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Abstract

Introduction: To assess the impact of cirrhosis and portal hypertension (PHT) on technical
difficulty and outcomes of minimally invasive liver resection (MILR) in the posterosuperior
segments.

Methods: This is a post-hoc analysis of patients with primary malignancy who underwent
laparoscopic and robotic wedge resection and segmentectomy in the posterosuperior segments
between 2004 and 2019 in 60 centers. Surrogates of difficulty (i.e, open conversion rate,
operation time, blood loss, blood transfusion, and use of the Pringle maneuver) and outcomes
were compared before and after propensity-score matching (PSM) and coarsened exact matching
(CEM).

Results: Of the 1954 patients studied, 1290 (66%) had cirrhosis. Among the cirrhotic patients,
310 (24%) had PHT. After PSM, patients with cirrhosis had higher intraoperative blood
transfusion (14% vs. 9.3%; p = 0.027) and overall morbidity rates (20% vs. 14.5%; p = 0.023)
than those without cirrhosis. After coarsened exact matching (CEM), patients with cirrhosis tended
to have higher intraoperative blood transfusion rate (12.1% vs. 6.7%; p = 0.059) and have higher
overall morbidity rate (22.8% vs. 12.5%; p = 0.007) than those without cirrhosis. After PSM,
Pringle maneuver was more frequently applied in cirrhotic patients with PHT (62.2% vs. 52.4%; p
= 0.045) than those without PHT.

Conclusion: MILR in the posterosuperior segments in cirrhotic patients is associated with higher
intraoperative blood transfusion and postoperative morbidity. This parameter should be utilized in
the difficulty assessment of MILR.
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INTRODUCTION

Liver resection (LR) is one of the first-line curative treatments for patients with compensated
cirrhosis and primary malignancy. In the setting of LR, cirrhosis has been associated with
increased intraoperative bleeding, liver decompensation, morbidity, and mortality.

It has been suggested that minimally-invasive surgery may offer better tolerance in cirrhotic
patients as the laparoscopic approach has been shown to decrease the complications after
liver surgery 1=/, Since the seminal consensus meeting in 2008 8 and its subsequent

updates % 10, the adoption of minimally invasive liver resection (MILR) has been increasing
worldwide. MILR in the anterolateral segments, even in selected patients with cirrhosis, has
been considered safe and effective. More recently, MILR in the posterosuperior segments,
(the*difficult segments”) have been performed with comparable outcomes to the open
approach 11714, The extent of resection as well as the quality and quantity of remnant liver
have been the main considerations when planning an open LR, while additional factors such
as location and size of tumor, and proximity to vessels have been the main considerations
when planning a MILR. However, the impact of cirrhosis on the difficulty and outcomes of
MILR has still not been clearly defined.

To date, four major difficulty-scoring systems (DSS) are commonly utilized to grade the
technical difficulty of MILR 1519, Although the Iwate system 18 was the only system to
consider the degree of cirrhosis; it considers only Child-Pugh B cirrhosis as a significant
factor of difficulty and does not distinguish between patients with Child-Pugh A cirrhosis
and those without cirrhosis. Recently, a nationwide multicenter survey showed that cirrhosis
was an independent risk factor for impaired outcomes, including mortality, in patients
undergoing MILR, even in expert centers 20. Moreover, center expertise was found as an
independent protective factor against postoperative liver failure in cirrhotic patients and was
also associated with successful completion of resections of the posterosuperior segments.
However, there were several limitations worth highlighting in this study 20. Firstly, it
included MILR for all pathologies including liver metastases and benign tumors which were
more likely to be in the non-cirrhotic arm and a potential confounder. Secondly, it included
all types and extent of liver resections in the analyses. It has been demonstrated previously
that the impact of cirrhosis on the outcomes of MILR differs with the extent and difficulty of
the liver resections 21,

Hence, in this study, we aimed to assess the impact of cirrhosis and portal hypertension
on the technical difficulty and outcomes of MILR for primary liver malignancies in the
posterosuperior segments.

Eur J Surg Oncol. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Limetal.

METHODS

Page 3

Study design

Definitions

This was a retrospective analysis of 5466 patients from 60 centers who underwent pure
laparoscopic and robotic minor liver resections of the posterosuperior segments between
2004 and 2020. Of these, 2515 MI-LLR were performed for hepatocellular carcinoma
(HCC), hepatocholangiocarcinoma or intrahepatic cholangiocarcinoma. All institutions
obtained their respective approvals according to their local center’s requirements. This study
was approved by the Singapore General Hospital Institution Review Board and the need for
patient consent was waived. The deidentified data were collected in the individual centers.
These were collated and analyzed centrally at the Singapore General Hospital.

Only patients who underwent totally pure laparoscopic or robotic liver resections were
included. Hand-assisted or laparoscopic-assisted cases were excluded. Patients who
underwent concomitant major operations such as bilio-enteric anastomoses, colectomies,
stoma reversal, gastrectomies, splenectomies and vascular resections were excluded. Patients
who underwent concomitant minor operations such as hernia repair, local ablation and hilar
lymph node dissection were included. Finally, 1954 cases of laparoscopic and robotic LLR
of the posterosuperior segments were included in the final analysis.

Posterosuperior segments included segments 1/4a/7/8 22. Only minor resections were
included and these were classified as segmentectomies or wedge/partial resections.
Traditional major resections classified as resection of three or more contiguous segments
were excluded. Additionally, right anterior and right posterior sectionectomies were also
considered as major resections in this study and excluded 23. Diameter of the largest

lesion was used in the cases of multiple tumors. Cirrhosis was defined as F4 fibrosis on
pathological examination. Clinically significant portal hypertension was defined based on
radiological and clinical criteria such as the presence of ascites, esophageal varices or
splenomegaly with a platelet count of less than 100,000/uL as portal venous pressure/hepatic
venous pressure gradient was not routinely measured in most centers. In this study only
patients with portal hypertension and cirrhosis were analyzed. Data on the hepatic venous
gradient was not available. Difficulty of resections were graded according to the Iwate
scoring system 18, Postoperative complications were classified according to the Clavien-
Dindo classification and recorded for up to 30 days or during the same hospitalization 4.
The use of the Pringle maneuver, intraoperative blood loss and blood transfusion, conversion
rate, and duration of operation were considered surrogates of surgical difficulty.

Statistical analyses

Propensity score matching (PSM) and Coarsened Exact Matching (CEM) were used to
estimate the effect of varying degrees of liver cirrhosis on MI-LLR. For PSM, the propensity
score is estimated with a mixed effect logistic regression. The fixed effect factors used

in calculating the propensity score are the baseline variables stated in Tables 1, 3 and

5 respectively. A random-effects parameter is also included in the model to account for
between center variations. For PSM of comparison of Child-Pugh A cirrhotic versus non-
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cirrhotic liver in Tables 1, patients of one stratum are matched 1:1, using nearest neighbor
matching without replacement or discard, utilizing logit link, to patients of the other strata.
To improve matching, a small caliper is used to achieve good balance of < 0.1 across all
variables after matching. During matching, any patient with missing data in any of the
variables used for matching will be discarded. Similar methodology is employed for PSM
comparison in Tables 3 and 5. Due to the small number of patients in Child’s B cirrhosis, for
Table 3, an additional 1:2 PSM analysis was done. In this 1:2 PSM analysis, some Child’s
A patients were discarded due to high difference in propensity score from the Child’s B
patients after matching.

For CEM, continuous variables were coarsened using an automatic binning algorithm based
on Sturge’s rule into bins. Patients were 1:1 matched using with nearest neighbor matching
without replacement within each stratum, any unmatched units in the stratum will be
dropped. This methodology is applied to all 3 CEM models. After matching, balance is
checked via standardized mean difference across the covariates, with a threshold of 0.1
being indicative of tight match.

Love plot of each match’s covariate balance is plotted and presented below (Supplementary
data S1-S6).

For continuous variables, weighted mean difference is presented, and two sample weighted
t-test were used to calculate the standard error and p-values. For categorical variables,
generalized linear and ordered logistic regression models were used to calculate the odds
ratios, confidence intervals, and p-values. For unpaired comparisons of frequencies of
categorical variables, Chi-squared and Fisher’s exact tests were used. For the unpaired
comparisons of median values and interquartile ranges, Mann-Whitney U test is used, and
for the comparisons of mean values and standard deviations, one-way test is used. When
appropriate, paired tests are used - McNemar’s test is used for categorical variables and
Wilcoxon Signed-Rank test is used for continuous. The statistical analyses were performed
with RStudio version 1.4.1717, R version 4.1.0.

The study population included 1954 patients. Among these, 1290 (66%) patients had
cirrhosis and 664 (34%) did not have cirrhosis. Among the 1290 patients with cirrhosis,
310 (24%) had PHT and 137 (11%) were Child-Pugh B.

Comparison between patients with Child-Pugh A cirrhosis and those without cirrhosis

The demographic, clinicopathological and perioperative data of pre- and post-matching
groups are shown in Tables 1 and 2. Common major (grade = 3) postoperative surgical
complications included infected collections (n=19), bile leak (n =24), postoperative bleeding
(n=3) and liver decompensation (n=4).

Before matching, patients with cirrhosis more frequently had ASA score = 3 and HCC,
and less frequently underwent robotic LR, segmentectomy and hilar lymph node dissection
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(Table 1). Patients with cirrhosis tended to undergo less complex hepatectomies (Table 1).
Patients with cirrhosis tended to have higher overall morbidity (p = 0.055; Table 2).

After matching, both groups were well balanced for all variables (Table 2, Supplementary
Figures 1 and 2). After PSM, patients with cirrhosis had a higher intraoperative blood
transfusion rate (14% vs. 9.3%; p = 0.027) and overall morbidity rate (20% vs. 14.5%; p =
0.023) than those without cirrhosis. After CEM, patients with cirrhosis tended to have higher
intraoperative blood transfusion rate (12.1% vs. 6.7%; p = 0.059) and have higher overall
morbidity rate (22.8% vs. 12.5%; p = 0.007; Table 2) than those without cirrhosis. There
was no significant difference in other perioperative outcomes including median blood loss,
need for Pringle maneuver, open conversion rate, median operating time, postoperative stay,
readmission rate and postoperative mortality between both groups after matching (Table 2).

Comparison between Child-Pugh A and B cirrhotic patients

Tables 3 and 4 showed the demographic, clinicopathological and perioperative data of pre-
and post-matching groups. Before PSM matching, patients with Child-Pugh B cirrhosis
had less frequently history of abdominal surgery, surgery in the late era (= 2016), and had
more frequently multiple tumors than those with Child-Pugh A (Table 3). Patients with
Child-Pugh score B cirrhosis underwent more complex hepatectomies (Table 3). Patients
with Child-Pugh B cirrhosis tended to have higher intraoperative blood transfusion (22.6%
vs. 11.2%; p<0.001).

In the post-matching analysis, patients with Child-Pugh A cirrhosis and patients with
Child-Pugh B cirrhosis both have similar baseline and preoperative characteristics. In

the 1:1 PSM and 1:2 analysis, all key perioperative outcomes such as operation time,
postoperative morbidity, blood transfusion rate, reoperation rate, postoperative length of stay
and postoperative mortality were similar between the 2 groups.

Comparison between patients with and without portal hypertension

The demographic, clinicopathological and perioperative data of pre- and post-matching
groups are shown in Tables 5 and 6. Before matching, comparison between the two groups
showed higher prevalence of Child-Pugh B, ASA score = 3 in the PHT group, whereas male
sex was lower in the non-PHT group (Table 5). Before and after matching, lwate “High” and
“Expert” level resections were comparable between both groups. Before matching, Pringle
maneuver was more frequently applied in the PHT group (64.2% vs. 54%; p = 0.002). The
other perioperative outcomes were similar between both groups (Table 6).

After matching, both groups were well balanced for all variables (Table 5, Supplementary
Figures 3 and 4). After PSM, Pringle maneuver was more frequently applied in the PHT
group (62.2% vs. 52.4%; p = 0.045) than in the non-PHT group. After CEM, Pringle
maneuver tended to be more frequently applied in the PHT group, but this was not
significant (66.1% vs. 56.1%; p = 0.2). After matching, the other perioperative outcomes
were similar between both groups (Table 6).
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DISCUSSION

LR in the posterosuperior segments represents one of the most challenging situations

in MILR, especially in patients with liver cirrhosis. The main findings of this study

were as follows: 1) both robotic and laparoscopic segmentectomies and wedge resections
were associated with acceptable outcomes in selected patients with cirrhosis and even

in the presence of PHT, 2) the presence of cirrhosis was associated with significantly

higher intraoperative blood transfusion and postoperative morbidity rates compared to non
cirrhotics, and 3) Pringle maneuver was more frequently used in the presence of PHT.
However, the mortality rate did not differ significantly even with the presence of cirrhosis in
this series, which was contrary with a recent French nationwide series gathering data from
more than 3000 patients, which reported a significant increased mortality rate in the cirrhotic
population 20. A likely explanation for this difference in results was that the present study
only focused on minor liver resections and did not include major hepatectomies.

MI-LLR in the posterosuperior segments in cirrhotic patients is technically challenging

for the following reasons: 1) these segments are located in the upper right part of the
abdominal cavity under the ribs, which makes them difficult to access, 2) the cirrhotic
parenchymal texture is hard and dysmorphic, which makes the liver difficult to mobilize and
to transect, and 3) cirrhosis is usually associated with a low platelet count and clinically
significant PHT, which renders these procedures more susceptible to bleed. The current
DSS of MILR are mainly based on the procedure-related (extent of resection 17- 18) and
tumor-related variables (difficult location, size and proximity to major vessels 18). The Iwate
system is the only classification of surgical difficulty of MILR which considered cirrhosis
as a difficulty variable. However, it only considered Child-Pugh B cirrhosis as a factor
influencing difficulty 1. In other words, the current DSS for MILR do not consider cirrhosis
as a factor per se influencing the technical difficulty of MILR 1°.

However, in real-life practice, most surgeons consider that cirrhosis has an impact on
technical difficulty of MILR 25, Several studies have reported the impact of cirrhosis on

the outcomes of MILR 20. 21, 26,27 However, several biases have precluded any robust
conclusions. These reports were obtained from mono- 21 27 or multicentric 20 26 series

in which DSS (if any) were heterogeneously used (Institut Mutualiste Montsouris (IMM)
system in the study by Hobeika et al. 29, or both IMM and Iwate systems in the study

by Goh et al. 2%, none in the other studies 20 26: 27) Major limitations of many these
previous studies were the small sample size and the absence of matching 27. Furthermore, in
these previous studies, a major confounding factor was the inclusion of patients with other
pathologies including benign lesions and colorectal liver metastases in the non-cirrhotic
cohort 20,21, These studies also included patients who underwent various extents of liver
resections including both major and minor hepatectomies 2. Intuitively, it is likely that the
degree of impact of cirrhosis on outcomes would depend on the extent and complexity of the
MILR.

To our knowledge, this is the first multicentric study to assess specifically the impact of
cirrhosis on the outcomes of minimally invasive minor LR in the posterosuperior segments
in patients with primary malignancy. MI-LLR in the posterosuperior segments in patients
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with cirrhosis was associated with higher transfusion rate and postoperative morbidity rate.
These results deserve several comments. As expected, MI-LLR in patients with cirrhosis is
associated with worse outcomes compared to those without cirrhosis, which is in accordance
with previous series 20 21, Second, our study confirms that the differences in outcomes
between MI-LLR in cirrhosis vs. non cirrhosis was more pronounced in patients undergoing
more difficult resections 2%: 21 More interestingly, the study by Hobeika et al. has stratified
the analyses according to the extent of posterosuperior liver resection (i.e, wedge resection
of the posterosuperior segments (grade | of the IMM system) vs. segmentectomy of the
posterosuperior segments (grade 111 of the IMM system). This however was not the case

in the present series as both segmentectomy and wedge resection of the posterosuperior
segments were not analyzed separately. Third, the higher rate of intraoperative blood
transfusion also contributed to the higher rate of postoperative morbidity 28,

The second aspect to consider during MILR for cirrhosis is the presence of PHT. The EASL
guidelines 29 proposed a risk algorithm for postoperative liver decompensation following LR
including three variables in the following order: presence of PHT, extent of resection and
MELD score. In the present study, we found that MI-LLR in the posterosuperior segments
in selected cirrhotic patients with PHT was associated with safe outcomes (hospital stay

= 6 days, morbidity rate = 21.9%, major morbidity rate = 6.8%, 30-day readmission =
2.9%, 90-day mortality = 0.3%); and more interestingly, PHT did not increase the risk

of complications after MILR. This is in accordance with a recent study showing that the
laparoscopic approach was the sole independent predictor of achieving a textbook outcome
in a series of 79 high-risk patients with PHT (all with hepatic venous gradient = 10 mmHg)
who underwent resection of HCC 0.

The third aspect concerns the outcomes of MI-LLR in patients with Child-Pugh B cirrhosis.
This requires the following comments. First, only 11% (7% of the series) of cirrhotic
patients were Child-Pugh B. Second, MI-LLR in the posterosuperior segments in well-
selected patients with Child-Pugh B cirrhosis was feasible with reasonably good outcomes
(hospital stay = 7 days, morbidity rate = 19.7%, major morbidity rate = 9.5%, 30-day
readmission = 2.7%, 90-day mortality = 0.2%). All together, these results demonstrated that
Child-Pugh B cirrhosis patients with tumors located in the posterosuperior segments should
not be excluded from potentially curative limited resection.

Finally, we acknowledge several limitations with this study. Firstly, its retrospective nature
over a long time period could result in information bias. Secondly, although two matching
modalities including PSM and CEM were used in this study to improve the robustness of
the analyses, residual bias cannot be entirely mitigated in the absence of randomization.
Thirdly, a pooled analysis of data from multiple Western and Eastern centers introduces
some inherent selection bias resulting from differing practices (Eastern centers tend to
propose surgery while Western centers tend to refer Child-Pugh B cirrhosis patients for liver
transplantation), and also difference in surgeon and center experience.

In conclusion, MI-LLR for tumors located in the posterosuperior segments in patients
with cirrhosis was associated with higher intraoperative blood transfusion and postoperative
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morbidity, but overall acceptable outcomes compared to non-cirrhotics. This parameter
should be utilized in the difficulty assessment of MILR.
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