procedure, yielding better visual and refractive outcome alongside a substantial reduction in intraoperative complications.*
Although phacoemulsification with intraocular lens implantation is generally considered routine, with intraoperative
complication rates between 3—10% have been reported depending on institutional, geographic, and surgeon-related factors,
it remains technically demanding, with minimal margin for error.” '® While most adverse events are transient or pose little

threat to vision, some may result in significant, long-term visual impairment.'' Several risk stratification systems for cataract
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surgery have been developed and effectively implemented.'>'"® A widely adopted stratification model was introduced by
Muhtaseb et al, based on an analysis of intraoperative complications in 1441 cataract surgeries.'*'® This model identifies
anatomical and demographic risk factors - including age, ametropia, previous surgeries (eg, vitrectomy), corneal scarring,
pupil size, anterior chamber depth, pseudoexfoliation, cataract stage and phakodonesis — each linked to a higher likelihood of
complications, such as posterior capsule rupture. Each factor assigned a point value based on its potential to increase surgical
risk, resulting in a cumulative score that categorizes patients into one of four risk groups. This system supports (1) improved
preoperative counseling for individual patients; (2) allocation of patients to surgeons based on patient risk profile, and (3)
risk-adjusted comparisons of outcomes across surgeons and institutions.

In 2019, a preoperative risk stratification system was incorporated into the routine preoperative assessment of patients
referred for cataract surgery at Stadtspital Ziirich. Multiple existing risk stratification models were evaluated using two
key criteria: (1) practicality for use in an outpatient setting, and (2) ability to reliably differentiate between low-risk cases
and those with complex or highly complex profiles. The scoring system proposed by Muhtaseb et al was selected as the
most suitable foundation and was subsequently modified to better align with the hospital’s specific needs.'

This study aims to evaluate the impact of implementing the modified risk stratification system in daily practice within a public
hospital setting. Additionally, it seeks to investigate the correlation between cataract risk scores and the rates of intra- and
postoperative complication.

Methods

This single-center, retrospective, comparative clinical study was conducted at the public eye hospital Stadtspital Ziirich,
Zurich, Switzerland, including surgeries performed between January 2019 and December 2022. For this study a positive
vote of the institutional ethics committee (Ethics Committee of the Canton of Zurich [KEK-ZH], number 2023-01867)
was obtained. The study was conducted in adherence to the Declaration of Helsinki and all applicable Swiss laws. All
patients included in this study provided general consent for the use of non-personal data for scientific purposes.

Inclusion and Exclusion Criteria
This study included only patients who underwent phacoemulsification cataract surgery with planned in-the-bag implantation of an
injectable, foldable IOL, performed by two high-volume cataract surgeons with consultant status (M.B., F.H.) at Stadtspital
Ziirich, Switzerland between January 2019 and December 2022. Only cases with complete datasets were considered for the
analysis. Different anesthesia types were considered, including topical, sub-Tenon’s, peribulbar anesthesia, and general anesthesia
based on surgeon preference.

Cases were excluded if they involved refractive lens exchange, IOL exchange, secondary IOL explantation, and
combined surgeries, such as phacovitrectomy, phacoemulsification with glaucoma surgery, or explantation of a phakic
intraocular lens alongside cataract surgery. Teaching surgeries were excluded in the study. To reduce biases from less

experienced surgeons, surgeries performed by any surgeon other than the two designated surgeons were also excluded.

Intraocular Lens Types

The majority IOL types were the Zeiss Asphina S09MP (Carl Zeiss Meditec AG, Jena, Germany), accounting for 86.64%
of all IOLs. Other IOLs included the MAS0BM (Alcon, Fort Worth, TX, USA; 2.97%), PhysIOL Micropure (1.35%),
PhysIOL ANKORIS toric (0.94%) (PhysIOL S.A., Li¢ge, Belgium), Zeiss Asphina 509M (0.67%), CLAREON CNAOTO
(Alcon; 0.40%), Ophtec Artiflex (Ophtec BV, Groningen, Netherlands; 0.80%), and other models including Kowa 3PC,
Kowa One-piece (Kowa Company, Ltd., Nagoya, Japan), MA60MA (Alcon), Isopure (PhysIOL), SA6OWF (Alcon), and
AT Torbi 70OMP/M (Zeiss), each comprising <0.27% of the total.

Endpoints
The primary endpoint was the incidence of intraoperative complications before and after implementing the TCS. Post-
implementation, intraoperative complications were further analyzed according to the designated risk groups based on the TCS.
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Data Collection and Database

In this study, data from cataract surgeries were initially collected manually from electronic health records and surgical reports for
cases between January 2019 and December 2020. In December 2019, an electronic database for ophthalmic operations was
introduced, utilizing the Intellect database (Dendrite Clinical Systems, Reading, United Kingdom) to provide a fully auditable
platform for clinical data management. From January 2021 to December 2022, data were directly exported from the Dendrite
database, allowing for more streamlined and accurate data handling. During this period, 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, follow-up clinical notes, and health questionnaire responses
completed by the patients. All data entries were carefully managed by a data manager from our study center and quality assurance
team, ensuring accuracy and consistency.

Intraoperative complications were classified into specific categories, including iris trauma, zonular lysis, posterior
capsular rupture, vitreous loss, nuclear loss, anterior capsular tear, hemorrhage and other specified issues, which were
extracted from the surgery report by the data manager.

Postoperative complications were documented with similar detail, including raised intraocular pressure (IOP), ptosis,
external eye infection, intraocular hypotony, wound dehiscence, endophthalmitis, corneal edema, and other complications
to be specified. However, as postoperative follow-ups for some patients were conducted by their private ophthalmolo-
gists, not all postoperative complications may have been fully captured in this documentation.

Triemli Cataract Score

To develop the Triemli Cataract Score (TCS), we conducted an extensive literature review on existing risk stratification
systems and common intra-/postoperative complications in phacoemulsification cataract surgery. This review, combined
with clinical experience, led to modifications of the Muhtaseb et al score and the New Zealand Cataract Risk
Stratification (NZCRS) scoring system.ls’”’ In the TCS (Table 1), each ocular or systemic comorbidity and patient

Table | Triemli Cataract Risk Stratification Score

Risk Factors Points

Advanced glaucoma

Short eye (AC < 2.5 mm; or AL < 20 mm)
Dense corneal scarring

Dense Cataract/no fundus view
Small pupil/synechia
Pseudoexfoliation/zonular weakness
Floppy Iris (tamsulosin)

Posterior polar cataract

Hypotony (< 6 mmHg)

Age > 90 (or < 50)

Axial length > 28 mm

Previous vitrectomy

Capsule rupture at the fellow eye

V. 1 W W N N N NNWLHDDDNNDN

Only eye

Patient positioning difficulties*
Tremor*

Claustrophobia*

N N NN

Deafness/language difficulties™

Experienced surgeon assists -4

Notes: *Only applicable when surgery is performed under local anaesthesia. Summary of risk
factors and corresponding points in the modified Triemli Cataract Score (TCS) for preopera-
tive assessment. Factors such as advanced glaucoma, small eye dimensions, and dense cataracts
are included, with higher points indicating increased surgical complexity. Factors marked with
an asterisk (*) apply only under local anesthesia. An experienced surgeon assisting reduces the
total score by 4 points.
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factor is assigned 2 to 5 points, with higher scores indicating an increased risk for intra- or postoperative complications.
In contrast to the two aforementioned risk stratification system (RSS), the TCS accounts for specific risk factors such as
hypotony and advanced glaucoma, each assigned 2 points. Advanced glaucoma was included due to its known
association with zonular weakness, while hypotony (<6 mmHg) increases the risk of intraoperative instability.
Additionally, cases with a history of capsular rupture in the fellow eye or those involving a single functioning eye
receive 5 points. However, posterior capsule plaque is not included in this score. For surgeries performed under local
anesthesia, factors such as patient positioning difficulties, tremors, claustrophobia, and language or hearing impairments
were considered, as these could impact the procedure. These considerations do not apply for surgeries using peribulbar or
general anesthesia.

The patient’s clinical records were reviewed prior to surgery, and a “cataract score”, representing an aggregated
preoperative risk score, was calculated individually by either the surgeon or resident. The risk classification was
organized into three categories: 0—3 points indicated a routine procedure, 3—5 points signified a complex procedure,
and >5 points indicated a highly complex procedure. The purpose of the TCS modification was to be as specific as
possible with regards to allocating cases into the “routine” and “highly complex” groups, as these patients were felt to be
most at risk in case of an incorrect risk group allocation. Surgeons were instructed to enter the operative report directly
into the electronic medical record, with intraoperative complications documented in a dedicated field.

Statistical Analysis
The surgeries were divided into two groups: pre-TCS surgery and post-TCS surgery. Supplementary Figure 1 presents the

distributions of continuous predictors, namely age (A) and cataract score (B). Differences between these groups were
evaluated using the Wilcoxon signed rank test for numerical values, and the chi-squared test or Fisher’s exact test for
categorical variables. Both univariable and multivariable logistic regression models were created to assess the association
between TCS implementation and intra- and postoperative complications. The multivariable models were adjusted for
age, sex, eye side, lead surgeon, and type of anesthesia, with coefficients converted to odds ratios (OR) to facilitate
interpretation. A p-value below 0.05 was considered statistically significant.

Only patients with a TCS were included in the analysis to compare outcome across routine, complex, and highly
complex surgery groups. Differences between these complexity groups were evaluated using the statistical methods
described above. All statistical analyses were performed using R version 4.3.1 (R Core Team, Vienna, Austria),
employing the “stats”, “gtsummary” and “ggplot2” packages.'” We illustrated the theoretically achievable power of
the study across a range of odds ratios to show which effect sizes could be reliably detected given the sample size and
event rate (Supplementary Figure 2).

Results

A total of 1776 eyes were included in the analysis, with 741 eyes assessed pre- and 1035 eyes post-TCS. The median age
of the cohort was 74.57 years (interquartile range [IQR]: 66.55, 80.90 years). Among the patients, 937 male (52.8%) and
839 female (47.2%) underwent surgery. Of the total eyes operated, 881 were right eyes (49.6%) and 895 were left eyes
(50.4%). The surgeries were distributed unevenly between the two surgeons, with one surgeon performing a larger share
of the surgeries (1283 surgeries, 72.2%) compared to the other (493, 27.8%). Overall, intraoperative complications
occurred in 146 cases (8.2%) and postoperative complications were noted in 476 cases (28.6%). Table 2 provides an
overview of the baseline demographics, along with a comparison of demographics pre- and post-TCS.

The overall intraoperative complication rate for all 1776 analyzed surgeries was 8.2%, with a rate of 9.5% observed
pre-TCS and 7.4% after. However, the difference between the two groups was not statistically significant (p=0.123).
Table 3 presents a summary of the various intraoperative complication types across both groups. In the multivariate
logistic regression analysis, the TCS implementation resulted in an odds ratio (OR) of 0.71 for intraoperative complica-
tions (95% confidence interval [CI]: 0.50, 1.01, p=0.054). Additionally, no significant correlation was found between age
and intraoperative complications (OR = 1.00, 95% CI: 0.87, 1.72, p>0.90), nor between male sex and intraoperative
complications (OR = 1.22, 95% CI: 0.87, 1.72, p=0.30). The intraoperative complication rate was not statistically
significantly associated with the type of anesthesia used (local vs general), with an OR of 0.77 (0.39, 1.49, p=0.40).
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Table 2 Demographics and Clinical Characteristics Before and After Implementation of the Triemli
Cataract Score

Characteristics Overall Before After p-value®
(n=1776) (n=704) (n=1072)
Age (years), median (IQR) 74.6 (66.5,80.9) | 76.7 (68.7,81.8) | 73.2[65.8,79.7] | <0.001*
Gender (female), n (%) 839 (47.2) 328 (46.6) 511 (47.7) 0.692
Eye (right eye), n (%) 881 (49.6) 348 (49.4) 533 (49.7) 0.944
Anesthesia (topical), n (%) 703 (39.6) 250 (35.5) 63.1 (x14.7) 0.005*
Intraoperative complications, n (%) 146 (8.2) 67 (9.5) 79 (7.4) 0.054
Postoperative complications, n (%) 475 (28.6) 188 (27.6) 287 (29.3) 0.494
Preop. DCVA in logMAR, median (IQR) | 0.30 (0.20, 0.50) | 0.30 (0.22, 0.50) | 0.30 (0.20, 0.60) 0.601

Notes: *p-value was calculated using the Chi-square test or fishers exact test as appropriate. Statistically significant values are
marked with an asterisk (¥).

Abbreviations: DCVA, distance-corrected visual acuity; IQR, interquartile range; logMAR, logarithm of the minimal angle of
resolution.

Table 3 Intraoperative Complications Before and After
Implementation of the Triemli Cataract Score

Before After p-value®

(n=704) | (n=1072)
Iris trauma, n (%) 6 (0.85) 6 (0.56) 0.4
Zonular lysis, n (%) 21 (2.98) | 20 (1.86) 0.14
Anterior capsule rupture, n (%) 7 (0.99) 8 (0.75) 0.4
Posterior capsule rupture, n (%) | 22 (3.12) | 28 (2.61) 0.3
Vitreous prolapse, n (%) 3 (0.43) 8 (0.75) 0.4
Dropped nucleus, n (%) 1 (0.14) 6 (0.56) 0.3
Hemorrhage, n (%) 0 (0.0 4 (0.37) >0.9
Other, n (%) 7 (0.99) 15 (1.40) 0.4

Notes: *p-value was calculated using the Chi-square test or fishers exact test as
appropriate.

Abbreviations: DCVA, distance-corrected visual acuity; IQR, interquartile range;
logMAR, logarithm of the minimal angle of resolution.

The distribution of operated eyes across the risk groups included 625 eyes in the “routine” group (63.2%), 250 in the
“complex” group (25.3%), and 113 in the “highly complex” group (11.4%). The intraoperative complication rate differed
significantly among these groups (p=0.014), with the lowest incidence in the routine group (5.6%), followed by the
highly complex group (8.8%), and the highest in the complex group (11.2%) (Table 4).

Group-specific intraoperative complication rates are detailed in Table 4. With regard to postoperative complications,
there was a notable increase in complication rates across the risk groups (p<0.001), as shown in Table 4.

Similarly, the duration of surgeries correspondingly increased with the complexity of the risk groups, as illustrated in
Figure 1.

Discussion
Risk stratification systems (RSS) in medicine enable individualized clinical care, preventive strategies, and efficient
resource allocation.'® The implementation is anticipated to enhance the quality of care while potentially reducing
healthcare costs.'®

In cataract surgery, several preoperative RSS have been developed to identify high-risk patients and reduce the
likelihood of intraoperative complications.'>!'®'*! Muhtaseb et al’s RSS has gained international recognition and has
been validated in multiple studies.'>**?* Subsequent modifications have aimed further reducing complication rates. For
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Table 4 Demographics, Clinical Characteristics, Intraoperative and Postoperative Complications Across the Risk

Groups

Routine Complex Highly Complex | p-value®

(n=625) (n=250) (n=113)
Age (years), median (IQR) 73.2 (67.6,79.5) | 73.4 (62.9,79.7) | 77.7 (67.2, 84.5) 0.001*
Gender (female), n (%) 273 (43.7) 127 (50.8) 67 (59.3) 0.004*
Eye (right eye), n (%) 313 (50.1) 122 (48.8) 52 (46.0) 0.717
Anesthesia (topical), n (%) 352 (56.3) 78 (31.2) 15 (13.3) <0.001*
Intraoperative complications, n (%) 35 (5.6) 28 (11.2) 10 (8.8) 0.014*
Postoperative complications, n (%) 147 (26.0) 74 (32.5) 47 (45.2) <0.001*
Preop. DCVA in logMAR, median (IQR) 0.30 (0.20, 0.40) | 0.40 (0.20, 0.70) | 0.60 (0.40, 1.48) <0.001*
Postop. DCVA in logMAR, median (IQR) 0.20 (0.00, 0.30) | 0.20 (0.10, 0.50) | 0.30 (0.20, 0.72) <0.001*
Intraoperative complications (total), n (%) 35 (5.60) 28 (11.20) 10 (8.85) 0.014*
Iris trauma, n (%) 5 (0.80) 0 (0.00) | (0.88) 0.358
Zonular lysis, n (%) 10 (1.60) 4 (1.60) 5 (442) 0.120
Anterior capsule rupture, n (%) 5 (0.80) 3 (1.20) 0 (0.00) 0.277
Posterior capsule rupture, n (%) 12 (1.92) 9 (3.60) 4 (3.54) 0.497
Vitreous prolapse, n (%) 0 (0.00) 4 (1.60) 2 (1.66) 0.005
Dropped nucleus, n (%) 0 (0.00) 4 (1.60) 2 (1.66) 0.005
Hemorrhage, n (%) 1 (0.16) 2 (0.80) 0 (0.00) 0.246
Other, n (%) 6 (0.96) 7 (2.80) 0 (0.00) 0.042
Postoperative complications (total), n (%) 147 (23.50) 74 (29.60) 47 (41.59) <0.001
Hypotonia, n (%) 0 (0.00) | (0.40) 0 (0.00) 0.228
Raised intraocular pressure, n (%) 43 (6.88) 16 (6.40) 12 (10.62) 0314
Corneal edema, n (%) 96 (15.36) 56 (22.40) 37 (32.74) <0.001
Hyphaema, n (%) 1 (0.16) | (0.40) 2 (1.77) 0.046
Vitreous prolapse, n (%) 0 (0.00) 4 (1.60) 2 (1.77) 0.228
Other, n (%) 62 (4.16) 8 (3.20) 6 (5.31) 0.623

Notes: *p-value was calculated using the Chi-square test or fishers exact test as appropriate. Statistically significant values are marked with an
asterisk (¥).

Abbreviations: DCVA, distance-corrected visual acuity; IQR, interquartile range; logMAR, logarithm of the minimal angle of resolution.

example, the NZCRS system was specifically adapted for public training hospitals.'® Muhtaseb’s RSS assigns points to
key risk factors to categorize patients by cumulative score, while the NZCRS system incorporates three additional
factors, enabling a refined classification between “low risk” and “high-risk” patients.'>'®

The TCS further refined this system by incorporating additional factors specific to complex cases. For instance,
advanced glaucoma is included as a risk factor, recognizing the elevated risk for zonulopathy.**** In the TCS, “high
ametropia” is replaced by criteria such as an axial length greater than 28 mm, a shallow anterior chamber (< 2.5 mm), or
an axial length under 20 mm as significant risk factors.>?” Furthermore, the TCS assigns five points if a capsular rupture
has previously occurred in the fellow eye, acknowledging the markedly increased risk in such cases.”® Ocular hypoten-
sion (< 6 mmHg) is also considered a risk factor in the TCS.”

For cases performed under local anesthesia, the TCS includes specific patient factors—such as positioning difficulties,
tremors, claustrophobia, deafness, or language barriers—that may complicate the procedure. These factors are not
applicable to surgeries conducted under general anesthesia. Routine procedures are recommended for less experienced
surgeons, while complex and highly complex cases should be allocated to more experienced surgeons. In addition to
streamlining the assignment of appropriate surgeons, the three distinct risk groups can serve as valuable checkpoints in
training. This approach could facilitate safer training environments and help emerging surgeons gain experience with
appropriate cases. Further research on the impact of TCS on surgical training outcomes and skill development would be
valuable.

https:
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Figure | Violin plots of operating times for single phacoemulsification procedures classified according to preoperative risk group (routine, complex and highly complex)
showed that the latter two groups were statistically significantly longer than routine procedures, with no statistically significant difference between the complex and highly
complex groups.

The TCS also holds value in reporting outcomes and benchmarking, as it enables standardized differentiation between
routine and complex cases, making it easier to compare results across clinics and studies.

PCR is a widely recognized metric for RSS performance. While PCR did not differ significantly between groups, its
observed trend supports proper case allocation by the TCS. The lack of statistical significance may reflect low event rates
or effective surgeon allocation strategies.

By differentiating cases based on complexity, the TCS may provide a framework for more precise resource allocation.
Highly complex cases, associated with higher complication rates and potentially longer operative times, could justify
adjustments in procedural costs and reimbursement rates. A future cost-benefit analysis could evaluate whether this risk-
adjusted approach leads to more efficient use of resources and potentially reduces overall healthcare costs by preemp-
tively addressing high-risk factors. With clear categorization into risk groups, the TCS enables more informed pre-
operative counseling. Surgeons can better communicate potential risks to patients based on their specific profiles, helping
to manage patient expectations and improve satisfaction. Additionally, discussing risk stratification may enhance patient
confidence in the surgical plan, particularly in high-risk cases. Future studies could explore patient satisfaction metrics in
relation to preoperative risk discussions using TCS.

In this retrospective study, 1776 cataract surgeries were analyzed, comprising 704 cases before and 1072 after the
implementation of TCS. The intraoperative complication rate was 9.5% before TCS and 7.4% after its introduction. This
difference resulted in a p-value of 0.054. Although not statistically significant by conventional thresholds, the calculated
odds ratio of 0.71 (95% CI: 0.50-1.01; p=0.054) may indicate a potential trend toward reduced risk. Nevertheless, given
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the high number of cataract surgeries performed globally, a 2.1% reduction is considered to be clinically relevant.
Specific reductions were observed in the occurrence of zonular lysis (by just over 1%) and posterior capsule rupture (by
0.5%), though these decreases were not statistically significant (p>0.05, for each). It is notable that the pre-TCS group
exhibited a statistically significant higher median age than the post-TCS group (76.7 vs 73.2 years, p<0.001), which may
have influenced outcomes. A study by Han et al supports the value of RSS: the intraoperative complication rate was 8.1%
without an RSS, which dropped to 6.11% with the Muhtaseb RSS and further to 5.2% with the modified NZCRS. "'
Unfortunately, our data set lacks pre-implementation risk group categorization, limiting a direct comparison of surgical
complexity before and after TCS introduction. We hypothesize that the observed reduction in intraoperative complica-
tions may partly be attributed to the Hawthorne effect, where individuals—in this case, surgeons—modify their behavior
when they know they are being observed. However, the retrospective design of this study likely minimized the influence
of the Hawthorne effect. Our findings are partially in line with Moussa et al, who demonstrated improved outcomes with
resident case allocation using preoperative RSS.?* Unlike their focus on resident surgeries, our system was applied in
a real-world public hospital setting with experienced surgeons.

The statistically significantly lower postoperative DCVA (p<0.001) observed post-TCS likely reflects changes in
follow-up care, as recent follow-ups were primarily handled by the referring ophthalmologists. Residual keratopathy
identified during these intervals may have contributed to the DCVA reduction. While TCS implementation did not have
statistically significant impact postoperative complication rates, it is important to note that inconsistent follow-up across
patients limits our ability to make direct comparisons.

Post-TCS, the intraoperative complication rates exhibited a notable disparity across the three groups (p = 0.014), The
lowest complication rate was in the routine group (5.6%), followed by the highly complex group (8.8%), and the highest
rate was observed in the complex group (11.2%). The difference in intraoperative complication rates among the risk
groups underlines the importance of risk stratification. This finding reinforces the value of the TCS in identifying higher-
risk patients who may benefit from additional preoperative planning and experienced surgical teams. Additionally, the
unexpected higher rate in the complex group compared to the highly complex group may suggest nuances in case
complexity that the TCS could refine further. Further validation is required to optimize the discriminatory power of the
individual criteria and groups. This is necessary to verify the correct application of the score in clinical practice. The TCS
presented was further adapted to simplify it. This could eliminate weak points of the score, such as the fact that some
criteria overlap (eg long/short axis length and high ametropia). Nevertheless, the outcome of the recently updated TCS is
not yet forthcoming.

A key strength of this study is the large sample size of cataract surgeries analyzed, which enhances the reliability of
the findings. Additionally, only surgeries performed by two experienced surgeons were included, eliminating potential
variability from less experienced surgeons or teaching cases. As a result, the intraoperative complications can be
attributed with greater accuracy to the identified risk groups. Moreover, this study reflects real-world outcomes in
a public teaching hospital setting.

However, the study has certain limitations, notably the inability to directly compare the pre- and post-TCS patient
cohorts due to missing data on risk factor profiles pre-TCS. A further limitation is the absence of postoperative auditing
of the score by an experienced surgeon. As surgeries were performed by only two experienced surgeons, this may limit
generalizability. While we aimed to reduce bias by including only experienced surgeons, stratification by surgeon
experience would provide additional insights, particularly regarding score impact on less experienced surgeons.
Additionally, the cases were not distributed equitably between the two surgeons, and the postoperative data were not
recorded in a systematic and uniform manner. To address these limitations and verify the practicality of the TCS, we
recommend conducting prospective studies that will enable further adaptation and validation of this risk stratification
system.

To conclude, the TCS implementation has demonstrated potential in enhancing preoperative risk stratification and
reducing intraoperative complication rates in cataract surgery within a public hospital setting. By categorizing patients
into distinct risk groups, the TCS allows for tailored surgical planning and patient counseling, optimized surgeon

allocation, and a structured approach to training. Although this retrospective study provides valuable insights, further
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prospective research is needed to fully validate the TCS and assess its long-term impact on surgical outcomes. Overall,
the TCS represents a promising tool to improve patient safety and resource allocation in cataract surgery.
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