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Short Running Head: Benchmark for Robotic Liver Resection 
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ABSTRACT 

Objective: To establish benchmark cutoffs for robotic liver resection (R-LR), encompassing both 

major and minor resections, and to determine the impact of patient selection on outcomes. 

 

Background: R-LR is a key advancement in minimally invasive liver surgery but lacks 

standardized benchmarks, especially for minor resections. While guidelines endorse R-LR, its 

role in optimizing outcomes remains unclear. This study establishes the first benchmarks for R-

LR, enabling comparisons across surgical modalities and refining patient selection. 

 

Methods: This retrospective, multicenter study analyzed consecutive adult patients undergoing 

R-LR at 30 international centers (2020–2023). Benchmark centers had an annual case volume of 

≥15 R-LR. Benchmark criteria included ASA ≤2, no major comorbidities, no prior liver 

resections, and Child-Pugh A status. Benchmark cutoffs for 14 key outcomes were set at the 50th 

and 75th percentiles of median values across benchmark centers. Multivariable logistic 

regression identified predictors of textbook outcomes. 

 

Results: Eighteen high-volume centers contributed 4028 cases with 2632 (65.3%) meeting 

benchmark criteria. Malignancy was the indication in 29.6%, most commonly hepatocellular 

carcinoma followed by colorectal liver metastases. Major liver resection was performed in 

42.6%. The distribution of Iwate difficulty scores was low (25.4%), intermediate (53.9%), 
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advanced (15.9%), and expert (4.9%). Benchmark cutoffs were established for minor and major 

resection, and stratified by Iwate low (0-3), intermediate (4-6) and high (7-12): Open conversion 

(≤6.5% minor, ≤10.5% major), major complications within 90 days (≤5.2% minor, ≤16.7% 

major), R1 resection (≤9.2% minor, ≤6.7% major). Benchmark cases performed at low-volume 

centers were able to achieve outcomes within the corresponding benchmark cutoffs. In fact, 

patient selection reflected by the proportion of benchmark patients, rather than case volume, was 

associated with textbook outcomes. 

 

Conclusions: This study defines R-LR benchmarks, emphasizing patient selection over center 

volume for optimal outcomes. Benchmark cutoffs guide training and support the expansion of R-

LR. 
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INTRODUCTION 

Minimally invasive liver surgery (MILS) has reached the assessment phase (stage 3) of 

the IDEAL framework for the development of surgical innovations1,2. While robotic liver 

resection (R-LR) represents a key technological advancement, its adoption has lagged behind 

laparoscopic approaches, mostly due to cost-effectiveness concerns. Despite the establishment of 

benchmarks for open3,4 and laparoscopic liver surgery5, standardized benchmarks for R-LR 

remain absent. Existing benchmark studies also focus almost exclusively on major resections, 

overlooking minor resections, which constitute a significant proportion of MILS. This omission 

is particularly relevant given that the Southampton Consensus Guidelines6 recognize MILS as 

the standard approach for minor liver resections, and the Paris Consensus on robotic Hepato-

Pancreato-Biliary Surgery7 strongly endorses robotic anatomical and non-anatomical minor 

resections as valid alternatives to laparoscopy and recommends establishing benchmarks for 

robotic procedures. Additionally, R-LR has gained increasing importance in donor hepatectomy8, 

with several centers demonstrating excellent outcomes, yet this application has not been 

addressed in existing benchmark studies. While robotic surgery brings significant technological 

innovation to liver surgery, the role of patient selection in optimizing outcomes remains unclear, 

raising the question of when and where R-LR provides the greatest benefit. 

 

To address these gaps, this international, high-volume study establishes the first 

benchmarks for R-LR, encompassing both major and minor resections. By analyzing patient 

characteristics and surgical complexity alongside outcomes, we define the impact of patient 

selection on R-LR success. This study builds upon prior benchmark research in open and 

laparoscopic liver surgery, enabling direct comparisons across surgical modalities and guiding 

the future evolution of R-LR. 

 

METHODS 

Study Design 

This study included consecutive adult patients (≥18 years) who underwent anatomical 

and non-anatomical R-LR between January 2020 and December 2023. Patients who underwent 

R-LR with concurrent major procedures (e.g., robotic colectomies) were excluded. Benchmarks 

were established using standardized methodology9, as previously applied to other complex 
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procedures3,10,4,11. High-volume benchmark centers were defined by: (a) performing ≥15 R-LRs 

per year or ≥60 over 4 years, (b) prior publications on R-LR, and (c) maintaining a prospective 

patient database with at least one year of follow-up. Low-volume centers (≤15 cases per year) 

that did not qualify for benchmark analysis were included as a control group. The benchmark 

cohort consisted of patients meeting the following criteria: American Society of Anesthesiology 

(ASA) classification ≤2, absence of major comorbidities (recent myocardial infarction, advanced 

renal or obstructive pulmonary disease), no prior liver resections, and Child-Pugh A liver 

function. These criteria aligned with previous benchmark analyses for liver resections4,11, 

ensuring comparability among benchmark cohorts. Patients who did not meet benchmark criteria 

formed the non-benchmark cohort, serving as another control group. The primary endpoints of 

this study are the benchmark values outlined in the next section. Ethical approval was obtained 

from the Cantonal Ethics Commission of Zurich (BASEC 2024-01513) and each participating 

center. 

 

Definition of Benchmark Values and Other Variables 

Fourteen clinically relevant outcome parameters were identified for benchmark 

establishment, aligning with established liver resection benchmark studies3,4,11. Intraoperative 

Benchmarks: operation time, estimated blood loss, intraoperative blood transfusion, and open 

conversion. Postoperative Benchmarks: 90-day morbidity, major morbidity (≥ Clavien-Dindo 

grade IIIa12), mortality, reoperation, unplanned readmission; postoperative liver failure and bile 

leak (ISGLS grade B/C13,14); length of stay; and R1 resection (<1 mm margin for malignant 

tumors). Textbook outcome was defined as the absence of intraoperative incidents (Oslo 

classification grade ≥2)15, 90-day major morbidity or mortality, postoperative bile leak or liver 

failure (ISGLS grade B/C), and R1 resection16. Resection extent was classified according to the 

2000 Brisbane classification17 and New World terminology18. Surgical difficulty was graded 

using the Iwate score19. 

 

Statistical Analysis 

Descriptive statistics were presented as medians with interquartile ranges (IQR) for 

continuous variables and counts with percentages for categorical variables. Continuous variables 

were compared using the Mann-Whitney U test, while categorical variables were analyzed with 
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the Chi-square test. Benchmark cutoffs were defined as the 75th percentile of the median values 

across all benchmark centers for each negative outcome indicator and the 25th percentile for 

positive outcome indicators, such as textbook outcome. We performed a sensitivity analysis, 

excluding donor hepatectomies, to determine whether this exclusion significantly altered the 

benchmark cutoffs. 

 

The Pearson correlation coefficient (R²) was calculated to evaluate the association 

between center characteristics and outcomes. Multivariable logistic regression with backward 

stepwise selection was used to identify predictors of textbook outcome. Results were reported as 

odds ratios (OR) with 95% confidence intervals (CI). We investigated the relationship between 

the Iwate score and the odds of not achieving a textbook outcome, stratified by benchmark 

patient status. A logistic regression model was constructed, incorporating an interaction term 

between the Iwate score and benchmark patient status to assess how the effect of the Iwate score 

varies between benchmark and non-benchmark patients. To visualize the potentially non-linear 

effect of the Iwate score on the OR (comparing benchmark patients to non-benchmark patients), 

a smoothing spline with 4 degrees of freedom was fitted to the calculated ORs and their 95% CI 

limits. Statistical analyses were conducted using R 4.4.1 (R Foundation for Statistical 

Computing, Vienna, Austria). 

 

RESULTS 

Benchmark Center and Case Characteristics 

A total of 30 centers across four continents (Asia (N=12), Europe (N=12), North America 

(N=5), and South America (N=1)) participated in this study, contributing 4,369 cases. Among 

them, 18 centers met the criteria for high-volume benchmark centers, accounting for 4,028 cases 

(92.2% of the total) (Supplementary Figure 1, Supplemental Digital Content 1, 

http://links.lww.com/SLA/F486). Of these, 2,632 cases (65.3%) qualified as benchmark cases. 

Patient characteristics for the overall population and the high-volume benchmark centers are 

summarized in Supplementary Tables 1 and 2, Supplemental Digital Content 1, 

http://links.lww.com/SLA/F486, respectively. Among the 2632 benchmark cases used to 

establish benchmark cutoffs, the median age was 39.9 years (IQR: 29.0-59.0), and 59.6% were 

male. Liver resection was performed for donor hepatectomy in 46.9% of cases, malignancy in 
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29.3% (primarily hepatocellular carcinoma, followed by colorectal liver metastases), and benign 

lesions in 22.8%. Major liver resection was performed in 42.6% of cases, while anatomical 

resections accounted for 71.3%. The distribution of Iwate difficulty scores was low (25.4%), 

intermediate (53.9%), advanced (15.9%), and expert (4.9%) (Supplementary Table 2, 

Supplemental Digital Content 1, http://links.lww.com/SLA/F486). 

 

Benchmark Cutoffs 

Separate benchmark cutoffs were established for five categories of R-LR: Minor and 

major resection, Iwate low (0-3), intermediate (4-6) and high (7-12) liver resections (Table 1). 

Open conversion rates were ≤6.5% for minor resections, and ≤10.5% for major resections. The 

cutoffs for major complications (Clavien-Dindo ≥3a) within 90 days were ≤5.2% for minor 

resections, and ≤16.7% (P75) for major resections. The 90-day mortality cutoff was 0% across 

all categories. The cutoffs for bile leak (ISGLS Grade B/C) were ≤2.6% for minor resections, and 

≤6.7% for major resections. The benchmark cutoffs for textbook outcome were ≥82.0% for 

minor resections, and ≥68.4% for major resections. The cutoffs for R1 resection were ≤9.2% for 

minor resections, and ≤6.7% for major resections. Benchmark cutoffs increased from low to high 

Iwate scores, except for Textbook Outcome, which showed an inverse trend. The benchmark 

cutoffs from the sensitivity analysis, excluding donor hepatectomies, are presented in 

Supplementary Table S3, Supplemental Digital Content 1, http://links.lww.com/SLA/F486. 

Despite slight increases in the cutoffs for open conversion rate, major complications, and R1 

resection rate, these changes were minimal and did not impact the overall findings. 

 

Comparison of Benchmark Cutoffs with Non-Benchmark Cases and Low-Volume Centers 

Non-benchmark cases performed at benchmark centers exhibited outcomes exceeding the 

75th percentile benchmark cutoff for several key metrics: any complication rate, re-laparotomy, 

readmission, mortality, liver failure, bile leak, and R1 resection rates (Table 2). While in non-

benchmark centers outcomes of minor resections were within benchmark cutoffs, major 

resections showed increased operation time, blood loss, open conversion rate, major 

complications, mortality, liver failure, bile leak, and R1 resection rate. It is important to 

acknowledge that this control group (n=27) is small, potentially increasing the risk of type II 

error. When stratified by the three Iwate difficulty classes, low-volume centers were able to 
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achieve outcomes within the corresponding benchmark cutoffs. Outcomes following donor 

hepatectomy were highly favorable and consistent with the benchmark cutoffs established for 

both major and minor liver resections. 

 

Correlation between Center Characteristics and Outcomes 

Figure 1 illustrates the relationship between center-specific characteristics—the 

proportion of benchmark cases and annual case volume—and key postoperative outcomes, 

including major complications and textbook outcomes, for all participating centers. A higher 

proportion of benchmark cases within a center was associated with lower rates of major 

complications and higher textbook outcome rates (Figure 1A&B). However, no significant 

correlation was observed between annual case volume and either outcome (Figure 1C&D). The 

median Iwate score of each center, representing the surgical complexity of cases, correlated with 

the rate of major complications (Figure 1E). Centers with a low proportion of highly complex 

cases (Iwate 8-12) achieved textbook outcomes in low-complexity cases (Iwate <4) at a level 

comparable to centers managing more complex cases. 

 

Factors Associated with Not Achieving Textbook Outcome 

Multivariable logistic regression identified five independent factors associated with not 

achieving a textbook outcome (Table 3). Meeting benchmark criteria was the only protective 

factor (OR: 0.6, 95% CI: 0.48–0.71). In contrast, malignant indication (OR: 5.0, 95% CI: 3.89–

6.59), neoadjuvant chemotherapy (OR: 1.5, 95% CI: 1.18–1.87), major hepatectomy (OR: 1.6, 

95% CI: 1.29–2.00), and Iwate score (OR: 1.1, 95% CI: 1.03–1.12) were identified as risk 

factors. 

 

Figure 2 illustrates the association between patient selection based on benchmark criteria 

and the likelihood of not achieving a textbook outcome across the spectrum of surgical difficulty, 

represented by the Iwate score. Across all Iwate scores, benchmark patients had a consistently 

lower risk of not achieving a textbook outcome, with the OR remaining below 1. The protective 

effect of meeting benchmark criteria was strongest at lower Iwate scores but gradually 

diminished and became more variable as the Iwate score increased. 
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DISCUSSION 

With the growing adoption of robotic liver surgery, this multicenter study reflects current 

global expertise and establishes critical benchmarks for these evolving procedures. Employing 

established benchmarking methodology, we defined cutoffs for key outcome metrics in R-LR, 

stratified by both the extent of resection (major/minor) and surgical difficulty (Iwate score). 

Comparison of these novel robotic benchmarks with previously established cutoffs for open 

major hepatectomy revealed improvements in most outcomes, supporting the transition to a 

robotic approach. Furthermore, our analysis revealed that patient selection, rather than center 

case volume, is the primary determinant of achieving textbook outcomes. This finding suggests 

that low-volume centers can achieve benchmark-level performance through careful patient 

selection. This study represents the most comprehensive analysis to date of robotic liver surgery, 

evaluating the interplay of patient selection, surgical complexity, and perioperative outcomes, 

and informing future directions for this technology. 

 

Stratifying patients according to the same benchmark criteria as in open surgery4 and 

laparoscopy11 offers the significant advantage of enabling comparisons among different surgical 

approaches. Our analysis reveals that, compared to the benchmark for open major hepatectomies, 

the benchmark for R-LR exhibited a longer operation time by one hour, but significantly reduced 

intraoperative blood loss by 500 mL and hospital stay by approximately five days. While prior 

single-center studies20–23 have suggested similar trends, this multicenter study provides robust 

confirmation of these benefits on a global scale, utilizing a matched population that fulfills 

established benchmark criteria. A remaining question is whether R-LR offers advantages over the 

open approach in terms of perioperative morbidity and mortality. Our analysis of benchmark 

criteria provides compelling evidence in favor of robotic surgery. Specifically, cutoffs for major 

complications, readmission rates, bile leaks, liver failure, mortality, and R1 resection rates were 

all lower for R-LR than those established for the open approach4. This demonstrates a clear 

perioperative outcome benefit for R-LR within high-volume centers. Extending this comparison 

to robotic donor hepatectomy, major complication and liver failure rates were significantly below 

established benchmark cutoffs for open donor hepatectomy. This supports recent findings that 

robotic surgery offers lower donor morbidity compared to open and laparoscopic approaches24. 

Comparing outcomes to laparoscopic liver resection is less straightforward because benchmark 
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cutoffs were established for left and right hepatectomies, not strictly for major resections as a 

whole11. 

 

Despite the existence of several benchmark studies in liver resection, minor liver 

resections have been largely overlooked, representing a significant knowledge gap. The 

frequency and clinical significance of minor liver resections have increased substantially over the 

past decade. This rise is attributable to several factors, including technological advancements, 

refined surgical techniques, a growing emphasis on parenchymal preservation25, and an expanded 

role for surgical management of colorectal liver metastases26. While minor liver resections are 

generally associated with lower morbidity than major resections, as evidenced by our benchmark 

cutoffs, this does not preclude significant surgical complexity. Non-anatomical resections often 

necessitate complex multiplanar dissection trajectories, making it challenging for the surgeon to 

accurately assess tumor resection margins. This difficulty is reflected in the higher benchmark 

cutoffs for R1 resections observed in minor resections compared to major resections. 

Additionally, the anatomical location of lesions and their proximity to major vasculature are 

significant determinants of surgical complexity. To account for this variability in surgical 

difficulty, the Iwate scoring system was developed19,27. While originally designed for 

laparoscopic liver resections, the Iwate score has also been validated for R-LRs28–30. In this 

study, we employed the Iwate score to stratify R-LR according to their complexity, irrespective 

of the conventional major/minor resection classification. Increasing Iwate classes correlated with 

increasing benchmark cutoffs, highlighting the impact of surgical complexity on outcomes and 

demonstrating the utility of the Iwate score in providing a more nuanced and accurate application 

of benchmark criteria. 

 

Benchmark and textbook outcome studies represent distinct, yet complementary, 

approaches to evaluating surgical performance. While benchmark criteria are traditionally used 

to define an ideal patient population for establishing optimal outcomes, this study also utilizes 

the percentage of benchmark cases as a metric of patient selection. Interestingly, and in contrast 

to findings in laparoscopic liver resection11,31, center case volume did not correlate with 

outcomes in this analysis. This finding is further supported by the ability of low-volume centers 

to achieve benchmark outcomes, particularly for minor resections where sample sizes were 
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adequate. Furthermore, expertise in highly complex R-LR does not appear to be necessary or 

provide additional benefits for achieving textbook outcomes in less complex cases. Instead, the 

proportion of benchmark patients (i.e., patient selection) emerged as a key determinant of 

success. This finding suggests that the technological advancements inherent in robotic surgery 

may mitigate the steep learning curve typically associated with laparoscopic liver resection, 

potentially reducing the influence of case volume and amplifying the importance of patient 

selection. This interpretation is supported by our analysis, which demonstrates that fulfilling 

benchmark criteria was a protective factor against failing to achieve textbook outcomes across 

the Iwate difficulty scores. However, this protective effect diminished with increasing surgical 

difficulty, indicating that optimal patient selection cannot fully compensate for the challenges 

posed by more complex procedures. 

 

This study is subject to several limitations. First, as a retrospective study, it is inherently 

susceptible to biases associated with data collection and reporting that cannot be fully controlled 

for. Second, the case volume varied considerably among participating centers, with larger centers 

contributing most cases. This imbalance could potentially skew the overall dataset, introducing 

bias towards the practices and outcomes of high-volume centers. However, the benchmark 

methodology mitigates this by evaluating data at the center level, thereby distributing the 

analytical weight equally across institutions. Third, while this study design allows for the 

assessment of surgical and perioperative outcomes using the benchmark methodology, it is not 

suitable for evaluating oncologic outcomes. Benchmark criteria, by design, do not account for 

specific tumor characteristics (e.g., entity, grading, staging), making direct comparisons of 

survival across different tumor biologies methodologically unsound. Finally, although robotic 

donor hepatectomy might be considered a separate procedure, we included it because healthy 

donors provide an optimal benchmark population, and the fundamental surgical steps are 

consistent with those of other indications. The results of our sensitivity analysis reinforced this 

decision. 

 

In conclusion, this study establishes critical benchmark outcomes for R-LR, supporting 

its safe and effective adoption. Our findings highlight the advantages of the robotic approach 

over open and potentially laparoscopic resection, with a less steep learning curve that enables 
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low-volume centers to achieve benchmark outcomes. However, challenges remain, including 

cost, accessibility, standardized training, and technological advancements such as haptic 

feedback and AI integration. Despite these innovations, meticulous patient selection remains 

paramount, with benchmark criteria strongly predicting success. By defining objective 

performance targets, this study informs training, guides evaluation of emerging technologies, and 

supports data-driven refinement of robotic liver surgery. Ultimately, balancing innovation with 

core surgical principles—careful patient selection, precise technique, and continuous 

improvement—is essential to maximizing patient benefit from robotic liver surgery. 
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Figure 1: Linear Correlation Between Center Characteristics and Outcomes. 

 
  

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.

ACCEPTED



 
 
Figure 2: Association of Being a Benchmark Patient on the Risk of Not Achieving Textbook 
Outcome Across Iwate Scores. 
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Table 1: Benchmark Cutoffs for Robotic Liver Resections (Major, Minor; Iwate Low, 
Intermediate, High). 
 

 

Minor 
Resection 

Major 
Resection 

Iwate Low
(0-3) 

Iwate 
Intermed. 
(4-6) 

Iwate 
High 
(7-12) 

Benchmark Cutoffs P50 BM P50 BM P50 BM P50 BM P50 BM 
Perioperative Metrics    

Operation time (min) 
≤19
8 

≤29
4

≤34
5

≤43
7

≤17
9

≤23
4

≤21
9

≤35
4 

≤21
9 

≤35
7

Estimated blood loss 
(mL) 

≤10
0 

≤10
0

≤20
0

≤20
0

≤50 ≤83 
≤10
0

≤13
8 

≤10
0 

≤20
0

Intraoperative blood 
transfusion (u) 

≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 

Open conversion (%) ≤0.2 ≤6.5 ≤0.7 
≤10.
5

≤0 ≤0 ≤0.6 ≤3.5 ≤0.6 ≤9.4 

Hospital stay (d) ≤4 ≤5 ≤5 ≤7 ≤3 ≤5 ≤4 ≤6 ≤4 ≤7 
    

Postoperative 
Morbidity at 90d 

          

Any complication (%) ≤8.2 
≤10.
4

≤16.
3

≤30.
4

≤6.3 
≤16.
4

≤10.
2

≤16.
5 

≤10.
2 

≤21.
5

Clavien–Dindo grade ≥3a 
(%) 

≤1.8 ≤5.2 ≤2.6 
≤16.
7

≤0 ≤2.2 ≤0.1 ≤5.9 ≤0.1 ≤9.5 

CCI® ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 
Relaparotomy rate (%) ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0.2 ≤0 ≤0 
Readmission rate (%) ≤2.2 ≤5.5 ≤0 ≤7.4 ≤0 ≤4.2 ≤1.3 ≤5.0 ≤1.3 ≤5.0 
Mortality (%) ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 
Liver failure – ISGLS 
Grade B/C (%) 

≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0 ≤0.3 

Bile leak – ISGLS Grade 
B/C (%) 

≤1.1 ≤2.6 ≤1.3 ≤6.7 ≤0 ≤0 ≤0 ≤1.8 ≤0 ≤7.1 

Textbook outcome (%) 
≥93.
0 

≥82.
0

≥80.
0

≥68.
4

≥94.
4

≥84.
2

≥89.
5

≥76.
2 

≥83.
2 

≥67.
9

    

Oncological Outcome    

R1 resection (%) ≤2.2 ≤9.2 ≤0 ≤6.7 ≤0 ≤5.7 ≤0 ≤5.7 ≤0 
≤14.
1

P50 represents the 50th and BM the 75th-percentile of centers median.
Abbreviations: BM, Benchmark; CCI®, Comprehensive Complication Index; ISGLS, 
International Study Group of Liver Surgery
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Table 2: Benchmark Outcome Measures Across Three Control Groups (High-risk Non-
Benchmark Patients at Expert Centers, Low-risk Benchmark Patients at Non-Expert 
Centers, and Living Donor Hepatectomy Cohort). 

 
Minor 
Resection 

Major 
Resection 

Iwate Low 
(0-3) 

Iwate 
Intermed. 
(4-6) 

Iwate High 
(7-12) 

 

Benchmark 
Cutoffs 

Non
-BM 
Cas
es at 
BM-
Cen
ters 
(n=1
104) 

BM 
Cas
es at 
Non
-
BM-
Cen
ters 
(n=1
48) 

Non
-BM 
Cas
es at 
BM 
Cen
ters 
(n=2
92) 

BM 
Cas
es at 
Non
-BM 
Cen
ters 
(n=2
7) 

Non
-BM 
Cas
es at 
BM 
Cen
ters 
(n=2
80) 

BM 
Cas
es at 
Non
-BM 
Cen
ters 
(n=4
7) 

Non
-
BM 
Cas
es at 
BM 
Cen
ters 
(n=
624) 

BM 
Cas
es at 
Non
-BM 
Cen
ters 
(n=
85) 

Non
-BM 
Cas
es at 
BM 
Cen
ters 
(n=4
92) 

BM 
Cas
es 
at 
Non
-
BM 
Cen
ters 
(n=
43) 

Don
or 
hep
atec
tom
y 
(n=1
236) 

Perioperative 
Metrics 

           

Operation time 
(min) 

180 
[120
-
249] 

230 
[144
-
334] 

300 
[234
-
389]

491 
[319
-
590]

141 
[105
-
215]

168 
[97-
234] 

185 
[125
-
270]

248 
[152
-
381]

250 
[180
-
340] 

349 
[265
- 
487]

390 
[303
-
461]

Estimated 
blood loss 
(mL) 

100 
[50-
200] 

100 
[30-
200] 

200 
[100
-
458]

220 
[100
-
475]

75 
[30-
200] 

50 
[15-
100] 

100 
[50-
200] 

100 
[50-
253] 

150 
[70-
400] 

200 
[66-
450] 

75 
[50-
100] 

Intraoperative 
blood 
transfusion 
(units) 

0 [0-
0] 

0 [0-
0] 

0 [0-
0] 

0 [0-
0] 

0 [0-
0] 

0 [0-
0] 

0 [0-
0] 

0 [0-
0] 

0 [0-
0] 

0 
[0-
0] 

0 [0-
0] 

Open 
conversion (%) 

40 
(3.6) 

2 
(1.4) 

20 
(6.8) 

4 
(14.
8)

3 
(1.1) 

2 
(4.3) 

26 
(4.2)

3 
(3.5)

31 
(6.3) 

1 
(2.3
) 

2 
(0.2) 

Hospital stay 
(d) 

5 [3-
10] 

4 [3-
6] 

6 [4-
10] 

8 [5-
14] 

3 [2-
9] 

3 [2-
5] 

5 [3-
10] 

5 [3-
7] 

5 [4-
10] 

6 
[4-
10] 

4 [3-
5] 

      

Postoperative 
Morbidity at 
90d 

           

Any 
complication 
(%) 

156 
(14.
1) 

13 
(8.8) 

89 
(30.
5) 

8 
(29.
6)

24 
(8.6) 

5 
(10.
6)

105 
(16.
8)

8 
(9.4)

116 
(23.
6) 

8 
(18.
6) 

107 
(8.7) 
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Clavien–Dindo 
grade ≥3a (%) 

≤2.2 
7 
(4.7) 

≤5.9 
6 
(22.
2)

10 
(3.6) 

4 
(8.5) 

38 
(6.1)

5 
(5.9)

47 
(9.6) 

4 
(9.3
) 

16 
(1.3) 

CCI® 
0 [0-
0] 

0 [0-
0] 

0 [0-
21] 

0 [0-
21] 

0 [0-
0] 

0 [0-
0] 

0 [0-
0] 

0 [0-
0] 

0 [0-
0] 

0 
[0-
0] 

0 [0-
0] 

Relaparotomy 
rate (%) 

61 
(6.6) 

1 
(0.7) 

12 
(5.1) 

1 
(4.5)

18 
(7.7) 

1 
(2.2) 

34 
(6.3)

1 
(1.2)

21 
(5.4) 

0 
(0.0
) 

7 
(0.6) 

Readmission 
rate (%) 

58 
(5.3) 

6 
(4.1) 

32 
(11.
0) 

0 
(0.0)

16 
(5.7) 

4 
(8.5) 

38 
(6.1)

2 
(2.4)

36 
(7.3) 

0 
(0.0
) 

9 
(0.7) 

Mortality (%) 
8 
(0.8) 

0 
(0.0) 

5 
(1.8) 

1 
(3.7)

0 
(0.0) 

0 
(0.0) 

8 
(1.4)

1 
(1.2)

5 
(1.2) 

0 
(0.0
) 

0 (0) 

Liver failure – 
ISGLS Grade 
B/C (%) 

3 
(0.3) 

0 
(0.0) 

9 
(3.1) 

2 
(7.4)

0 
(0.0) 

0 
(0.0) 

5 
(0.8)

2 
(2.4)

7 
(1.4) 

0 
(0.0
) 

4 
(0.3) 

Bile leak – 
ISGLS Grade 
B/C (%) 

25 
(2.3) 

3 
(2.0) 

29 
(9.9) 

5 
(18.
5)

4 
(1.4) 

0 
(0.0) 

19 
(3.0)

5 
(5.9)

31 
(6.3) 

3 
(7.0
) 

24 
(1.9) 

Textbook 
outcome (%) 

872 
(80.
1) 

124 
(83.
8) 

184 
(63.
0) 

15 
(55.
6) 

240 
(85.
7) 

37 
(78.
7) 

490 
(78.
5) 

69 
(81.
2) 

337 
(68.
5) 

33 
(76.
7) 

119
5 
(96.
7)

      

Oncological 
Outcome 

           

R1 resection 
(%) 

77 
(7.0) 

11 
(7.5) 

33 
(11.
3) 

4 
(14.
8)

11 
(3.9) 

3 
(6.5) 

49 
(7.9)

9 
(10.
6)

50 
(10.
2) 

3 
(7.0
) 

- 

Abbreviations: BM, Benchmark; CCI®, Comprehensive Complication Index; ISGLS, 
International Study Group of Liver Surgery
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Table 3: Multivariable Logistic Regression Analysis for Not Achieving Textbook Outcome. 
 
Characteristic OR 95% CI p-value 

Benchmark case 0.6 0.48, 0.71 <0.001 

Malignant indication 5.0 3.89, 6.59 <0.001 

Neoadjuvant chemotherapy 1.5 1.18, 1.87 <0.001 

Major hepatectomy 1.6 1.29, 2.00 <0.001 

Iwate score 1.1 1.03, 1.12 <0.001 

Abbreviations: OR, Odds Ratio; CI, Confidence Interval. 
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