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Abstract

Background Post-hepatectomy liver failure (PHLF) represents the most frequent complication after liver surgery, and the
most common cause of morbidity and mortality. Aim of the study is to identify the predictors of PHLF after mini-invasive
liver surgery in cirrhosis and chronic liver disease, and to develop a model for risk prediction.

Methods The present study is a multicentric prospective cohort study on 490 consecutive patients who underwent mini-
invasive liver resection from the Italian Registry of Mini-invasive Liver Surgery (I go MILS). Retrospective additional
biochemical and clinical data were collected.

Results On 490 patients (26.5% females), PHLF occurred in 89 patients (18.2%). The only independent predictors of PHLF
were Albumin-Bilirubin (ALBI) score (OR 3.213; 95% CI 1.661-6.215; p <.0.0001) and presence of ascites (OR 3.320;
95% CI 1.468-7.508; p =0.004). Classification and regression tree (CART) modeling led to the identification of three risk
groups: PHLF occurred in 23/217 patients with ALBI grade 1 (10.6%, low risk group), in 54/254 patients with ALBI score
2 or 3 and absence of ascites (21.3%, intermediate risk group) and in 12/19 patients with ALBI score 2 or 3 and evidence of
ascites (63.2%, high risk group), p <0.0001. The three groups showed a corresponding increase in postoperative complica-
tions (20.0%, 27.5% and 66.7%), Comprehensive Complication Index (5.1 £11.1, 6.0+ 10.9 and 18.8 + 18.9) and hospital
stay (6.0+4.0, 6.0 £6.0 and 8.0 £ 5.0 days).

Conclusion The risk of PHLF can be stratified by determining two easily available preoperative factors: ALBI and ascites.
This model of risk prediction offers an objective instrument for a correct clinical decision-making.

Keywords Post-hepatectomy liver failure - Mini-invasive liver surgery

Abbreviations ALPPS  Associating liver partitioning and portal vein
PHLF  Post-hepatectomy liver failure ligation for staged hepatectomy

MILS Mini-invasive liver surgery ISGLS International Study Group of Liver Surgery
HCC Hepatocellular carcinoma PH Portal hypertension

CCC Mass-forming cholangiocarcinoma MELD  Model for end-stage liver disease

ALBI Albumin-Bilirubin score DCC Dindo—Clavien classification

LR Liver resection CCI Comprehensive Complication Index

BMI Body Mass Index IQR Interquartile range

CART  Classification and regression tree analysis AUC Area under curve

MCAR  Missing completely at random
CHAID Chi-square automatic interaction detector

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00464-020-07438-2) contains
supplementary material, which is available to authorized users. Liver resection (LR) is the best available curative treatment

for most primary and secondary malignancies of the liver.
In the past decades—thanks to technological advancements,
improvements in surgical techniques and refinements in
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perioperative management—a dramatic reduction in post-LR
morbidity and mortality has occurred [1, 2]. Despite these
advancements, liver resection in cirrhotic patients may still
be burdened by potentially life-threatening complications,
among which post-hepatectomy liver failure (PHLF) remains
the most fearsome and less effectively treated. According
to recent literature PHLF may occur with an incidence that
varies between 0.7 and 34% [3, 4], and is the leading cause
of prolonged hospitalization, increased costs and poor long-
term outcomes [5]. For this reason, several surgical and
hepatological studies identified upper limits in terms of liver
function and extent of resection in order to reduce the risk
of PHLF, and ultimately to guide treatment decision [6—11].

The advent of mini-invasive liver surgery (MILS)—in
terms of videolaparoscopic, hybrid or robotic approach—
brought a revolution in the conception of what is feasible,
useful and relatively riskless in hepatic surgery for cirrhotic
patients. Several retrospective comparative studies and meta-
analyses demonstrated that the application of mini-invasive
techniques to liver surgery may strikingly reduce the risks
of PHLF with respect to open surgery [12-16] as a conse-
quence of reduced liver mobilization, decreased intraopera-
tive fluid losses and minor surgical trauma [17]. These data
suggest that MILS may be offered to cirrhotic patients even
beyond the current guidelines (i.e., for presence of portal
hypertension, abnormal bilirubin or Child—Pugh stage > A)
without worsening short-term outcomes. However, to the
best of our knowledge, no studies have identified the inde-
pendent predictors of PHLF after MILS in cirrhosis and
chronic liver disease.

The primary endpoint of this study is to identify the pre-
operative variables that most impact on the development of
PHLF after MILS in cirrhosis, and to develop a model for
risk prediction. The secondary endpoints of the study are to
evaluate ninety-day mortality, complication rates and length
of hospital stay according to the predicted risk of PHLF.

Materials and methods

The Italian Group of MILS (I Go MILS) registry was estab-
lished in 2014 with the goals to create a hub for data and
projects on a national basis and to promote the diffusion and
implementation of MILS programs on a national scale [18].
It is a prospective and intention-to-treat registry opened to
any Italian center performing MILS, without restriction cri-
teria based on number of procedures. The registry is based
on 34 clinical variables regarding indication, intra- and post-
operative course.

In this study data from all consecutive patients enrolled
in the I Go Mils registry from November 2014 up to
December 31th 2016 were extracted with the following
inclusion criteria: presence of chronic liver disease or

cirrhosis (F3-F4 according to METAVIR) at enrollment;
at least one liver resection completed during the surgical
procedure; conversion to open surgery was not considered
an exclusion criteria. Patients enrolled in the registry but
with no details about the performed procedure or the post-
operative outcome, patients who resulted unresectable at
exploration and patients who underwent the first step of
an ALPPS were excluded.

Details on the available peri- and intraoperative data
from the I Go Mils registry have been described elsewhere
[18]. For the purposes of this study, a retrospective collec-
tion of additional data was requested to each participating
center and included the following variables: preoperative
biochemical analyses (platelet count, AST, creatinine,
total bilirubin, INR, albumin), preoperative presence of
ascites (detection of ascites at last radiological imaging),
etiology of cirrhosis, viral status for HCV/HBV (active/
suppressed), postoperative development of PHLF (graded
according to the definition of the International Study
Group of Liver Surgery, ISGLS [19]) and 90-day mortal-
ity. The deadline for data collection was set at December
31th 2018.

The study was formally approved at a central level by the
Scientific Board of the I Go Mils registry, and at a local level
by the Institutional Review Board of the Fondazione IRCCS
Istituto Nazionale dei Tumori di Milano, Milan, Italy.

Preoperative evaluations and definitions

Clinically relevant portal hypertension (PH) was defined as
the presence of esophageal varices and/or presence of ascites
and/or a low platelet count (< 100X 10°/L) with associated
splenomegaly [20].

The additional data collection allowed for the calculation
of the Model for End-Stage Liver Disease (MELD) score
[21] and the Albumin-Bilirubin (ALBI) grade [22].

MILS were performed within conventional guidelines and
the extent of liver resection was classified according to the
Brisbane 2000 terminology [23]. Major hepatectomy was
defined as the resection of more than two adjacent segments
of the liver. Difficulty of liver resection was graded accord-
ing to a recently proposed complexity score into 3 levels:
low, intermediate, and high. Low difficulty included wedge
resection and left lateral sectionectomy; intermediate dif-
ficulty included anterolateral segmentectomy and left hepa-
tectomy; high difficulty included postero-superior segmen-
tectomy, right posterior sectionectomy, right hepatectomy,
central hepatectomy, and extended left/right hepatectomy
[24].

MILS included liver resections performed by pure lapa-
roscopy, hybrid laparoscopy (hand-assisted) and robotic
laparoscopy.
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Postoperative outcomes

Postoperative complications were graded according to the
Dindo—Clavien Classification (DCC) [25]. Moreover in this
study we also assessed the Comprehensive Complication
Index (CCI), a linear scale ranging from O to 100 integrating
in a single formula all complications by severity, validated
for abdominal surgery. CCI considers all complications as
well as the treatment received, detaining the overall burden
of a procedure [26].

Post-hepatectomy liver failure was defined as the
impaired ability of the liver to maintain its synthetic, excre-
tory, and detoxifying functions. PHLF was scaled according
to the ISGLS [19] indications into three grades: Grade A:
PHLEF that does not require changes of the patient’s clinical
management; Grade B: deviation of the patient’s clinical
management that does not require invasive therapy; Grade
C: PHLF mandating invasive treatments.

Postoperative mortality was registered as intraoperative,
in-hospital, at 30- and at 90-days from surgery.

Statistical analysis

Conventional statistics were used for patient characteris-
tics with median and interquartile range (IQR) for continu-
ous variables, or mean and standard deviation when more
informative; categorical data were expressed by means of
absolute numbers and percentages. Comparisons between
groups were performed by means of Chi-square test for
categorical variables, and by means of Kruskal-Wallis or
Mann—Whitney test for continuous variables.

A small subset of patients had missing data (< 10%):
Little’s test was run for categorical and continuous vari-
ables, and suggested that these data were missing com-
pletely at random (MCAR). Missing values were imputed
for the purpose of the multivariable analysis using Markov
Chain Monte Carlo regression imputation with five repeated
imputations.

The main endpoint of the study was to identify the pre-
operative predictors of PHLF and to build a model for risk
prediction. We considered of clinical interest the develop-
ment of PHLF that required changes in the clinical manage-
ment of the patient. Thus, for the purposes of the regres-
sion analysis, PHLF was transformed into a binary variable
(grade 0—A: absent; grade B—C: present). A simple regres-
sion was performed on all the baseline clinical variables,
including also those surgical variables (extent of hepatec-
tomy, difficulty of liver resection, location of the nodule)
that are supposed to be planned preoperatively. Then, mul-
tivariable logistic regression was performed on the variables
resulted significant (at a p <0.05) at simple regression: for
composite scores sharing a common variable (i.e., ALBI
and MELD that share bilirubin), only the score with the
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higher c-statistic (area under the receiver operator curve,
AUC) was included in multivariable analysis, in order to
avoid colinearity. Estimates on the imputed datasets were
combined by using Rubin rules [27]. Finally, in order to
identify patient groups with different “profiles of risk”, the
analysis of significant risk factors at simple regression was
made by means of classification and regression tree (CART)
modeling, through Chi-square Automatic Interaction Detec-
tor (CHAID). CHAID analysis builds a predictive model, or
tree, to help determine how variables best merge to explain
the outcome in the given dependent variable [28]. For this
model, continuous predictors were categorized based on
considerations of model interpretability as well as statisti-
cal performance.

The level of statistical significance was set at p < 0.05.
Statistical analysis was performed using SPSS ver. 20 soft-
ware (SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics and intraoperative variables

Among Centers that participate the I go MILS registry, 40
contributed with complete baseline and perioperative data
on patients who underwent MILS within the study period
fulfilling the inclusion criteria. The study population thus
included 490 patients with a median number of 7.5 (IQR
2-15.5) patients per Center. For the retrospective collection
of additional data, 36 Centers sent complete data for 470
patients, covering 96% of the case series.

Baseline patients characteristic are resumed in Table 1.
Among 490 patients, 130 (26.5%) were female, the median
age was 68.6 (IQR 61.4-74-7) years and the median BMI
was 25.3 (IQR 23.3-28.1). In most patients the etiology of
chronic liver disease was hepatitis C virus (263 patients,
59.0%), liver function was within Child—Pugh A score in 463
patients (94.5%) and the median MELD score was 8 (IQR
7-9). The liver parenchyma was cirrhotic in 339 (69.2%)
patients, portal hypertension was present in 190 cases
(38.8%) and 32 patients (6.5%) had preoperative evidence
of mild ascites.

Hepatocellular carcinoma was the main indication to
MILS (445 patients, 90.8%), with a median size of the larg-
est nodule of 30 (IQR 20-40) mm. The lesions were local-
ized on the antero-inferior segments in 397 patients (81%),
being segment 6 (122 patients, 24.9%) and segment 3 (95
patients, 19.3%) the most frequent localizations.

Intraoperative characteristics are resumed in Supplemen-
tary Table 1. The surgical approach was pure laparoscopic
for 438 (89.3%) patients and major hepatectomies were per-
formed in 33 (6.7%) cases. Wedge resection was the most
common procedure and had been performed in 245 (50.0%)
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Table 1 Baseline characteristics of the study population

Table 2 Postoperative outcomes in the overall study population

Characteristic N (%) or median (IQR) Outcome N (%) or median (IQR)
Age 68.6 (61.4-74.7) Postoperative blood cell transfusion 28 (5.7%)
Gender (Male) 360 (73.5%) Number of blood bags 2 (1-2)
BMI 25.3(23.3-28.1) Postoperative complications 116 (23.7%)
MELD 8 (7-9) Ascites 32 (27.5%)
Child—Pugh score Pleural effusion 28 (24.1%)
A 463 (94.5%) Pneumonia 14 (12.1%)
B 27 (5.5%) Bleeding 12 (10.3%)
ALBI grade Bile leak 12 (10.3%)
Grade 1 217 (44.3%) Other 57 (49.0%)
Grade 2 268 (54.7%) Number of complications per patient
Grade 3 5(1.0%) 1 83 (16.9%)
Liver status 2 28 (5.7%)
Chronic liver disease 151 (30.8%) 3 5(1.0%)
Cirrhosis 339 (69.2%) Maximum DCC grade of complication
Presence of portal hypertension 190 (38.8%) 0 374 (76.3%)
Presence of ascites 32 (6.5%) 1 29 (5.9%)
Etiology of liver disease 2 62 (12.7%)
HCV 263 (59.0%) 3 17 (3.4%)
HBV 81 (18.7%) 4 7 (1.4%)
Alcohol 72 (16.6%) 5 1(0.2%)
Other 81 (18.7%) CC1 0(0-2)
HCV/HBV virology 58+11.4°
Active 85 (19.1%) PHLF according to ISGLS
Not active 185 (41.7%) Absent/Grade A 401 (81.8%)
Not known 174 (39.2%) Grade B/Grade C 89 (18.2%)
Size of main lesion (mm) 30 (20-40) Length of hospital stay 57
Lesion histology . 65"
Benign 18 (3.7%) Mortality
HCC 445 (90.8%) In hospital 1(0.2%)
cce 21 (43%) At 30 days 1(0.2%)
Metastasis 6 (1.2%) AC90 days 10.2%)
Lesion topography IQR Interquartile range, DCC Dindo Clavien classification, PHLF
Antero-inferior 397 (81%) Post-hepatectomy liver failure, /SGLS International Study Group of
Postero-superior 93 (19%) Liver Surgery, CCI Comprehensive Complication Index

IQR Interquartile range, BMI Body Mass Index, MELD model for
end-stage liver disease, ALBI albumin-bilirubin score, HCC hepato-
cellular carcinoma, CCC mass-forming cholangiocarcinoma

patients. Overall, 43 MILS (8.7%) were converted to open
procedures, being bleeding the main cause for conversion
(15 patients, 34.8%).

The median operative time was 205 (IQR 150-270) min-
utes, median blood loss was 150 (IQR 50-300) mL and
intraoperative red blood cell transfusions were needed in
24 cases (4.9%).

Difficulty of liver resection according to Kawaguchi
[24] was low in 295 patients (60.2%), intermediate in 140
(28.6%) and high in 55 (11.2%). As shown in Supplemen-
tary Table 2, intraoperative blood losses, duration of surgery

“Mean+SD

and conversion rates were significantly different across
the three grades of difficulty, thus validating the proposed
classification.

Postoperative outcomes

Details on postoperative outcomes for the entire patient pop-
ulation are summarized in Table 2. Intraoperative mortality
was 0%. One patient died during hospital stay, thus 30- and
90-days mortality were 0.2% and 0.2%. Postoperative com-
plications occurred in 116 patients (23.7%), and were graded
1 and 2 according to DCC in the majority (78.4%) of cases;
the median (IQR) and mean (£ SD) CCI were 0 (0-2) and
5.8(x 11.4), respectively. PHLF grade B or C occurred in
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89 patients (18.2%). The median postoperative hospital stay
was 5 days (IQR 4-7).

Logistic regression and identification of risk groups
for PHLF

The results of simple and multivariable logistic regression
on preoperative variables related to the risk of developing
PHLF grade B or C are summarized in Table 3. In particular,

at multivariable logistic regression, only ALBI score (OR
3.213; 95% CI 1.661-6.215; p<0.0001) and presence of
ascites (OR 3.320; 95% CI 1.468-7.508; p=0.004) turned
to be independent predictors of PHLF.

A classification tree was then developed through Chi-
square Automatic Interaction Detector (CHAID) analysis.

Again, ALBI grade and presence of ascites were retained
by the model, and allowed the identification of three groups
at distinct risk of developing PHLF. In particular, 217

Table 3 Simple and multivariable logistic regression on preoperative characteristics to predict the risk of developing PHLF grade B-C

Characteristic Simple regression Multivariable logistic regression®
OR (95% CI) OR (95% CI)
Age 982 (.959-1.006) 141
Gender (ref. Male) 1.304 (.757-2.247) 339
BMI 1.035 (.978-1.096) 236
AST 1.006 (1.001-1.011) .014 1.001 (.996-1.007) 618
Bilirubin 1.152 (.943-1.408) .165
Creatinine 1.742 (.826-3.674) .145
INR 2.915 (1.023-8.310) .045
Albumin 346 (.218-.549) .0001
Child—Pugh score (ref. A) 2.367 (1.026-5.461) .043°
Liver status (ref. Chronic liver disease) 2.316 (1.297-4.133) .005 2.032 (.998-4.136) .06
MELD score 1.232 (1.125-1.349) .0001°¢
ALBI score 4.247 (2.379-7.581) .0001¢ 3.213 (1.661-6.215) <.0001
Presence of portal hypertension 1.708 (1.075-2.712) .023 1.151 (.687-1.926) .593
Presence of ascites 3.999 (1.854-8.628) .0001 3.320 (1.468-7.508) .004
Etiology of liver disease (HCV) 1.237 (.758-2.020) .394
Etiology of liver disease (HBV) .903 (.487-1.675) 903
HCV/HBYV virology (ref. not active) 587
Active 1.292 (.668-2.499)
Not known 1.301 (.759-2.230)
Size of main lesion 1.005 (.994-1.015) .380
Lesion histology (ref. Benign) 973
HCC 767 (246-2.392)
CCC .824 (.174-3.903)
Metastasis .700 (.062-7.853)
Lesion topography (ref. Antero-superior segments) 1.302 (.745-2.277) 354
Difficulty of liver resection (ref. Low) 781
Intermediate 1.168 (.701-1.948)
High 914 (.421-1.984)
MILS approach (ref. Laparoscopic) 571
Hybrid 1.571 (.165-14.930)
Robotic 1.066 (.123-9.258)
Extension of hepatectomy (ref. Minor) 1.001 (.401-2.503) .998

BMI Body Mass Index, MELD model for end-stage liver disease, ALBI albumin-bilirubin score, HCC hepatocellular carcinoma, CCC mass-

forming cholangiocarcinoma

#Combined estimates on the imputed datasets (see text for details). INR and albumin were not included in multivariable analysis because they
incorporated into composite scores (ALBI and MELD). PAUC=.528 (95%CI 0.460-.596); © AUC=.650 (95%CI 0.583-.716); ‘AUC=.713
(95%C1 0.647-.780). In order to avoid colinearity between Child—Pugh score, MELD and ALBI, only ALBI was included in multivariable analy-
sis because of a higher c-statistic (area under the receiver operator curve, AUC)
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patients identified by liver function within ALBI grade 1
were classified at low risk of PHLF (10.6%), 254 patients
with an ALBI grade 2 or 3 and absence of ascites were clas-
sified at intermediate risk of PHLF (21.3%) and 19 patients
with ALBI grade 2 or 3 and evidence of ascites were classi-
fied at high risk of PHLF (63.2%). The model performance
was distinguished by a classification error rate of 0.04 and a
C index of 0.66 (95% CI 0.59-0.73).

As shown in Fig. 1, the three risk groups showed sig-
nificantly different postoperative complication rates, CCI
and length of hospital stay. In fact, by increasing the risk
class, a parallel increase in postoperative complications rates
(20.0%, 27.5% and 66.7%, p <0.0001), CCI (mean =+ SD
5.1+11.1, 6.0+10.9 and 18.8+18.9, p<0.0001) and
length of hospital stay (mean=+SD 6.0+4.0, 6.0+6.0 and
8.0+ 5.0 days, p<0.0001) was observed.

Conversion to open surgery occurred in 14 patients
of Group 1 (6.5%), 27 patients of Group 2 (10.6%) and 2
patients of Group 3 (10.5%), with no statistical difference
among the three groups (p =0.27). When excluding from
analysis the 43 patients who underwent conversion to open
surgery, PHLF occurred in 75 patients (16.8%); the PHLF
rates were significantly different among the three groups
occurring in 20 cases (9.9%), 45 cases (19.38%) and 10
cases (58.8%) of Group 1, 2 and 3, respectively (»p <0.0001).
When analyzing only the 43 patients who underwent conver-
sion to open surgery, PHLF occurred in 14 patients (32.6%)
and PHLF occurred in 3 cases (21.4%), 9 cases (33.3%) and
2 cases (100%) of Group 1, 2 and 3, respectively (p=0.05).

Finally, the proposed risk stratification was compared
to other validated models for open surgery. As shown in

A Main variables

ALBI

Grade 1 Grade 2-3

Absent

Present

Grade1

Table 4, our model showed the highest accuracy in terms
of AUC.

Discussion

Despite several advancements in operative techniques and
perioperative management, PHLF may still occur after liver
resection in cirrhotic patients, with a variable incidence
ranging between 0.7 and 34% [3, 4]. It is the most common
complication, and most fearsome one since it may result
in increased costs, prolonged hospitalization and ultimately
in increased postoperative mortality [5]. For this reason,
current hepatological guidelines discourage liver resection
in cirrhotic patients who present with portal hypertension,
abnormal bilirubin or significantly impaired liver func-
tion (Child—Pugh B or C) [11]. More recent studies, based
on studies on open liver surgery, identified MELD score,
extension of hepatectomy, and liver stiffness as predictors
of PHLF [2, 7, 8, 29], and combined these factors in order to
better stratify postoperative risks and refine patient selection
before liver surgery.

The advent of MILS has dramatically changed the sce-
nario of short-term outcomes after liver surgery. Differently
from the open approach, MILS requires small incisions and
minimal liver mobilization, which result in a reduced sec-
tion of the collateral lymphatic circulation and decreased
intraoperative fluid and protein losses [17]. Several studies
and meta-analyses demonstrated a reduced rate of postop-
erative ascites and PHLF with respect to open surgery, as
a consequence of the aforementioned advantages [12—-16].

B Tree representation

ALBI GRADE
P<.0001

Grade 2-3

Ascites
P.006

A 4 A 4 A 4

I Low-Risk || Intermediate-Risk H High-Risk |

185 Low-Risk

PHLF rate: 10.6%

p.o. complication: 20.0%
Mean CCI: 5.1+11.1
Mean LOS: 624 d

207 Intermediate-Risk
PHLFrate: 21.3%

p.o. complication: 27.5%
Mean CCl: 6+£10.9

Mean LOS: 646 d

18 High-Risk

PHLFrate: 63.2%

p.o. complication: 66.7%
Mean CCl: 18.8+18.9
Mean LOS: 85 d

Fig.1 Definition of three classes of risk associated with PHLF
according to ALBI grade and presence of ascites. a Patients’ partition
according to PHLF risk classes. b ALBI grade and preoperative pres-
ence of ascites led to the identification of three groups at distinct risk
of developing PHLF: low risk (10.6%); intermediate risk (23%) and

high risk (65.5%). By increasing the risk classes, a parallel and sig-
nificant increment in postoperative complications, CCI and mean hos-
pital stay was demonstrated. PHLF indicates post-hepatectomy liver
failure, p.o. postoperative, CCI Comprehensive Complication Index,
LOS length of stay
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Table 4 Accuracy of different

- N patients Patients with AUC (95%CI) P
predictors of PHLF PHLE (%)

Child pugh .528 (.460-.596) 408
A 463 80 (17.3%)
B 27 9 (33.3%)

MELD .641 (.572-.710) <.0001
<9 335 42 (12.5%)
>9 155 47 (30.3%)

ALBI grade .642 (.577-.707) <.0001
1 217 23 (10.6%)
2 268 63 (23.5%)
3 5 3 (60.0%)

Model for open surgery 597 (.533-.660) .005
Low risk 185 21 (11.3%)
Intermediate risk 257 65 (25.3%)
High risk 7 0 (0%)

Proposed model .664 (.576-.704) <.0001
Low risk 217 23 (10.6%)
Intermediate risk 254 54 (21.3%)
High risk 19 12 (63.2%)

PHLF Post-hepatectomy liver failure, AUC area under the curve, MELD model for end-stage liver disease,

ALBI albumin-bilirubin score

Nonetheless, PHLF may still occur in nearly 20% [13, 30]
of cirrhotic patients undergoing MILS in cirrhosis, and it is
still largely unpredictable. For this reason, the present study
was designed with the aim of identifying the independent
predictors of PHLF in these patients.

There is a large heterogeneity in literature for what
regards the definition of PHLF: in this study we adopted
the definition proposed by the International Study Group of
Liver Surgery (ISGLS) [19], and considered as events those
liver dysfunctions requiring changes in the clinical manage-
ment of the patient (grade B and C). Ninety-day mortality,
complication rates and length of hospital stay were our sec-
ondary endpoints.

The study cohort was prospectively collected by a mul-
ticenter Italian registry (the I Go Mils Registry) [18], that
in the present study included patients with cirrhosis and
chronic liver disease from 40 Centers. Patients were mostly
within Child-Pugh A; however, nearly 40% presented with
clinically relevant portal hypertension and more than 50%
had an ALBI grade > 1. The short-term outcomes of the
entire cohort were in line with literature [31], being intra-
operative mortality rate 0% and in-hospital and 90-days
mortality 0.2%; the median postoperative hospital stay was
5 days (IQR 4-7). Despite these results, PHLF grade B or
C was a relatively frequent complication and occurred in 89
patients (18.2%).

To explore the influence of different baseline patient char-
acteristics on the risk of developing PHLF, a simple and
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multivariable logistic regression analysis was conducted on
the entire cohort of 490 patients. The analysis demonstrated
that ALBI grade (OR 3.21 for each point increase; 95% CI
1.66-6.21; p <0.0001) and preoperative presence of ascites
(OR 3.32;95% CI 1.46-7.50; p =0.004) were the only inde-
pendent predictors of PHLF (Table 3). The ALBI score is
an evidence-based model for assessing the severity of liver
dysfunction that includes only objectively defined values,
such as serum bilirubin and albumin. ALBI was demon-
strated to be more accurate than the Child—Pugh score in
predicting patients’ mortality, without requiring subjective
determinants of liver failure, in patients with hepatocellular
carcinoma [22]. Moreover, in a recent large cohort study,
ALBI grade 2/3 turned to be independently associated with
the risk of developing PHLF following hepatic resection
[32]. On the other side the presence of ascites is a reflec-
tion of a decompensated cirrhosis, and not surprisingly its
presence is reflected in a higher rate of postoperative liver
decompensation.

In order to better stratify the risk of developing PHLF,
we evaluated the baseline patients characteristics by means
of classification and regression tree (CART). Again, ALBI
grade and presence of ascites turned to independently pre-
dict the risk of PHLF, and allowed the identification of
three risk classes: patients with an ALBI grade=1 had
a low risk of PHLF of 10.6%; patients with an ALBI
grade =2/3 and absence of ascites had an intermediate
risk of PHLF of 21.3%; patients with an ALBI grade =2/3
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and presence of ascites had a high risk of PHLF of 63.2%
(» <0.0001 among the three risk classes). In the last group
of patients (ALBI grade =2/3 and presence of ascites)
alternative treatments, i.e., locoregional or chemothera-
peutic therapies, might be evaluated in order to avoid
the high risk of PHLF and postoperative complications
(66.7%) that might cause prolonged hospital stay and aug-
mented costs.

It is interesting to observe that intraoperative blood
loss, length of surgery and conversion rates were similar
among the three risk classes: the different PHLF rates were
likely related to baseline liver function rather than to intra-
operative courses. As expected, patients who underwent
conversion to open surgery had a higher rate of PHLF than
patients who had the entire procedure by means of MILS
(32.6% vs 16.8%, respectively), but the risk stratification
was effective independently from this event.

By increasing the risk class, a parallel increase in post-
operative complications rates, CCI and length of hospital
stay was observed. These differences reflect the important
weight of PHLF on postoperative course, and make the
proposed classification a useful and objective instrument
for prediction of short-term prognosis.

This study has some limitations. Firstly, in the present
series there were a small number of major hepatectomies
that were likely performed in very well selected cases.
This may be among the reasons why the extent of hepa-
tectomy did not turn out to be correlated with the risk of
PHLF. Larger studies including a higher number of major
hepatectomies are needed to analyze their impact on post-
operative outcomes, and will be probably feasible in the
next few years following a larger implementation of the
technique.

Secondly, we collected only morbidity and mortality
occurring within the first three months from surgery, because
long-term outcomes were outside the study purposes. The
intentional choice of 90-day follow up is based on the idea
that at the PHLF resolution liver function and patient status
return to the preoperative baseline. However, even if PHLF
effective has a negative influence on postoperative survival,
long-term outcomes may be influenced by many other fac-
tors especially in oncologic patients (that constituted 96.3%
of the case series). Finally the proposed risk stratification
was not externally validated. However, the model perfor-
mance was distinguished by a classification error rate of 0.04
and a C index of 0.66 (95% CI 0.59-0.73), higher than previ-
ously proposed models.

In conclusion, the present study demonstrates that the
risk for PHLF after MILS can be accurately assessed before
surgery by assessing ALBI grade and preoperative presence
of ascites. Both these variables are easy to define before sur-
gery and can provide a practical method to stratify cirrhotic
patients at risk of PHLF.
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