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Short running head: Learning Curves in Robotic Liver Surgery



Abstract

Obijective

To evaluate the institutional learning curve of robotic liver resection (RLR), its association with
surgical complexity and outcomes in an international multicenter cohort.

Summary of Background Data

RLR is increasingly adopted worldwide, but the dynamics of the learning process and its impact
on surgical outcomes remain poorly defined.

Methods

This international, multicenter, retrospective cohort study included consecutive patients who
underwent RLR between 06/2013 and 12/2024 across 22 expert centers. Based on the first 150
cases at each center, three phases were used to define the learning curve: operative time for
competency, major complications for proficiency, and textbook outcome for mastery. Risk-
adjusted generalized additive models were used to assess the learning process. Benchmark
performance was compared to international reference values.

Results

Among 2,331 patients, the most common indications were hepatocellular carcinoma (36%),
benign lesions (23%) and colorectal liver metastases (21%). Operative time decreased after
achieving competency (case #62), from 240 to 220 minutes (P<0.001). Major morbidity reached
a plateau during the proficiency phase (cases #63-138; 9% vs. 11%, P=0.144), while progression
to mastery (cases #139-150) was associated with a higher rate of textbook outcome (76% vs.
87%, P=0.021). In contrast, conversion (5.1% vs. 4.9% vs. 2%), bile leak (4.0% vs. 5.3% vs.

3.8%), and 90-day mortality (0.7% vs. 0.9% vs. 0.9%) remained low and stable across all



learning phases. Importantly, benchmark criteria for operative time, hospital stay, and textbook
outcome were met across all complexity groups, including during the early learning phase.
Conclusions

Robotic liver surgery shows progressive outcome improvement with early achievement of
benchmark-level results and stable performance across increasing complexity. These findings
indicate that, in experienced centers, RLR can be safely implemented and integrated into clinical

practice, supporting its key role in modern hepatobiliary surgery.

Key words: Robotic Liver Resection; Learning Curve; Surgical Complexity; Minimally Invasive

Hepatectomy; Benchmark Outcomes



Introduction

Minimally invasive liver surgery (MILS) has progressively replaced open liver surgery,
supported by robust evidence demonstrating reduced morbidity, lower rates of postoperative
liver failure, and faster recovery(1-9). Recent consensus statements have established
recommendations for the safe implementation of robotic liver resection (RLR)(1).

The transition from open to minimally invasive approaches, referred to as the learning
curve, appears shorter for robotic than for laparoscopic liver surgery(10). Nevertheless, in
complex hepatectomies involving large tumors or proximity to major vascular structures,
approximately 50-60 of such difficult resections are required to achieve mastery (1,11,12).
Institutional pathways toward RLR vary; while some centers transitioned sequentially from open
to laparoscopic and then to robotic surgery, others adopted RLR directly. As a result, learning
trajectories are heterogeneous and influenced by institutional experience, availability of robotic
resources, case complexity, and team composition. A structured three-phase model (competency,
proficiency and mastery) has recently been proposed to standardize the learning process for
MILS (13).

A comprehensive evaluation of the RLR learning curve requires the inclusion of all
consecutive cases, as all contribute to learning and cannot be separated, to account for the
multitude of influencing factors(13-15). Understanding this process is critical for ensuring safe
implementation, guiding structured training and proctoring, and facilitating broader adoption of
RLR. Therefore, the aim of this study was to evaluate the learning curve of robotic liver surgery,
independent of the extent of resection, within a large, retrospective, international multicenter

cohort(16).



Methods

Study Design

This international, multicenter study was conducted in accordance with the STROBE
guidelines(17). Twenty-two high-volume hepatobiliary centers across three continents
participated. Eligible institutions performed more than 80 liver resections annually and had prior
experience with at least 70 RLR. Consecutive patients undergoing RLR between June 2013 and
December 2024 were included. The study was approved by the Ethics Committee of

Northwestern Switzerland (EKNZ, BASEC-ID 2024-01787).

Inclusion and Exclusion Criteria

From the first institutional RLR, all consecutive patients undergoing robotic liver
resection for benign or malignant indications were included. Combined resections of any
difficulty were analyzed to reflect a realistic learning trajectory. Patients undergoing procedures

without liver parenchymal transection (e.g. cyst deroofing) were excluded.

Data Collection and Outcomes

Data was extracted from prospectively maintained institutional databases and
anonymized in a secure management platform. Collected parameters included demographic data,
underlying disease, tumor characteristics, prior treatments, surgical approach, extent of resection
classified according to the Brisbane classification (18) and a modified IWATE score categorized

as low (1-3), intermediate (4-6), advanced (7-9), or expert (10-11)(5,19).

Perioperative outcomes included operative time, conversion rates, morbidity and

mortality, assessed according to the Clavien—Dindo classification and the Comprehensive



Complication Index (CCI) up to 90 days postoperatively(20-23). Major complications were
defined as Clavien-Dindo grade > Illa. Liver-specific complications were categorized according
to the International Study Group of Liver Surgery (ISGLS) definitions for post-hepatectomy liver
failure (PHLF), post-hepatectomy hemorrhage (PHH), and bile leak (BL) (24—-26). Reoperation
rate, length of intensive care unit (ICU) stay, length of hospital stay (LOS) and 90-day
readmission were analyzed. Textbook outcome was defined according to Gorgec et al.(27).
Institutional variables included annual caseloads of open, laparoscopic, and robotic liver
resections. Surgeon-specific variables included overall and minimally invasive liver surgery
(MILS) experience. MILS specific training was defined as any form of external proctoring or

MILS specific fellowship.

Three phases of the learning curve

The competency learning curve was based on operative time, the proficiency learning
curve on major complications, and the mastery learning curve on textbook outcome, as

previously proposed by Kuemmerli et al. (13,28)

Benchmark Comparison

Surgical outcomes were compared to the multinational benchmark values for robotic liver
surgery, which were developed in low-risk patients. The low-risk, benchmark cohort included
patients with an American Society of Anesthesiology (ASA) classification <2, absence of major
comorbidities (recent myocardial infarction, advanced renal or obstructive pulmonary disease),
absence of portal hypertension (>10 mm Hg), and Child-Pugh A liver function. According to the

previous benchmark publication on robotic liver surgery, surgical complexity was classified



based on the IWATE score in low (0-3), intermediate (4-6), and high (7-12) surgical complexity

(15).

Statistical Analysis

Continuous variables are reported as means with standard deviation (SD) or medians with
interquartile range (IQR) as appropriate. Categorical variables are presented as frequencies and
percentages. Between-group comparisons were performed using the Student’s t-test or Mann—
Whitney U test for continuous variables, and the chi-square or Fisher’s exact test for categorical
variables, depending on sample size and data distribution. Analyses were performed using R

version 4.2.3 (R Foundation for Statistical Computing, Vienna, Austria).

Learning Curve Analysis

The learning curve analysis included the first 150 institutional RLRs. Adjusted
generalised additive models (GAM) were fit by using smoothing terms for procedures and
allowed penalized center-specific deviations from the global learning curve. Operative time was
right-skewed and followed a gamma distribution; a log link was used. Restricted maximum
likelihood was used to estimate smoothing parameters. Derivatives of the smooth function were
computed to quantify the rate of change in the outcome across the learning trajectory.
Derivatives were obtained from the fitted GAM using finite difference approximations. Positive
values indicate improvement, negative values indicate slowing, and values near zero indicate
periods of minimal change. Confidence intervals around the derivatives were used to identify

intervals where the rate of change differed significantly from zero. (8)



Results
Patient Demographics

Twenty-two centers from twelve countries contributed 2,331 patients, of whom 1,348
(57.8%) were male. The median age of these patients was 64 (IQR 55-73) years, and their
median body mass index was 26 (IQR 23-29) kg/m?2. The most frequent indications for RLR
were hepatocellular carcinoma (HCC) with 843 cases (36.2%), followed by 528 benign lesions
(22.7%), 494 patients with colorectal liver metastases (CRLM) (21.2%), and 208 patients with
cholangiocarcinoma (CC) (8.9%). The baseline characteristics of the population are shown in
Table 1.

According to the IWATE surgical complexity, 520 (22.3%) were low, 918 (39.4%)
intermediate, 620 (26.6%) advanced, and 273 (11.7%) expert resections. The most frequently
performed procedure was atypical minor resection in 807 patients (37.0%), followed by 518

technically major cases (23.8%), 361 major (16.6%), and 228 left lateral resections (10.5%).

Institution- and surgeon-specific Characteristics

Surgeons in 15 of 22 centers had undergone specific MILS training (71.4%), and 19
centers had substantial prior experience in laparoscopic liver surgery (90.5%). The annual
institutional volume of liver resections was 135 cases (IQR 100-200), with 55 robotic liver
resections (IQR 36-78). The annual volume per surgeon was 50 cases (IQR 40-100) with 30

(IQR 17-39) robotic liver resections.

Evolution of complexity and outcomes along the learning curve



Along the learning curve, the proportions of low-difficulty and expert cases remained
stable. However, there was an expansion of advanced cases rising from 23% during the first 50
cases to 31% from cases 100-150 (P<0.001) (Figure 1). The risk-adjusted learning curve
analysis of the overall cohort for operative time, BL, textbook outcome, and major complications

is shown in Figure 2.

Learning curve

Competency

The analysis of operative time revealed a cutoff for competency at 62 procedures.
Operative time decreased from 240 minutes (171-340) before this point to 221 minutes (150-
325) thereafter (p=0.001). The rates of conversion (5.1% vs. 5.1%; p=1.000), BL (2.5% vs.
3.3%; p=0.858) and R1 resections (8.3% vs. 7.3%; p=0.479) did not significantly change before
and after reaching competency. The rate of major complications (9.4% vs. 11.6%; p=0.133) was
similar and LOS decreased (5 days (3-7) vs. 4 days (3-7); p=0.002) after reaching competency

(Table 1).

Proficiency and Mastery

The risk-adjusted evaluation of major morbidity revealed a cutoff for proficiency at 138
procedures reaching mastery after this cutoff. Major complications reached the plateau phase
(11.6% vs 10.4%; p=0.825). Operative time (221 (IQR (150-325)) vs 210 (IQR 154-350)
minutes, p=0.852), conversion rate (5.2% vs. 2.0%; p=0.370), BL (3.3% vs. 1.9%; p=0.455) did

not differ between proficiency and mastery. However, patients with a textbook outcome (76.2%



vs 87.0%; p=0.021) and R1 resections (7.3% vs. 0.0%; p=0.027) improved significantly. (Table

1)

Learning curve according to surgical complexity

Within the different surgical complexity groups, no differences in intraoperative
outcomes, such as blood loss, conversion, and R1 resection rate, were observed between the
competency, proficiency and mastery phases of the learning curve (Table 2). In low,
intermediate and high IWATE cases, the operative time decreased from the competency to the
proficiency phase, while from proficiency to mastery, operative time remained stable throughout

all complexity groups.

Postoperative complications such as BL, PHLF, reinterventions and reoperations were
similar between the competency, proficiency and mastery phases in all three surgical complexity
groups. The rate of patients achieving a textbook outcome was similar in the low and
intermediate complexity groups along all three phases of the learning curve. Interestingly, the
rise of patients achieving textbook outcome was mainly driven by the high complexity group

(74.1% vs. 70.3% vs. 90.7%).

Comparison with international benchmark values

Within an unselected cohort of low-risk (benchmark) and high-risk (hon-benchmark)
patients, international reference values were met through all three phases of the learning curve
(Table 2) for operative time for all degrees of surgical complexity (Competency: Low IWATE:

186min, benchmark cut-off (BM) <234min; Intermediate INATE: 222min, BM <354min; High



IWATE: 305min, BM <357min). The reference values for conversion were met through all three
phases of the learning curve for more complex procedures (Competency: Intermediate IWATE:
3.8% BM <3.5%; High IWATE: 7.7% BM <9.4%); however, not for low-complexity cases
(Competency Low IWATE: 4.1% BM <0%). Likewise, the benchmark values for the R1 rate
were met for more complex procedures (Competency: Intermediate IWATE: 4.7% BM <5.7%;
High IWATE: 11.2% BM <14.1%), but not for low-complexity cases (Competency: Low
IWATE: 8.6% BM <5.7%).

Summarizing the postoperative course, international reference values were met during the
early learning curve for patients achieving textbook outcomes across all degrees of complexity
(Competency: Low IWATE: 83.8%, BM >84.2%; Intermediate IWATE: 86.9%, BM >76.2%;
High IWATE: 74.1%, BM >67.9%). However, benchmark values for major complications were
not met for any complexity group during competency (Competency: Low IWATE: 7.5%, BM
<2.2%; Intermediate IWATE: 9.8%, BM <5.9%; High IWATE: 14.2%, BM <9.5%) and
proficiency phase (Proficiency: Low IWATE: 7.0%, BM <2.2%; Intermediate IWATE: 9.8%,
BM <5.9%; High IWATE: 15.6%, BM <9.5%). 90-day mortality benchmarks were 0% for all
complexity groups and a mortality of 0.2%-1.1% was reported for all complexity groups (Table

2).

Discussion

In this large, international, multicenter study of more than 2,300 robotic liver resections
performed at 22 expert centers, we provide a comprehensive evaluation of the learning curve in
robotic hepatectomy establishing a risk-adjusted three-phase model of competency, proficiency,

and mastery. The following principal findings should be noted: First, while case complexity



increased throughout the learning curve, surgical outcomes showed clinically relevant
improvements along this process. Reaching competency (case #62) was associated with a
decrease in operative time from 240 to 221 minutes, during proficiency (case #63-138) major
complications plateaued and mastery (case #139-150) was associated with an increased rate of
patients reaching textbook outcome from 76% to 87%. These changes along the learning curve
were consistently shown for all complexity groups. Second, already during the initial learning
phase - defined by the first 62 institutional procedures, outcomes of unselected patients were
mostly within international reference values, especially for more complex resections. Together,
these findings indicate that RLR can be implemented safely across expert centers, still our study
suggest an extended and relevant process to finally master robotic liver surgery.

The progressive increase in advanced resections from 23% to 31% over the first 150
cases demonstrates that surgical teams expanded indications for RLR as institutional confidence,
team familiarity, and robotic expertise grew. This pattern reflects a controlled, stepwise
transition from minor to major hepatectomies—a hallmark of safe innovation(29,30). Unlike
prior single-center reports describing a discrete inflection point at 10-50 cases(13,16,31), our
findings support a continuous and longer evolution of learning across a risk-adjusted multicenter,
high-volume context. The stable proportion of expert-level resections could be explained by the
fact that highly complex procedures were performed laparoscopically before the transition to
RLR and that MILS institutional expertise could be transferred to the robotic surgical approach
(32,33). Importantly, these results were achieved in centers with substantial prior laparoscopic
experience. In settings lacking such expertise, the learning process may differ considerably,

potentially requiring longer adaptation phases and alternative implementation strategies.



Among intraoperative parameters, only operative time decreased relevantly in the initial
learning phase, while both blood loss and conversion rate remained stable. The complete
resection (RO) rate improved in the late mastery phase (7% to 0%) suggesting that technical
precision still evolved as procedural complexity increased. This is in line with the evaluation of
learning curves of laparoscopic liver surgery, where intraoperative outcomes typically improve
with experience (13). Prior laparoscopic studies have reported learning curves of 20-35 cases for
minor hepatectomies and up to 120 for major resections(13,34). The robotic platform’s stability,
visualization, and enhanced dexterity may substantially mitigate the learning effect.
Postoperatively, overall morbidity was low, with 10% major complications and 80% of the
patients achieving textbook outcomes. Importantly, rates of liver specific complications like BL,
PHH and PHLF as well as reoperations were low and remained stable between the three learning
phases, whereas major morbidity increased moderately until reaching the mastery phase (Figure
2B). This trend coincided with a rise in case complexity, indicating that more challenging
procedures—rather than loss of proficiency—could account for the higher major complication
rates.

While major complications and textbook outcome are not perfect surrogates to define
proficiency and mastery, prior studies on surgical learning curves have consistently shown that
these composite and outcome-based parameters improve later than intraoperative metrics and
therefore represent more robust indicators of advanced surgical maturation. Even with the late
plateau of major complications, outcomes in both benchmark and non-benchmark patients
mostly met or exceeded international reference values for robotic liver surgery (15,35).
Collectively, these findings reinforce that RLR is characterized by a relevant learning curve of

63-138 cases especially for patient relevant morbidity. These results mostly reflect the outcomes



of RLR pioneers and the adoption of the new robotic technique in second- and third-generation
MILS surgeons is still ongoing (36,37).

Especially in the intermediate and high surgical difficulty groups, early-phase RLR met
international benchmark criteria (15) for operative time, conversion rate, and textbook outcome,
confirming that especially centers with prior laparoscopic experience can achieve reference-level
safety from the outset irrespective of patient comorbidities. However, benchmark values should
be interpreted cautiously and are best understood as reference points rather than tools for
credentialing, particularly in the context of evolving case-mix and learning effects. In the low
difficulty group reference values were not met for conversion rate (BM <0%) and major
complications (BM <2%). On one hand, this supports findings from laparoscopic liver surgery,
where long learning curves and higher morbidity is common during the initial learning
curve(38,39). On the other hand, near zero reference values like the ones for conversion,
reoperation and 90-day mortality (all reference values <0% for all complexity groups) might not
reflect realistic reference points. Taken together, these findings reinforce that benchmarks
provide valuable context for performance assessment but should not be interpreted as absolute
thresholds, particularly in heterogeneous, real-world cohorts.

Our findings provide several important lessons for clinical practice and surgical
education. First, they affirm that robotic liver surgery can be safely adopted by expert centers
especially with established MILS programs (40). Second, they advocate for learning models that
move beyond case counts to include evolving case complexity, team dynamics, and institutional
support. Third, the results underscore the importance of international collaboration and
standardized surgical data reporting to monitor outcomes as robotic surgery disseminates

globally at a fast pace(41). The concept of competency-based institutional expansion of RLR,



integrating objective metrics such as textbook outcomes and benchmark compliance, may serve
as the foundation for future credentialing and certification frameworks in robotic HPB surgery.
Some limitations should be acknowledged. First, this was a retrospective analysis, and
unmeasured confounders may exist. For example, the study could not account for a change in
selection criteria for RLR during the study period. Still, consecutive inclusion of all RLR cases
across high-volume centers minimizes selection bias. Furthermore, surgical complexity was
assessed using the IWATE classification, which, despite its limitations, currently represents the
most established and widely adopted framework for stratifying procedural difficulty in
minimally invasive liver surgery. However, it was not specifically developed for robotic
approaches and may not fully capture platform-specific advantages or nuances of case selection.
Third, because the participating centers were mostly experienced in laparoscopic liver surgery,
generalizability to early-adopting or low-volume HPB hospitals and centers that directly adapt
RLR from purely open surgery may be limited. Finally, over 75% of all resections were
performed for oncologic indications. While the RO resection rate is a marker for an oncologic
adequate resection, long-term oncologic outcomes were beyond the scope of this analysis and
warrant future evaluation.
Conclusions
In this large multicenter analysis of robotic liver surgery, the learning process was characterized
by an increase in case complexity with a relevant learning curve reaching mastery after 138
cases. Benchmark-level safety was achieved from the beginning of the robotic implementation,
especially for intermediate and high surgical difficulty resections. These findings indicate that, in
experienced centers, RLR can be safely implemented and integrated into clinical practice,

supporting its key role in modern hepatobiliary surgery.
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Figure 1: Development of surgical complexity along the learning curve
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Figure 2: Learning curve analysis for operative time (A), bile leak (B), textbook outcome (C),
and major complications (D). Competency (red), proficiency (blue), and mastery (green) are

shown in different colors.
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Table 1: Baseline characteristics and surgical outcomes during the learning curve.

Competency Proficiency | Mastery p1 p2

(n=1°303) (n=903) (n=106)
Age, years 64 (55-72) 65 (56-73) 64 (53-75) 0.046 | 0.693
Gender, male 738 (56.6) 539 (59.7) 61 (57.5) 0.186 | 0.749
Body mass index, kg/m? | 26 (23-29) 26 (23-30) 25 (23-28) 0.117 | 0.103
Benchmark patients 487 (38.4) 337 (37.3) 43 (40.6) 0.571 | 0.585
Cirrhosis 403 (30.9) 333 (37.6) 42 (39.6) 0.004 | 0.745
Previous liver surgery 176 (13.6) 96 (10.9) 9 (8.5) 0.001 | 0.300
Histological diagnosis <.001 | 0.128
meCtZ'S‘t’;‘:f:a' liver 309 (23.7) 161(17.8) | 18170)
CaTCeiaztr(r);ellular 475 (36.5) 329 (36.4) 31 (29.2)
Cholangiocarcinoma 96 (7.4) 98 (10.9) 14 (13.2)
NCRLM 107 (8.2) 87 (9.6) 5(4.7)
Benign 298 (22.9) 196 (21.7) 31(29.2)
IWATE <.001 | 0.786
Expert 154 (11.8) 105 (11.6) 13 (12.3)
Advanced 303 (23.3) 280 (31.0) 30 (28.3)
Intermediate 553 (42.4) 317 (35.1) 42 (39.6)
Low 293 (22.5) 201 (22.3) 21 (19.8)
Operative time, min 240 (171-340) gg;)(lBO- 210 (154-350) | gy | 0-852
Blood loss, mi 150 (50- 350) | 150 (50-300) | 100 (50-300) 0.966 | 0.086
Conversion 67 (5.1) 90 (5.1) 2 (2.0) 0.858 | 0.370




R1 resection 78 (8.3) 49 (7.3) 0 (0.0) 0.479 | 0.027
Liver failure (grade B+C) | 11 (0.9) 16 (1.8) 1(0.9) 0.059 | 0.531
Bleeding (grade B+C) 7 (0.6) 7(0.8) 1(0.9) 0.514 | 0.854
Bile leak (grade B+C) 33 (2.5) 29 (3.3) 2 (1.9) 0.387 | 0.455
Reoperation 24 (1.8) 18 (2.0) 1(0.9) 0.976 | 0.708
Reintervention 67 (5.1) 54 (6.0) 5(4.7) 0.456 | 0.760
Major complications 123 (9.4) 105 (11.6) 11 (10.4) 0.133 | 0.825
Readmission 82 (6.3) 67 (7.5) 9 (8.5) 0.405 | 0.851
Mortality 9(0.7) 8(0.9) 1(0.9) 0.822 | 1.000
CCl 0 (0-8.7) 0 (0-8.7) 0 (0-8.7) 0.342 | 0.506
Textbook outcome 1051 (81.7) 671 (76.2) 87 (87.0) 0.004 | 0.021
Hospital stay, days 5 (3-7) 4 (3-7) 4 (2-5) 0.002 | 0.001

Note: Data are given as n (%) and median (IQR). CCIl: comprehensive complication index;

NCRLM: non-colorectal liver metastasis




Table 2

: Comparison of surgical outcomes with international benchmark values.

Low IWATE B | Intermediate B | High IWATE B
M [ IWATE M M
Comp | Profi | Ma Comp | Profi | Ma Comp | Profi | Ma
etency | cienc | ster etency | cienc | ster etency | cienc | ster
(n=29 |y y (n=55 |y y (n=45 |y y
3) (n=20 | (n= 3) (n=31 | (n= 7) (n=38 | (n=
1) 21) 7) 42) 5) 43)
Age 65 67 64 63 66 62 64 64 65
e%r1s (55- (57- | (55- (55- (56- | (49- (54- (55- | (57-
y 73) | 74) |68) 71) | 74) | 75) 72 |72) | 78)
Bench 12
mark (57. 13 18
patient | 92 73 1) 207 117 (31. 188 147 (41.
S (32.2) |(36.3) (38.8) |(36.9) [ 0) (41.8) 1(38.2) [9)
Intraoperative outcomes
Operat 165 180 326
ivg (10 (14 (20
time 186 150 3- 222 200 0- 305 288 3-
min, (130- | (112- | 240 [<2 |(162- | (140- [246 [<3 |(219- [(210- |421 |<3
270) |210) |) 34 1305) |283) |) 54 1409) |381) |) 57
Blood 50 100 150
loss 100 100 (50- 100 150 (50- 200 200 (50-
mi ’ (30- (50- | 125 | <8 | (50- (50- | 250 | <1 |(100- |(80- [413 |<2
250) | 250) |) 3 1300) |[300) [) 38 | 500) |430) |) 00
Conve 0 L L
rsion 12 7 0) 20 12 (24 [<3 135 25 (23 |9
(4.1) |(3.5) <0 (38 |27 |) S5 [(77) [(65) |) A4
R1 0 <1
resecti | 17 10 0) 5124 15 0 <5139 28 0 4.
on (8.6) |(7.9 T @7 149 (0 (.7 1112 (94 |00 |1
Postoperative outcomes
Liver [1(0.3)|0(0) |O <0 [3(0.5) |6 0 <0 |7(15) |10 1 <0
failure 0) 1.9) | (26) |1 (23 1.3
(BIC) )




Bile |1(0.3)|1 0 |<0]12 8 0 |<1]20 20 |2 |7
leak 0.5) | (0) 22) |25 [0 |8 |@s |6G2 @471
(BIC) )
Reoper 0 L
o 4 (0.0 3 (2.4 |<0 |14 11 |o
a 4140 |y |=o0le@n|©9 |) |2|@D (@9 |0 |<0
Major 1 6 4
compli | 22 14 | (48 |<2 |36 31 |14 |<5]65 60 | (93 |<9
cations [ (7.5) | (7.0) |) 2 [(65) 1(09.8) |3) 9 1(14.2) | (15.6) |) 5
Readm 1 3 5
readm | g 11 | (48 |<4 |28 21 | (71 |<5]36 3B @ |<s
SN ey 155 |y |26y [66) ) |09 |92 |6 |.0
0 1
!\t/'orta' 1 0.0 3 2.4 4 0
"y 3(10) (05 |) |=<0|102]09 |) |<0|5@n|@o |[@© <o
8.7 0 0

ccl |o@- |o0(- |- 0(- |0(0- |- 6.7(0- | 0(0- |(0-

87) |87 |87 |=<0|87) |87 |87) |<0[209) [209) |87) |<0
Textbo
ok 16 |>8 32 |>7 39 |6
outco |244 |161 |(88. |4. |472 |247 |82 |6. |335 |263 |(%0. |7.
me |(838) |(81.3)]|9) |2 |®6.9) |®0.2) |1 |2 |(741) |(703)]|7) |9
Hospit 3 3 4
alstay, [4(3- |43 |- 53 |43 |(- 64 |53 |G-
days | 7) 5 |4 |[<5(7) 6) 5) |<6]9) 8) 7 |<7

Note: Data are given as n (%) and median (IQR).
Abbreviations: BM, Benchmark; CCI, Comprehensive Complication Index.




