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ABSTRACT 
Introduction.  Despite the increasing widespread adop-
tion and experience in minimally invasive liver resections 
(MILR), open conversion occurs not uncommonly even with 
minor resections and as been reported to be associated with 
inferior outcomes. We aimed to identify risk factors for and 
outcomes of open conversion in patients undergoing minor 
hepatectomies. We also studied the impact of approach (lap-
aroscopic or robotic) on outcomes.
Methods.  This is a post-hoc analysis of 20,019 patients 
who underwent RLR and LLR across 50 international cent-
ers between 2004–2020. Risk factors for and perioperative 
outcomes of open conversion were analysed. Multivariate 
and propensity score-matched analysis were performed to 
control for confounding factors.
Results.  Finally, 10,541 patients undergoing either lapa-
roscopic (LLR; 89.1%) or robotic (RLR; 10.9%) minor 
liver resections (wedge resections, segmentectomies) were 
included. Multivariate analysis identified LLR, earlier period 
of MILR, malignant pathology, cirrhosis, portal hyperten-
sion, previous abdominal surgery, larger tumor size, and 
posterosuperior location as significant independent predic-
tors of open conversion. The most common reason for con-
version was technical issues (44.7%), followed by bleeding 
(27.2%), and oncological reasons (22.3%). After propensity 
score matching (PSM) of baseline characteristics, patients 
requiring open conversion had poorer outcomes compared 
with successful MILR cases as evidenced by longer opera-
tive times, more blood loss, higher requirement for periop-
erative transfusion, longer duration of hospitalization and 
higher morbidity, reoperation, and 90-day mortality rates.
Conclusions.  Multiple risk factors were associated with 
conversion of MILR even for minor hepatectomies, and 
open conversion was associated with significantly poorer 
perioperative outcomes.

Minimally invasive liver resection (MILR) has been 
an exciting new endeavour that is now an essential part 
of a hepatobiliary surgeon’s armamentarium. Commonly 
reported benefits of the minimally invasive approach include 
reduced blood loss, fewer complications, and shorter hospi-
tal stays.1,2 With the advent of surgical technology, refine-
ment of patient selection, accumulation of surgical expertise, 
and development of anaesthetic protocols and experience, 
there are numerous robust studies in the current literature 
supporting improved perioperative outcomes with MILR 
compared with open liver resection (OLR).3–8 In addition, 
the 2014 Morioka consensus has proposed that MILR should 
be deemed the standard of care for minor liver resections.9 
Subsequently, the Southampton Consensus Guidelines has 
reported that when performed by expert surgeons, MILR 
offers significant advantages in terms of reduced risk of 

post-operative ascites and liver decompensation in patients 
with cirrhosis.10 Small parenchymal volumes, straight 
and superficial transection lines, anteromedial location of 
tumors, and predictable vascular anatomy are just some of 
the anatomical and technical characteristics that make minor 
liver resections ideal procedures for MILR.11,12 Today, 
MILR for minor liver resections is generally accepted to be 
the “gold standard” of treatment for benign and malignant 
hepatic tumors at specialized hepatobiliary centers.9,13–15

In recent years, there has been an interest and trend 
toward increasing utilization of the robotic platform for 
MILR. Its implementation in liver surgery is encouraged by 
the purported advantages provided by the robotic platform, 
including a magnified, stable, and three-dimensional (3D) 
view of the operative field, increased degrees of freedom, 
and tremor filtration—all of which work synergistically to 
allow finer and more precise movements during dissection 
and suturing.16 The robotic platform additionally allows for 
convenient proctoring with dual consoles.17 These technical 
advantages contribute to a plethora of existing reports that 
suggest a shorter learning curve and improved perioperative 
outcomes with robotic liver resection (RLR).13,18–22 There 
has, however, been a woeful lack of high-quality evidence 
comparing the rates of and reasons for conversion between 
RLR and laparoscopic liver resection (LLR) and a subse-
quent comparison between outcomes of converted RLR and 
LLR cases.

Our study was designed to identify risk factors and assess 
outcomes after open conversion during MILR for minor 
hepatectomies. Additionally, we investigated whether out-
comes of these converted cases differed significantly accord-
ing to the reasons for conversion and the surgical approach 
(RLR vs. LLR). Unlike previous studies, we have used pro-
pensity-score matching (PSM) to reduce confounding base-
line clinicopathological factors between successful MILR 
and converted cases, to ascertain factors independently 
predictive of conversion, and perioperative outcomes after 
conversion.

METHODS

This was a retrospective review of 20,019 patients who 
underwent RLR and LLR across 50 international cent-
ers between 2004–2020. The study was approved by the 
institution review board of the coordinating center (Singa-
pore General Hospital), which waived the need for patient 
consent. All other institutions obtained their respective 
approvals according to the local institution review board 
requirements. Anonymized data were collected in indi-
vidual centers. This was collated and analyzed at Sin-
gapore General Hospital. This study was designed and 
the results were reported according to the Strengthening 
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the Reporting of Observational Studies in Epidemiology 
statement.23

Only patients who underwent pure RLR or LLR were 
included. Laparoscopic-assisted (hybrid) and hand-
assisted laparoscopic resections were excluded. After 
exclusion of patients who underwent technical major 
hepatectomies (MH; right anterior and right posterior 
sectionectomies), conventional MH, and left lateral sec-
tionectomies (LLS), there were 12,222 patients. Patients 
who underwent multiple minor liver resections also were 
excluded. Finally, 10,541 cases met the study inclusion 
criteria; 1,148 (10.9%) patients underwent RLR, and 
9,392 (89.1%) patients underwent LLR.

Definitions

Liver resections were defined according to the 2000 
Brisbane classification.24 Our study population consisted 
of patients undergoing wedge resections, segmentecto-
mies, and bisegmentectomies. Of note, LLS and technical 
MH (right anterior and posterior sectionectomies) were 
excluded from our study in recognition of their com-
plexity (wide surface area of parenchymal transection, 
posteriorly oriented transection plane) and as supported 
by multiple MILR difficulty scores.8,25–28 Difficult pos-
terosuperior locations included tumors within segments 
I, VII, VIII, and IVa, whereas anterolateral segments 
included tumors in segments II, III, IVb, and VI. Dif-
ficulty of MILR was graded according to the IWATE 
score.26 Diameter of the largest lesion was used in the 
cases of multiple tumors. Reasons for open conversion 
were classified into bleeding-related, oncological reasons, 
and technical issues, such as dense adhesions, unable 
to localize tumor, slow progress, or injury to adjacent 
structures.

Our study period was divided into two equal intervals: 
2004–2012; 2013–2020. This was included in the analyses 
of factors associated with open conversion (taking into 
account the learning curve and early adopter effect). Peri-
operative and postoperative outcomes were recorded for 
up to 30 days or during the same hospitalization. Postop-
erative morbidity was classified according to the Clavien-
Dindo classification.29 Mortality was recorded up to 90 
postoperative days.

Statistical Analyses

We used PSM to estimate the effect of open conversion on 
the surgical outcomes of patients who underwent minor liver 
resection. For propensity-score matching, the propensity 
score is estimated with logistic regression. The factors used 
in calculating the propensity score are the baseline variables 

stated in Table 1. Patients with open conversion are matched 
1:1 by using nearest neighbor matching without replacement 
or discard, utilizing logit link, to patients without open con-
version. To improve matching, a small caliper of 0.2 is used. 
During matching, any patient with missing data in any of 
the variables used for matching will be discarded. The same 
methodology is reapplied to propensity-score matching for 
open conversion due to bleeding versus nonbleeding reasons, 
and open conversion in RLR versus LLR approaches.

For unpaired comparisons of frequencies categorical vari-
ables, chi-squared is used. For the unpaired comparisons of 
median values and interquartile ranges, Mann-Whitney U 
test is used. For paired sample tests, McNemar’s test is used 
for categorical variables and Wilcoxon signed-rank test is 
used for continuous variables not normally distributed.

Multivariate analysis of statistically significant variables 
is done via a generalized linear model. Odds ratio (OR) is 
expressed as odds of the first row to undergo open conver-
sion compared with odds of the second row to undergo open 
conversion. Software used is RStudio version 1.4.1717, R 
version 4.1.0.

RESULTS

A total of 20,019 patients underwent pure RLR and LLR, 
of which 10,541 cases met the final inclusion criteria. Of 
these patients, 1,148 (10.9%) underwent RLR, whereas 
9,293 (89.1%) underwent LLR. The conversion rate was 
2.4% (n = 27) and 5.4% (n = 510) for RLR and LLR respec-
tively. Of total patients, 3,317 (31.5%) were cirrhotics with 
957 (9.1%) suffering from concomitant portal hypertension. 
Of our study population, 6,894 (65.4%) underwent wedge 
resection, whereas the rest received anatomical hepatecto-
mies. Of hepatectomies, 2,427 (23.0%) were of IWATE high/
expert difficulty level. The overall conversion rate was 5.1% 
(n = 537) in the study population.

Risk Factors for Conversion to Open Surgery in Entire 
Population

Univariate and multivariate analysis of risk factors for 
open conversion are presented in Table 1. On multivari-
ate analysis, LLR (OR 0.40; 95% confidence interval [CI] 
0.27–0.59; p < 0.001), earlier period of MILR (OR 1.67; 
95% CI 1.33–2.08; p < 0.001), malignant pathology (OR 
1.40; 95% CI 1.05–1.89; p = 0.027), cirrhosis (OR 1.29; 
95% CI 1.03-1.60; p = 0.028), portal hypertension (OR 
1.51; 95% CI 1.12–2.02; p = 0.007), previous abdominal 
surgery (OR 1.36; 95% CI 1.13–1.64; p = 0.001), larger 
tumor size (OR 1.01; 95% CI 1.01–1.02; p < 0.001), 
and posterosuperior tumor location (OR 1.29; 95% CI 
1.06–1.58; p = 0.012) were significant independent pre-
dictors of open conversion.
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TABLE 1   Factors associated with and outcomes of open conversion (unmatched cohort)

Factors associated with open conversion Completed MIS N = 10,004 Open conversion N = 537 p MVA OR (95% CI) p

Median age (IQR), years 63.00 [54.00, 71.00] 63.00 [55.00, 72.00] 0.126
Gender, n (%) 0.067
 Male 6017 (94.6) 345 (5.4)
 Female 3981 (95.4) 192 (4.6)

Approach, n (%) <0.001 0.403 (0.265–0.588) <0.001
 RLR 1121 (97.6) 27 (2.4)
 LLR 8882 (94.6) 510 (5.4)

Period of resection, n (%) <0.001 1.665 (1.327–2.075) <0.001
 2004–2012 1600 (93.1) 118 (6.9)
 2013–2020 8404 (95.3) 419 (4.7)

Malignant tumor, n (%) 0.009 1.395 (1.046–1.888) 0.027
 Y 8335 (94.7) 471 (5.3)
 N 1665 (96.2) 66 (3.8)

Cirrhosis, n (%) 0.001 1.285 (1.025–1.604) 0.028
 Y 3112 (93.8) 205 (6.2)
 N 6888 (95.4) 332 (4.6)

Previous abdominal surgery, n (%) 0.01 1.359 (1.128–1.638) 0.001
 Y 4200 (94.2) 258 (5.8)
 N 5533 (95.4) 269 (4.6)

Previous liver surgery, n (%) 0.698
 Y 1055 (94.6) 60 (5.4)
 N 8949 (94.9) 477 (5.1)

Concomitant other surgery/ organ resection, 
n (%)

0.148

 Y 1406 (94.1) 88 (5.9)
 N 8597 (95.0) 449 (5.0)

ASA score, n (%) 0.04 1.17 (0.964–1.416) 0.110
 3/4 2874 (94.2) 177 (5.8)
 1/2 7128 (95.2) 360 (4.8)

Portal hypertension, n (%) <0.001 1.507 (1.116–2.019) 0.007
 Y 881 (92.1) 76 (7.9)
 N 9066 (95.2) 459 (4.8)

Multifocal tumor, n (%) 0.015 1.273 (0.945–1.686) 0.101
 Y 907 (93.2) 66 (6.8)
 N 9095 (95.1) 471 (4.9)

Median tumor size (IQR), mm 25.00 [16.00, 37.00] 30.00 [20.00, 45.00] <0.001 1.014 (1.010–1.018) <0.001
Extent of resection <0.001 0.882 (0.680–1.152) 0.350
 Wedge 6588 (95.6) 306 (4.4)
 Segmentectomy/bisegmentectomy 3415 (93.7) 231 (6.3)

Tumor location, n (%) <0.001 1.294 (1.057–1.581) 0.012
 Posterosuperior (1,4a,7,8) 3396 (93.9) 222 (6.1)
 Anterolateral (2,3,4b,5,6) 6608 (95.5) 314 (4.5)

Iwate score, n (%) <0.001 1.261 (0.935–1.705) 0.130
 High/expert 2248 (92.6) 179 (7.4)
 Low/intermediate 7752 (95.6) 358 (4.4)

Outcome of open conversion (unmatched cohort)
Median operation time (IQR), min 180.00 [120.00, 259.00] 240.00 [180.00, 310.00] <0.001
Intraoperative blood transfusion, n (%) <0.001
 Y 489 (4.9) 111 (20.7)
 N 9499 (95.1) 424 (79.3)
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Outcomes of Successful MILR Versus Open Conversion: 
Entire Cohort

A comparison of the perioperative outcomes between 
patients undergoing successful MILR and those requiring 
open conversion is shown in Table 1. In the unmatched 
entire cohort, open conversion was associated with longer 
operative time (240.0 vs. 180.0; p < 0.001), higher blood 
loss (300.0 vs. 100.0; p < 0.001), greater need for intra-
operative blood transfusions (20.7% vs. 4.9%; p < 0.001), 
longer duration of postoperative hospital stay (7.0 vs. 5.0; 
p < 0.001), higher postoperative all-morbidity (31.8% vs. 
15.2%; p < 0.001), and major-morbidity (9.9% vs. 4.3%; p < 
0.001), higher reoperation rates (2.8% vs. 1.0%; p < 0.001), 
and higher 30-day (0.9% vs. 0.1%; p < 0.001) and 90-day 
(1.3% vs. 0.3%; p < 0.001) mortality rates.

Outcomes of Successful MILR Versus Open Conversion: 
Matched Cohorts

After 1:1 PSM, two cohorts of 523 patients were analyzed. 
After matching, there were no remnant baseline clinopatho-
logical differences between patients undergoing successful 
MILR and open conversion except for portal hypertension 
(group undergoing successful MILR had significantly more 

patients with portal hypertension; p = 0.008). This comparison 
is demonstrated in Table 2.

In the analysis of perioperative outcomes in matched pop-
ulations, patients undergoing successful MILR were associ-
ated with shorter median operative times (195.5 vs. 240.0; 
p < 0.001), less blood loss (152.0 vs. 300.0; p < 0.001), 
decreased need for blood transfusion (6.1% vs. 20.9%; p < 
0.001), shorter duration of postoperative hospital stay (5.0 vs. 
7.0; p < 0.001), lower postoperative all-morbidity (15.5% vs. 
31.4%; p < 0.001) and major-morbidity (4.2% vs. 9.8%; p < 
0.001), lower reoperation rates (0.4% vs. 2.9%; p = 0.003), 
and lower 90-day mortality rates (0.0% vs. 1.3%; p = 0.023).

Comparison of Outcomes of Conversions According 
to Reason or Conversion (Bleeding vs. Other Causes)

Reasons for open conversion in our study cohort are listed 
in Table 3. Technical issues were the most common reason 
for open conversion (44.7%), with uncontrolled bleeding 
being the second-most common reason (27.2%). Technical 
issues faced most commonly included adhesions, limited 
exposure, injury to surrounding structures, and failure of 
progression.

After 1:1 PSM, there were no significant baseline clino-
pathological differences between patients who underwent 

ASA American Society of Anesthesiology; IMM Institut Mutualiste Montsouris; IQR interquartile range; MIS minimally invasive surgery; N no; 
Y yes

Table 1   (continued)

Factors associated with open conversion Completed MIS N = 10,004 Open conversion N = 537 p MVA OR (95% CI) p

Median estimated blood loss (IQR), ml 100.00 [50.00, 300.00] 300.00 [150.00, 800.00] <0.001
Blood loss, n (%) <0.001
 ≥500 1156 (12.1) 189 (39.5)
 <500 8376 (87.9) 290 (60.5)

Median postoperative hospitalization (IQR), 
days

5.00 [3.00, 7.00] 7.00 [5.00, 9.00] <0.001

Postoperative morbidity, n (%) <0.001
 Y 1520 (15.2) 170 (31.8)
 N 8483 (84.8) 365 (68.2)

Major morbidity (> grade 2), n (%) <0.001
 Y 433 (4.3) 53 (9.9)
 N 9570 (95.7) 482 (90.1)

Reoperation, n (%) <0.001
 Y 99 (1.0) 15 (2.8)
 N 9905 (99.0) 522 (97.2)

30-day readmission, n (%) 0.311
 Y 322 (3.2) 22 (4.1)
 N 9675 (96.8) 512 (95.9)

Mortality, n (%) <0.001
 30-day 15 (0.1) 5 (0.9)
 In-hospital 20 (0.2) 5 (0.9)
 90-day 27 (0.3) 7 (1.3)
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TABLE 2   Outcomes after 1:1 PSM of patients who had open conversion versus those without open conversions

Baseline characteristics after 1:1 PSM Completed MIS N = 523 Open conversion N = 523 p (matched) SMD

Median age (IQR), years 64.72 [55.00, 73.00] 63.00 [55.00, 72.00] 0.204 0.050
Gender, n (%) 0.947 0.008
 Male 337 (49.9) 339 (50.1)
 Female 186 (50.3) 184 (49.7)

Approach, n (%) 0.626 0.033
 RLR 31 (53.4) 27 (46.6)
 LLR 492 (49.8) 496 (50.2)

Period of resection, n (%) 0.683 0.028
 2004–2012 104 (48.6) 110 (51.4)
 2013–2020 419 (50.4) 413 (49.6)

Malignant tumor, n (%) 0.534 0.041
 Y 464 (50.4) 457 (49.6)
 N 59 (47.2) 66 (52.8)

Cirrhosis, n (%) 0.244 0.075
 Y 212 (52.3) 193 (47.7)
 N 311 (48.5) 330 (51.5)

Previous abdominal surgery, n (%) 0.196 0.081
 Y 235 (47.9) 256 (52.1)
 N 288 (51.9) 267 (48.1)

Previous liver surgery, n (%) 0.315 0.070
 Y 47 (44.8) 58 (55.2)
 N 476 (50.6) 465 (49.4)

Concomitant other surgery/organ resection, n (%) 0.935 0.010
 Y 88 (50.6) 86 (49.4)
 N 435 (49.9) 437 (50.1)

ASA score, n (%) 0.613 0.032
 3/4 184 (51.1) 176 (48.9)
 1/2 339 (49.4) 347 (50.6)

Portal hypertension, n (%) 0.008 0.156
 Y 107 (58.5) 76 (41.5)
 N 416 (48.2) 447 (51.8)

Multifocal tumor, n (%) 0.614 0.036
 Y 63 (52.5) 57 (47.5)
 N 460 (49.7) 466 (50.3)

Median tumor size (IQR), mm 30.00 [20.00, 43.00] 30.00 [20.00, 45.00] 0.089
Extent of resection 0.788 0.019
 Wedge 291 (49.6) 296 (50.4)
 Segmentectomy 232 (50.5) 227 (49.5)

Tumor location, n (%) 0.744 0.023
 Posterosuperior 212 (49.3) 218 (50.7)
 Anterolateral 311 (50.5) 305 (49.5)

Iwate score, n (%) 0.507 0.04
 High/expert 187 (51.4) 177 (48.6)
 Low/intermediate 336 (49.3) 346 (50.7)

Outcomes after open conversion (1:1 PSM)
Median operation time (IQR), min 195.50 [135.00, 285.00] 240.00 [180.00, 310.00] <0.001 0.322
Intraoperative blood transfusion, n (%) <0.001 0.443
 Y 32 (6.1) 109 (20.9)
 N 491 (93.9) 412 (79.1)

Median estimated blood loss (IQR), ml 152.00 [50.00, 335.00] 300.00 [150.00, 800.00] <0.001 0.537
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open conversion for uncontrolled bleeding versus other 
causes (Table 4). A comparison of outcomes demonstrated 
that patients who required open conversion because of 
uncontrolled bleeding had longer operative times (250.0 vs. 
230.0; p = 0.047). Not unexpectedly, this group suffered 
from greater blood loss and a higher rate of intraoperative 
blood transfusions. However, there were no significant dif-
ferences in terms of duration of postoperative hospitalization 
duration, morbidity, mortality, readmission, and reoperation 
rates.

Outcomes of Conversions According to MILR Approach 
(RLR vs. LLR)

Conversions occurred in 27 (2.4%) and 510 (5.4%) 
patients undergoing RLR and LLR respectively. After 1:1 
PSM, it was found that patients who underwent open conver-
sion with RLR were still more likely to possess multifocal 

disease than their counterparts undergoing open conversion 
during LLR (p < 0.001) (Table 5). There were no other sig-
nificant baseline clinicopathological differences between 
patients who underwent open conversion as part of RLR or 
LLR. Our study reports no significant differences in periop-
erative outcomes of open conversion between the RLR and 
LLR group in terms of operative time, blood loss, hospi-
talization duration, morbidity, mortality, reoperation, and 
readmission.

DISCUSSION

This study was designed to identify risk factors associ-
ated with open conversion of minor liver resections and to 
assess perioperative outcomes in patients who underwent 
open conversion. A substantial number of patients analyzed 
underwent RLR (n = 1,148), permitting analysis on the dif-
ferences between RLR and LLR approaches with regards to 
rates of and outcomes after open conversion. We reported 
an overall conversion rate of 5.1%, a result largely compa-
rable and reflective of the current literature available.1,2,30,31 
The leading cause of open conversion in our study was 
technical difficulties, unlike previous studies that reported 
bleeding as the most common cause.30–33 With wedge resec-
tions and segmentectomies forming our study population, 
smaller parenchymal transection planes and decreased need 
for dissection and control of major Glissonian pedicles and 
hepatic veins makes uncontrolled hemorrhage a relatively 

Table 2   (continued)

Baseline characteristics after 1:1 PSM Completed MIS N = 523 Open conversion N = 523 p (matched) SMD

Blood loss, n (%) <0.001 0.52
 ≥500 86 (17.2) 186 (40.0)
 <500 413 (82.8) 279 (60.0)

Median postoperative stay (IQR), days 5.00 [3.00, 7.00] 7.00 [5.00, 9.00] <0.001 0.347
Postoperative morbidity, n (%) <0.001 0.383
 Y 81 (15.5) 164 (31.4)
 N 442 (84.5) 358 (68.6)

Major morbidity (> grade 2), n (%) <0.001 0.220
 Y 22 (4.2) 51 (9.8)
 N 501 (95.8) 471 (90.2)

Reoperation, n (%) 0.003 0.198
 Y 2 (0.4) 15 (2.9)
 N 521 (99.6) 508 (97.1)

30-day readmission, n (%) 0.877 0.018
 Y 24 (4.6) 22 (4.2)
 N 498 (95.4) 498 (95.8)

Mortality, n (%)
 30-day 0 (0.0) 5 (1.0) 0.073 0.139
 In-hospital 0 (0.0) 5 (1.0) 0.073 0.139
 90-day 0 (0.0) 7 (1.3) 0.023 0.165

TABLE 3   Reasons for open conversion (n = 537)

Reason N (%)

Bleeding 146 (27.2)
Anaesthesia related 10 (1.9)
Oncological concerns 120 (22.3)
Technical issues 240 (44.7)
Unknown 21 (3.9)
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TABLE 4   Baseline characteristics and outcomes of MILR stratified by bleeding vs non-bleeding reasons for open conversion

Baseline characteristics Reason for conversion (unmatched) Reason for conversion (PSM)

Bleeding N = 146 Non bleeding N = 391 p Bleeding N = 144 Nonbleeding N = 144 p

Median age (IQR), 
years

62.00 [55.00, 70.94] 65.00 [55.00, 72.47] 0.149 62.00 [55.00, 70.81] 62.50 [52.00, 71.05] 0.897

Gender, n (%) 0.952 0.815
 Male 93 (27) 252 (73) 93 (49.2) 96 (50.8)
 Female 53 (27.6) 139 (72.4) 51 (51.5) 48 (48.5)

Approach, n (%) 0.338 0.149
 RLR 10 (37) 17 (63) 10 (71.4) 4 (28.6)
 LLR 136 (26.7) 374 (73.3) 134 (48.9) 140 (51.1)

Period of resection, 
n (%)

0.204 1.000

 2004–2012 38 (32.2) 80 (67.8) 36 (50.0) 36 (50.0)
 2013–2020 108 (25.8) 311 (74.2) 108 (50.0) 108 (50.0)

Malignant tumor, n (%) 0.870 1.000
 Y 127 (27) 344 (73) 125 (50.0) 125 (50.0)
 N 19 (28.8) 47 (71.2) 19 (50.0) 19 (50.0)

Cirrhosis, n (%) 0.011 0.583
 Y 69 (33.7) 136 (66.3) 68 (48.2) 73 (51.8)
 N 77 (23.2) 255 (76.8) 76 (51.7) 71 (48.3)

Previous abdominal 
surgery, n (%)

0.079 0.807

 Y 61 (23.6) 197 (76.4) 61 (51.3) 58 (48.7)
 N 83 (30.9) 186 (69.1) 83 (49.1) 86 (50.9)

Previous liver surgery, 
n (%)

0.577 1.000

 Y 14 (23.3) 46 (76.7) 14 (50.0) 14 (50.0)
 N 132 (27.7) 345 (72.3) 130 (50.0) 130 (50.0)

Concomitant other sur-
gery/organ resection, 
n (%)

0.006 1.000

 Y 13 (14.8) 75 (85.2) 12 (48) 13 (52)
 N 133 (29.6) 316 (70.4) 132 (50.2) 131 (49.8)

ASA score, n (%) 1.000 1.000
 3/4 48 (27.1) 129 (72.9) 48 (50.0) 48 (50.0)
 1/2 98 (27.2) 262 (72.8) 96 (50.0) 96 (50.0)

Portal hypertension, 
n (%)

0.003 0.860

 Y 32 (42.1) 44 (57.9) 32 (48.5) 34 (51.5)
 N 114 (24.8) 345 (75.2) 112 (50.5) 110 (49.5)

Multifocal tumor, n (%) 1.000 0.607
 Y 18 (27.3) 48 (72.7) 16 (44.4) 20 (55.6)
 N 128 (27.2) 343 (72.8) 128 (50.8) 124 (49.2)

Median tumor size 
(IQR), mm

30.00 [20.00, 40.00] 30.00 [20.00, 46.00] 0.812 30.00 [20.00, 40.50] 31.50 [20.00, 45.00] 0.567

Extent of resection 0.058 0.899
 Wedge 73 (23.9) 233 (76.1) 72 (50.7) 70 (49.3)
 Segmentectomy 73 (31.6) 158 (68.4) 72 (49.3) 74 (50.7)

Tumor location, n (%) 0.116 0.892
 Posterosuperior 52 (23.4) 170 (76.6) 52 (49.1) 54 (50.9)
 Anterolateral 94 (29.9) 220 (70.1) 92 (50.5) 90 (49.5)

Iwate score, n (%) 0.81 0.625
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lesser concern. Conversely, the posterosuperior and non-
anatomical planes of transection commonly encountered in 
patients of our study population make for unergonomic and 
technically more demanding retraction and dissection, even 
compared with comparatively more “major resections,” such 
as left hepatectomies or LLS. In addition, this result could 
be explained by our study lacking a subgroup analysis under 
the “technical difficulties” category, a factor commonly sub-
divided in other studies into inability to identify the tumor, 
adhesions, difficulties with exposure, injury to surrounding 
structures or failure of progression.30–33

Remaining less common reasons for open conversion 
included anesthetic and oncological concerns. Given the 
prevalence of MILR for minor hepatectomies today, this 
study serves as an important guide for risk stratification and 
identification of patients at high risk for open conversion and 
offers an insight into the perioperative outcomes of these 
patients who undergo unexpected conversion. Importantly, 
this study is the first major study to make use of PSM to 
reduce confounding baseline clinicopathological biases 
when comparing outcomes of open conversion between 
different groups of patients (successful MILR vs. open 

Table 4   (continued)

Baseline characteristics Reason for conversion (unmatched) Reason for conversion (PSM)

Bleeding N = 146 Non bleeding N = 391 p Bleeding N = 144 Nonbleeding N = 144 p

 High/expert 47 (26.3) 132 (73.7) 47 (47.5) 52 (52.5)
 Low/intermediate 99 (27.7) 259 (72.3) 97 (51.3) 92 (48.7)

Outcomes after conver-
sion

Median operation time 
(IQR), min

250.00 [200.00, 
328.00]

230.00 [180.00, 
301.50]

0.030 250.00 [200.00, 
329.00]

230.00 [180.00, 
300.00]

0.047

Intraoperative blood 
transfusion, n (%)

<0.001 <0.001

 Y 59 (40.4) 52 (13.4) 59 (41.0) 18 (12.7)
 N 87 (59.6) 337 (86.6) 85 (59.0) 124 (87.3)

Median estimated 
blood loss (IQR), ml

700.00 [300.00, 
1500.00]

265.00 [100.00, 
500.00]

<0.001 750.00 [300.00, 
1500.00]

300.00 [100.00, 
500.00]

<0.001

Blood loss, n (%) <0.001 <0.001
 ≥500 84 (61.3) 105 (30.7) 84 (62.2) 37 (28.9)
 <500 53 (38.7) 237 (69.3) 51 (37.8) 91 (71.1)

Median postoperative 
stay (IQR), days

7.00 [5.00, 9.00] 7.00 [5.00, 9.00] 0.270 7.00 [5.00, 9.50] 6.00 [5.00, 8.25] 0.200

Postoperative morbid-
ity, n (%)

0.180 0.349

 Y 53 (36.6) 117 (30.0) 51 (35.7) 42 (29.2)
 N 92 (63.4) 273 (70.0) 92 (64.3) 102 (70.8)

Major morbidity (> 
grade 2), n (%)

0.178 0.054

 Y 19 (13.1) 34 (8.7) 19 (13.3) 8 (5.6)
 N 126 (86.9) 356 (91.3) 124 (86.7) 136 (94.4)

Reoperation, n (%) 0.403 0.289
 Y 6 (4.1) 9 (2.3) 6 (4.2) 2 (1.4)
 N 140 (95.9) 382 (97.7) 138 (95.8) 142 (98.6)

30-day readmission, 
n (%)

0.801 1.000

 Y 5 (3.4) 17 (4.4) 5 (3.5) 5 (3.5)
 N 141 (96.6) 371 (95.6) 139 (96.5) 137 (96.5)

Mortality, n (%)
 30-day 3 (2.1) 2 (0.5) 0.249 3 (2.1) 0 (0.0) 0.248
 In-hospital 3 (2.1) 2 (0.5) 0.249 3 (2.1) 0 (0.0) 0.248
 90-day 4 (2.7) 3 (0.8) 0.172 4 (2.8) 0 (0.0) 0.134
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TABLE 5   Baseline characteristics and outcomes of MILR stratified by RLR and LLR in patients undergoing open conversion

Baseline characteristics Unmatched 1:1 PSM

Open conversion after 
RLR N = 27

Open conversion after 
LLR N = 510

p Open conversion after 
RLR N = 23

Open conversion after 
LLR N = 23

p

Median age (IQR), yrs 63.00 [56.00, 68.50] 63.48 [55.00, 72.00] 0.436 63.00 [56.00, 68.50] 63.00 [58.38, 72.44] 0.807
Gender, n (%) 0.635 0.752
 Male 19 (5.5) 326 (94.5) 16 (53.3) 14 (46.7)
 Female 8 (4.2) 184 (95.8) 7 (43.8) 9 (56.3)

Period of resection, 
n (%)

0.836 1.000

 2004–2012 5 (4.2) 113 (95.8) 5 (55.6) 4 (44.4)
 2013–2020 22 (5.3) 397 (94.7) 18 (48.6) 19 (51.4)

Malignant tumor, n (%) 1.000 1.000
 Y 24 (5.1) 447 (94.9) 20 (50.0) 20 (50.0)
 N 3 (4.5) 63 (95.5) 3 (50.0) 3 (50.0)

Cirrhosis, n (%) 0.254 1.000
 Y 7 (3.4) 198 (96.6) 7 (53.8) 6 (46.2)
 N 20 (6) 312 (94) 16 (48.5) 17 (51.5)

Previous abdominal 
surgery, n (%)

0.195 0.114

 Y 17 (6.6) 241 (93.4) 13 (40.6) 19 (59.4)
 N 10 (3.7) 259 (96.3) 10 (71.4) 4 (28.6)

Previous liver surgery, 
n (%)

0.342 1.000

 Y 1 (1.7) 59 (98.3) 1 (50.0) 1 (50.0)
 N 26 (5.5) 451 (94.5) 22 (50.0) 22 (50.0)

Concomitant other sur-
gery/organ resection, 
n (%)

0.001 0.724

 Y 11 (12.5) 77 (87.5) 7 (58.3) 5 (41.7)
 N 16 (3.6) 433 (96.4) 16 (47.1) 18 (52.9)

ASA score, n (%) <0.001 1.000
 3/4 20 (11.3) 157 (88.7) 16 (50.0) 16 (50.0)
 1/2 7 (1.9) 353 (98.1) 7 (50.0) 7 (5050.0

Portal hypertension, 
n (%)

0.186 1.000

 Y 1 (1.3) 75 (98.7) 1 (50.0) 1 (50.0)
 N 26 (5.7) 433 (94.3) 22 (50.0) 22 (50.0)

Multifocal tumor, n (%) 0.623 <0.001
 Y 2 (3.0) 64 (97.0) 2 (100.0) 0 (0.0)
 N 25 (5.3) 446 (94.7) 21 (47.7) 23 (52.3)

Median tumor size 
(IQR), mm

25.00 [20.00, 40.00] 30.00 [20.00, 45.00] 0.521 30.00 [22.00, 45.00] 20.00 [13.50, 32.50] 0.127

Extent of resection 0.964 0.546
 Wedge 16 (5.2) 290 (94.8) 13 (44.8) 16 (55.2)
 Segmentectomy 11 (4.8) 220 (95.2) 10 (58.8) 7 (41.2)

Tumor location, n (%) 0.282 1.000
 Posterosuperior 8 (3.6) 214 (96.4) 8 (47.1) 9 (52.9)
 Anterolateral 19 (6.1) 295 (93.9) 15 (51.7) 14 (48.3)

Iwate score, n (%) 0.834 0.131
 High/expert 8 (4.5) 171 (95.5) 8 (72.7) 3 (27.3)
 Low/intermediate 19 (5.3) 339 (94.7) 15 (42.9) 20 (57.1)
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conversion, conversion due to bleeding vs. other causes, 
RLR vs. LLR patients undergoing conversion).

Our study identified several factors independently 
associated with open conversion during MILR for minor 
hepatectomy. Cirrhosis and portal hypertension are factors 
commonly reported to be associated with increased techni-
cal difficulty of MILR.33–37 This is largely attributed to its 
association with coagulopathy, stiff parenchyma, distorted 
biliovascular anatomy, and difficult intraoperative localiza-
tion of tumor margins (especially for deeply located lesions 
and lesions in postero-superior segments). Unsurprisingly, 
larger tumors also were strongly associated with higher rates 
of open conversion, likely because of technical difficulties in 
mobilization, extensive adhesions to surrounding structures, 

anatomical distortion, development of dense collaterals, and 
oncological concerns with obtaining clear margins.33,38–40 
The association of MILR involving tumors in difficult pos-
terosuperior locations and open conversion was not unex-
pected, given the recognition of this technically challeng-
ing approach amongst the majority of difficulty scores in 
today’s literature.25–28 Furthermore, with a large proportion 
of patients in our study undergoing nonanatomical wedge 
resections, tumor location proved to be a specifically impor-
tant consideration given the need for optimal exposure and 
access to these posterosuperior locations (as opposed to 
patients undergoing anatomical hepatectomies where paren-
chymal transection lines may not require a similarly optimal 
exposure of the actual tumor location). An earlier period of 

Table 5   (continued)

Baseline characteristics Unmatched 1:1 PSM

Open conversion after 
RLR N = 27

Open conversion after 
LLR N = 510

p Open conversion after 
RLR N = 23

Open conversion after 
LLR N = 23

p

Outcomes after open conversion
Median operation time 

(IQR), min
269.00 [214.75, 

307.50]
236.50 [180.00, 

310.00]
0.087 277.00 [231.75, 

375.00]
248.00 [206.25, 

335.25]
0.147

Intraoperative blood 
transfusion, n (%)

0.158 0.114

 Y 9 (33.3) 102 (20.1) 9 (39.1) 3 (13.0)
 N 18 (66.7) 406 (79.9) 14 (60.9) 20 (87.0)

Median estimated 
blood loss (IQR), ml

500.00 [100.00, 
1100.00]

300.00 [150.00, 
800.00]

0.249 700.00 [300.00, 
1300.00]

200.00 [150.00, 
700.00]

0.365

Blood loss, n (%) 0.268 0.546
 ≥500 13 (52.0) 176 (38.8) 12 (57.1) 6 (35.3)
 <500 12 (48.0) 278 (61.2) 9 (42.9) 11 (64.7)

Median postoperative 
stay (IQR), days

7.00 [5.00, 8.00] 7.00 [5.00, 9.00] 0.995 6.00 [5.00, 8.00] 6.00 [4.50, 7.00] 0.192

Postoperative morbid-
ity, n (%)

0.378 1.000

 Y 6 (22.2) 164 (32.3) 5 (21.7) 6 (26.1)
 N 21 (77.8) 344 (67.7) 18 (78.3) 17 (73.9)

Major morbidity (> 
grade 2), n (%)

0.437 1.000

 Y 1 (3.7) 52 (10.2) 1 (4.3) 1 (4.3)
 N 26 (96.3) 456 (89.8) 22 (95.7) 22 (95.7)

Reoperation, n (%) 0.371 1.000
 Y 2 (7.4) 13 (2.5) 1 (4.3) 1 (4.3)
 N 25 (92.6) 497 (97.5) 22 (95.7) 22 (95.7)

30-day readmission, 
n (%)

0.700 1.000

 Y 2 (7.4) 20 (3.9) 2 (8.7) 1 (4.3)
 N 25 (92.6) 487 (96.1) 21 (91.3) 22 (95.7)

Mortality, n (%)
 30-day 0 (0.0) 5 (1.0) 1.000 0 (0.0) 0 (0.0) NA
 In-hospital 0 (0.0) 5 (1.0) 1.000 0 (0.0) 0 (0.0) NA
 90-day 0 (0.0) 7 (1.4) 1.000 0 (0.0) 1 (4.3) 1.000
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MILR was expectedly associated with higher rates of open 
conversion, representing the early-adopter phenomenon and 
reflecting the learning curve that is associated with MILR.13 
RLR was significantly associated with fewer open conver-
sions compared with LLR, which may be attributed to the 
advantages of the robotic platform. However, these find-
ings could possibly be attributed to better patient selection, 
increased surgeon experience in MILR, and a reluctance 
for a surgeon to convert to open surgery. Unsurprisingly, 
malignant pathology and previous abdominal surgery were 
found to be significant predictors of open conversion, largely 
attributable to technical difficulties with adhesions, expo-
sure, mobilization, and obtaining surgical margins.

Our study confirms multiple, previous reports of poorer 
outcomes in patients undergoing MILR with open conver-
sion.30–37,41,42 This association with poorer outcomes were, 
however, confounded by the significant association of 
patients undergoing open conversion with poorer baseline 
physiology and more unfavorable clinicopathological char-
acteristics. As demonstrated in Table 1, patients undergoing 
open conversion were significantly associated with an ear-
lier period of resection, higher rates of cirrhosis, previous 
abdominal surgery, higher ASA score, portal hypertension, 
multifocal disease, and a larger tumor size. In addition, open 
conversion amounts to a negation of all purported benefits of 
the minimally invasive approach. In an attempt to determine 
whether open conversion in itself was a significant risk fac-
tor for poorer perioperative outcomes, PSM matching was 
used to control for baseline clinicopathological differences. 
Results in Table 2 suggest that a failed MILR is in itself a 
strong contributory factor to poorer perioperative outcomes 
(longer operative time, more blood loss, and need for intra-
operative transfusion, longer duration of hospital stay, lower 
postoperative morbidity, mortality, and reoperation rates). 
This is supported by multiple previous studies and highlights 
the importance of MIS surgeons selecting cases concord-
ant with their level of expertise and experience, even in the 
context of MILR for minor hepatectomies being considered 
the standard of care in many tertiary institutions today.31–33

Additional analysis was performed on the outcomes 
of converted MILRs based on the reason for conversion 
(bleeding vs. nonbleeding causes). With no significant dif-
ferences in baseline characteristics after PSM, our study 
demonstrated that apart from a longer operative time and 
expectedly greater blood loss, there were no other signifi-
cant differences in perioperative outcomes based on the rea-
son for conversion (duration of hospitalization, morbidity, 
mortality, readmission, and reoperation). This is contrary 
to previous reports, suggesting poorer outcomes (higher 
morbidity and mortality rates) associated with open con-
version due to uncontrolled bleeding compared with other 
causes.30,31,33,41,42 In addition, the majority of current studies 
report uncontrolled bleeding as the most common reason 

for open conversion in contrast to technical difficulties in 
ours.30–34,41,42 One likely explanation for this is the inclu-
sion of patients undergoing MH and LLS in almost all of 
these studies.33,42 The association of these procedures with 
larger parenchymal transection surfaces and the need for 
dissection, control, and ligation of major vascular and Glis-
sonian structures makes uncontrolled bleeding a common 
concern in these operations. In contrast, wedge resections 
and segmentectomies have a smaller cut surface area and 
less commonly require the extent of dissection and hemo-
stasis associated with major hepatic vasculature. Moreover, 
the majority of these studies report the extent of resection 
as a factor significantly predictive of open conversion in 
itself.30,33,41 This highlights the unique prevalence of tech-
nical challenges (adhesions, exposure, proximity, and injury 
to surrounding structures) in minor MILR compared with 
the primary concern of hemorrhage control in major hepa-
tectomies, a phenomenon specifically exemplified in “minor 
hepatectomies” of a higher difficulty level with posterosu-
periorly located parenchymal transection planes that makes 
exposure and dissection extremely unergonomic. 

Our study reports a 60% risk reduction (OR 0.403) in 
conversion to open surgery with assistance from the robotic 
platform. The conversion rate for pure LLR (5.4%) was more 
than two times as high than when the robotic platform was 
used (2.4%). Furthermore, these results remained significant 
after multivariate analysis, indicating that utilization of the 
robotic platform is an independently significant predictor of 
successful MILR. Important comparisons can be made to 
two previous studies comparing the outcomes of LLR and 
RLR. Wang et al. reported on equivalent outcomes between 
LLR and RLR in a cohort of 2,445 patients undergoing 
MILR for LLS.42 In contrast, Montalti et al. reported sig-
nificantly lower conversion rates with the RLR platform in 
a study that included 3,880 patients undergoing exclusively 
MH.33 With its relatively short and anterior parenchymal 
transection line, LLS has been widely regarded as the opti-
mal procedure for MIS hepatobiliary surgeons mounting the 
learning curve.8–12 It has been postulated in previous stud-
ies that the benefits of a robotic platform are fully realized 
only in technically more demanding technical and conven-
tional MH.23,33,42–45 Our study included patients undergoing 
MILR for wedge resections and segmentectomies and found 
a significantly lower conversion rate with the RLR platform 
as well. Of note, our study included 34.3% (n = 3,618) of 
patients with posterosuperior tumors, and 23.0% (n = 2,427) 
of patients who underwent IWATE high/expert difficulty 
resections. In line with abovementioned observations of the 
unique technical difficulties associated with wedge resec-
tions and segmentectomies in unfavourable locations, our 
study shows that the benefits of the robotic platform extends 
to patients undergoing minor hepatectomies as well. RLR 
provides a stable magnified view of the operative field, with 
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articulating instruments providing much-required flexibil-
ity and maneuverability in unergonomic dissection planes. 
Furthermore, the fourth robotic arm provides stable organ 
retraction when dealing with larger tumors or a heavy right 
hepatic lobe.33

We performed comparisons in Table 5 between periopera-
tive outcomes of converted patients after initial attempts at 
LLR versus RLR. No significant differences were found in 
terms of blood loss, operative time, morbidity, mortality, and 
reoperation rates. It has been a common fear amongst robotic 
surgeons that emergency conversion during robotic surgery 
represents a more challenging and time-consuming exercise, 
contributing to detrimental perioperative and postoperative 
outcomes. The main concern revolves around an inability 
to achieve swift and complete control of the operative field 
due to the time required for robot undocking. Of course, 
reluctance to convert once the robotic platform has been 
chosen because of higher costs considerations is a factor 
that cannot be denied.46 With wedge resections and segmen-
tectomies, conversions to open largely arose from technical 
difficulties and nonprogression as opposed to uncontrolled 
bleeding. Conceivably, the additional minutes required for 
robot undocking and open conversion did not have signifi-
cant impact on perioperative outcomes. The reduced rates 
of conversion and similar outcomes even when conversion 
is required suggests that RLR might be an ideal platform for 
difficult minor hepatectomies.

This study has important clinical implications, because it 
will serve as an important guide for surgeons embarking and 
performing MILR to enable better selection of patients for 
the minimally invasive approach. This will hopefully reduce 
the rate of unplanned open conversion, which we have dem-
onstrated to be associated with worst outcomes. Although 
cost-analysis was not performed in this study, it is likely that 
an unplanned open conversion also would result in a signifi-
cant cost increase as demonstrated with other laparoscopic 
procedures.47

Our study was associated with several limitations. The 
lack of a control group of patients undergoing planned 
open hepatectomy precludes a definitive comparison to 
clarify whether open conversion in itself is responsible for 
poorer perioperative outcomes. The retrospective nature 
of our study carries with selection biases, whereas PSM 
was only able to control for known confounders. While we 
were able to control for the early adopter effect (stratifica-
tion according to time period), it was not possible to take 
into account individual surgeon experience and interinsti-
tutional differences in expertise and infrastructure. Being 
an international study, there exists a degree of heterogene-
ity between selection criteria (for MILR), surgeon expe-
rience, anesthetic expertise, and postoperative protocols. 
Nevertheless, this heterogeneity contributes to the gen-
eralizability of our findings as well. Another potential 

confounder arises from the fact that the robotic platform 
is commonly utilized only by more experienced MILR sur-
geons with extensive exposure to LLR already.48,49 Lastly, 
inherent information biases associated with retrospective 
studies also could result in inaccuracies, such as the reason 
for open conversion.

CONCLUSIONS

Our study highlights the factors associated with open 
conversion in minor hepatectomies (wedge resections and 
segmentectomies). Patients undergoing open conversion had 
poorer outcomes compared with those undergoing success-
ful MILR. There was no difference between perioperative 
outcomes when patients were analyzed according to the 
cause for open conversion (bleeding vs. nonbleeding). The 
robotic platform was shown to be a significant predictor for 
lower conversion rates, while demonstrating comparable 
perioperative outcomes even after open conversion. Larger 
randomized studies will have to be undertaken to confirm 
our results.
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