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Abstract

Background/Purpose: 90-day mortality is a key perfor-
mance indicator for short-term perioperative outcome of
hepatic resection (HR). Although many preoperative, intra-
operative, and postoperative variables predict 90-day mor-
tality following elective HR, only few are specific to hepato-
cellular carcinoma (HCC). This study aims to determine the
predictors of 90-day mortality following elective HR for HCC.
Methods: We report a retrospective analysis of patients who
underwent elective HR between January 1, 2007, and De-
cember 31, 2017. Health status, perioperative variables, and
the presence of post-hepatectomy liver failure (PHLF) were
studied. Cox’s regression evaluated factors predicting 90-
day mortality. Results: Two hundred and forty-four patients
diagnosed with HCC underwent HR; 102 (41.8%) underwent
a major HR. The postoperative 90-day mortality rate was
5.3%. Multivariate analysis demonstrated that Child-Pugh
score (p < 0.001), intraoperative blood loss (p = 0.013), the
50-50 criteria for PHLF (p < 0.001) on postoperative day 5,
and peak serum bilirubin >119 pymol/L (p = 0.007) on post-
operative day 3 predict 90-day mortality. Conclusion: In pa-
tients with HCC undergoing HR, Child-Pugh score, intraop-
erative blood loss, the 50-50 criteria for PHLF on postopera-

tive day 5, and peak serum bilirubin >119 pmol/L on
postoperative day 3 predict 90-day mortality following elec-
tive HR for HCC. © 2020 S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is globally the fifth
most commonly diagnosed malignancy in men and the
ninth most commonly diagnosed in women [1]. It is also
the fourth leading cause of cancer-related death worldwide
[2]. Curative treatment for HCC is mainly surgical or ther-
mal ablation. Given the limited donor liver pool for liver
transplantation and the consensus that radiofrequency ab-
lation (RFA) is not suitable for multiple or large lesions [3],
hepatic resection (HR) is currently the mainstay treatment
for HCC [4]. With advances in surgical technology and
critical care, HR is considered a safe procedure. Over the
past decades, perioperative mortality following elective HR
has been 1-3% [5]. Oncologic outcomes of HR are compa-
rable to those of combined transarterial chemoemboliza-
tion (TACE) plus RFA, but procedure-related morbidity is
lower for the TACE-RFA combination [6]. It is essential to
know the variables predicting morbidity and mortality.
Such knowledge can guide patient selection for surgery or
impact decisions on alternative options.
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Fig. 1. Flow chart showing inclusion of study patients.

Many studies report factors predicting morbidity and
mortality following HR. However, these reports are het-
erogeneous. Authors included patients with metastatic
liver disease or cholangiocarcinoma, reported variables
predicting post-hepatectomy liver failure (PHLF) (and
not mortality), or reported either 30-day mortality or in-
hospital mortality [7-10]. Due to such heterogeneity, it is
unclear which variables impact 90-day mortality follow-
ing elective HR for patients with HCC. Patients with HCC
are unique when compared to other solid organ malignan-
cies. In addition to the oncologic burden, HCC patients
have an added burden of liver dysfunction. Hence, the
outcomes of HR for other liver pathologies such as colorec-
tal liver metastases are different from those for HCC.

Furthermore, many authors validate their data with
existing scoring systems, which were either not designed
exclusively for HR in the first place or derived from dif-
ferent patient profiles [11-13]. Hence there is a paucity of
data with regard to variables predicting 90-day mortality
following elective HR for HCC. Moreover, each hospital
has its own unique management experience with differ-
ent sets of inclusion criteria, which can impact outcomes.
The available expertise, local resources, and compliance
with staging systems can impact outcomes. In a local
study reporting on 766 patients with HCC, it was shown
that patients with Barcelona Clinic Liver Cancer stage C
managed according to Hong Kong Liver Cancer recom-
mendations have improved survival [14].

Indications of HR are evolving. Many patients who
have not been surgical candidates in the recent past are
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now resected. Repeat liver resections, two-staged hepa-
tectomy, associating liver partition and portal vein liga-
tion for staged hepatectomy, and preoperative portal vein
embolization (PVE) techniques have evolved. As such,
more data are needed with regard to the surgical out-
comes following elective HR for HCC [15]. Our study
aims to evaluate factors that predict 90-day mortality af-
ter elective HR in patients with HCC.

Methods

We report a retrospective cohort study of patients treated with
elective HR for HCC at a university-affiliated hospital between
January 1, 2007, and December 31, 2017. Locally, laparoscopic liv-
er resection started in June 2006 [16]. We included patients treated
with open or laparoscopic techniques and excluded patients hav-
ing undergone synchronous resections of other organs such as the
pancreas or lung. Patients with final histological results that were
not proven to be HCC were also excluded. Figure 1 shows the pa-
tient inclusion process. Two hundred and forty-seven patients un-
derwent HR for HCC. We excluded 3 patients with missing data
from analysis.

All patients underwent clinical, biochemical, and radiological
evaluation before the decision for HR. Their demographic profiles,
clinical data, and laboratory parameters were retrieved from elec-
tronic medical records. The demographic data collected included
age, gender, Eastern Cooperative Oncology Group performance
status, and American Society of Anesthesiology (ASA) physical
status classification scores. Patient comorbidities and previous
treatments such as TACE, PVE, and RFA were recorded. Complete
blood count, serum albumin, liver function, renal function, hepa-
titis B and C status, serum o-fetoprotein, and Child-Pugh score
were recorded.
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A Child-Pugh score of 9 or above is a contraindication to HR,
and our cohort included 1 patient with a Child-Pugh score of 9. All
patients were reviewed by a multidisciplinary hepatobiliary tumor
board and were deemed suitable for HR. The indocyanine green
(ICG) dye retention time was calculated for patients planned for
major HR. ICG retention >15% at 15 min was considered a con-
traindication to major HR. For minor HR, we adopt ICG retention
>25% at 15 min as an exclusion criterion, with the exception of
laparoscopic hepatic wedge resections.

All patients scheduled for trisectionectomy had their liver
volume calculated as an adjunct to surgical planning. Hepato-
pancreaticobiliary consensus guidelines were used to determine
the future liver remnant (FLR). Preoperative PVE was done on
patients with inadequate FLR [17]. The FLR is calculated by con-
trast-enhanced computerized tomography (CT) scan. Once list-
ed for surgery, patients were reviewed at the preadmission eval-
uation and counseling clinic by anesthetists and case managers.
The patients were scored for ASA physical status classification
and referred appropriately to the cardiology or respiratory unit
for optimization of comorbidities. Selected patients were offered
cardiopulmonary exercise testing, and we determined an anaer-
obic threshold of <11 mL/kg/min as a contraindication to HR
[12]. The standard operating principles of both open and lapa-
roscopic liver surgery at our unit were published previously [13].
We used the Brisbane 2000 terminology and classification sys-
tem to define the type of resection [18]. HRs were classified as
major or minor. Major hepatectomy was defined as the resection
of >3 segments, and minor hepatectomy was defined as the re-
section of <3 segments.

The biochemical values of international normalized ratio, pro-
thrombin time, and total serum bilirubin were recorded before the
operation and on a postoperative day 5 for all patients. Peak serum
bilirubin was recorded on postoperative day 3. Intraoperative data
such as the type of HR, operative time, blood loss, volume of blood
transfusion, conversion to open surgery, and surgical adjuncts,
e.g., Pringle’s maneuver, were documented. We do not have a pol-
icy for routine (active) Pringle’s maneuver and reserve it for pa-
tients with intraoperative bleeding (reactive).

We reviewed the histological results for staging, presence of
cirrhosis, vascular invasion, and R1 resection rate. We defined R1
resection as positive histologic margins or a tumor within 0.1 mm
from the margin. Macrovascular invasion was determined by an
intraoperative ultrasound scan and confirmed on histopathology
showing direct tumor invasion into major hepatic veins or portal
veins. We did not distinguish macrovascular invasion of the he-
patic venous system from that of the portal venous system. Post-
operative morbidity, 30-day mortality, and 90-day mortality were
studied. The 50-50 criteria, peak serum bilirubin criteria, and In-
ternational Study Group of Liver Surgery criteria defined PHLF [5,
19, 20]. We calculated various biochemical indices to study their
impact on 90-day mortality.

The prognostic nutritional index, bilirubin-albumin ratio,
platelet-albumin-bilirubin index, and neutrophil-to-lymphocyte
ratio were calculated [13, 21, 22]. All patients were managed ac-
cording to the local care pathway, and patients with any deviation
were actively investigated, including a liberal policy for postopera-
tive CT scanning of the abdomen and pelvis. We defined any vol-
ume of bile in the postoperative drainage tube at or after the third
day or bile in the image-guided inserted percutaneous drainage
catheter as a bile leak. The length of stay was calculated from sur-
gery date to discharge date, with both dates inclusive. We report
overall survival at 1 year, 3 years, and 5 years.

SPSS v.25 was used to perform the statistical analysis. A p value
of <0.05 was considered as statistically significant. Patients’ demo-
graphic and clinical characteristics were summarized descriptive-
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Table 1. Demographic and clinical profile of the patients (N = 244)

Gender (male), n (%)

Median age (range), years

Mean body mass index (range), kg/m?
ASA score >3, n (%)

ECOG performance status =2, n (%)
Diabetes mellitus, 7 (%)

206 (84. 4)
(

(

(

(

(
Hypertension, 1 (%) 160 (65 6)
(

(

(

(4~

(

(

(

23.5 (15.6-40.4)
134 (54.9)
13 (5.3)

Hepatitis B carrier (positive for HBsAg), n (%)
Alcohol consumption, 7 (%)

Median albumin (range), g/L

Median bilirubin (range), umol/L

Median creatinine (range), umol/L

Median prothrombin time (range), s

Median platelet count (range), x10°/L
Child-Pugh class, n (%)

38.0 22 48)

82 34-828)
13.3 (11.9-34.5)
202 (43.3-1,445)

A 223 (91.4)
B 20 (8.2)
C 1(0.4)

ICG dye retention test
Performed, n (%)

Mean (range) (n = 203), %
Liver parenchyma, n (%)

203 (83.2)
9.32(1.8-35.0)

Fatty 43 (17.6)
Cirrhotic 154 (63.1)
Normal 47 (19.3)
Previous treatment, 1 (%)

Transarterial chemoembolization 15 (6.1)
Portal vein embolization 4(1.6)
Radiofrequency ablation 8(3.3

ASA, American Society of Anesthesiologists score; ECOG, Eastern
Cooperative Oncology Group; ICG, indocyanine green.

ly. The Kaplan-Meier technique was used to estimate median over-
all survival after HR. Cox regression was carried out to evaluate the
prognostic factors for 90-day mortality.

Results

Two hundred and forty-four patients diagnosed with
HCC underwent elective HR. Table 1 shows the demo-
graphic and clinical profiles of the patients. The majority
of the patients were male with underlying liver cirrhosis.
Most patients had Child-Pugh class A cirrhosis (n = 223,
91.4%), and 1 patient had Child-Pugh class C cirrhosis.
Around half of the patients were hepatitis B carriers, and
over half of the patients had minor HR. Fifteen patients
(6.1%) had TACE performed before surgery, and 8 pa-
tients (3.3%) had RFA performed. Four patients (1.6%)
had PVE done to achieve hypertrophy of the FLR. Ninety-
seven patients (39.8%) underwent laparoscopic HR, and
103 patients (42.2%) had major HR done. Two hundred
and three patients had an ICG clearance test performed;
1 patient had an ICG retention of 35% and ultimately un-
derwent laparoscopic hepatic wedge resection.

Postoperative outcomes, including histopathological
results, postoperative complications, and oncological
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Table 2. Perioperative outcomes (N = 244)

Operative variables
Laparoscopic liver resection, n (%)
Major liver resection, n (%)
Median operation time (range), min
Median blood loss (range), mL

Mean duration of Pringle’s maneuver (standard deviation), min

Postoperative outcomes
Median length of stay (range), days
High dependency unit stay, n (%)
Intensive care unit stay, n (%)
Vasopressor support, n (%)
Renal replacement therapy, # (%)
Postoperative complications, 1 (%)
Pneumonia

Cardiac events (arrythmias and ischemic heart disease)

Stroke/transient ischemic attack
Acute kidney injury
Urinary tract infection
Deep vein thrombosis
Pulmonary embolism
Superficial surgical site infection
Pleural effusion
Intra-abdominal abscess
Bile leak
Ileus
Portal vein thrombosis
Respiratory failure
Ascites
Encephalopathy

PHLE, n (%)

PHLF criterion 1: 50/50 - bilirubin >50 umol/L, INR >1.7
PHLF criterion 2: peak serum bilirubin >119 umol/L
PHLF criterion 3: local laboratories: bilirubin >31 pmol/L, INR >1.4

PHLF (any of the above criteria)
Mortality, n (%)

30-day mortality

90-day mortality
Tumor characteristics (at final histology)

Mean size (range), mm

Mean number (range)
Histopathology, n (%)

Macrovascular invasion

Microvascular invasion

R1 resection

Stage T1

Stage T2

Stage T3

Stage T4

97 (39.8)
103 (42.2)
280 (60-620)
500 (20-3,900)
5.2(17.1)

7 (1-150)
224 (91.8)
47 (19.3)
11 (4.5)
2(0.8)

21(8.6)
18 (7.4)
1(0.4)
9(3.7)
12 (4.9)

2(0.8)
12 (4.9)
44 (18)

8(3.3)

5(2.0)
26 (10.7)

4(1.6)

8(3.3)
16 (6.6)

8(3.3)

7(2.9)
10 (4.1)
26 (10.7)
28 (11.5)

8(3.28)
13 (5.33)

56.3 (1-200)
1.6 (1-11)

25 (10.2)
68 (27.9)
14 (5.7)
119 (48.8)
72 (29.5)
44 (18)
9(3.7)

PHLF, post-hepatectomy liver failure; INR, international normalized ratio.

outcomes, are reported in Table 2. The mean tumor di-
ameter was 56.3 mm (range 1-200), and the mean num-
ber of tumors was 1.6 (range 1-11). Forty-six patients
(18.9%) needed a postoperative CT scan of the abdomen
and pelvis to evaluate for any deviation from the normal
recovery process. The two most common postoperative
complications were pleural effusion (n = 44, 18%) and il-
eus (n = 26, 10.7%). Eighty-five patients (34.8%) had at

Predictors of Mortality after Hepatectomy

least one feature of liver decompensation (ascites, en-
cephalopathy, bilirubin >31 pmol/L, or international
normalized ratio >1.4) or required fresh frozen plasma
transfusion. The postoperative 90-day mortality rate was
5.3%. Table 3 shows the results of a multivariate analysis
of factors predicting 90-day mortality. Child-Pugh score
(p < 0.001), intraoperative blood loss (p = 0.013), 50-50
criteria for PHLF (p < 0.001), and peak serum bilirubin
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Table 3. Multivariate analysis of factors predicting 90-day mortality after hepatectomy

Unadjusted HR Unadjusted Adjusted HR Adjusted
(95% CI) p value (95% CI) p value

Alkaline phosphatase (units/L) 1.004 0.004 1.002 0.504
(1.001-1,007) (0.997-1.006)

Gamma-glutamyl transferase (units/L) 1.003 <0.001 1.001 0.661
(1.001-1.004) (0.998-1.003)

Child-Pugh class B/C 2.55 0.001 3.44 <0.001
(1.44-4.54) (0.152-0.557)

Platelet-albumin-bilirubin (PALBI)! 1.417 0.035 1.203 0.415
(1.025-1.959) (0.771-1.876)

Prognostic nutritional index 0.948 0.001 0.977 0.358
(0.917-0.979) (0.929-1.027)

Bilirubin/albumin ratio (umol/g) 1.921 0.004 0.747 0.503
(1.23-2.983) (0.318-1.754)

Neutrophil-to-lymphocyte ratio 1.056 0.076 1.013 0.799
(0.994-1.122) (0.916-1.120)

Model for End-Stage Liver Disease (MELD) 1.055 0.083 1.014 0.708
(0.993-1.1210 (0.942-1.092)

Indocyanine green 1.828 0.087 1.546 0.330
(0.916-3.650) (0.643-3.716)

Operation time 1.003 0.005 0.999 0.670
(1.001-1.004) (0.997-1.002)

Blood loss 1.392 0.010 1.486 0.013
(1.083-1.790) (1.088-2.031)

PHLEF criterion 1: 7.166 <0.001 8.628 <0.001

50/50 - bilirubin >50 umol/L, INR >1.7 (2.853-18.002) (3.330-22.353)

PHLEF criterion 2: 3.910 <0.001 2.963 0.007

peak serum bilirubin >119 umol/L (1.941-7.878) (1.355-6.480)

PHLEF criterion 3: 2.177 0.007 0.966 0.940

local laboratories: bilirubin >31 pmol/L, INR >1.4

(1.235-3.835)

(0.396-2.357)

Bold type denotes significance. PHLF, post-hepatectomy liver failure. ! PALBI = 2.02 x logj bilirubin - 0.37 x (log;, bilirubin) 2 -

0.04 x albumin - 3.48 x log), platelets + 1.01 x (log, platelets) [23].

>119 pmol/L (p = 0.007) predict 90-day mortality. Logis-
tic regression further shows that Child-Pugh score (p <
0.001), 50-50 criteria for PHLF (p < 0.001), and peak se-
rum bilirubin >119 pmol/L (p = 0.007) are significant.

The 1-year, 3-year, and 5-year overall survival rate was
75.4% (n = 184), 46.3% (n = 113), and 23% (n = 56), re-
spectively. The median survival time for all patients was
39 months (5-133). Figure 2 shows overall survival.

Discussion
In our study, the Child-Pugh score, volume of intraop-

erative blood loss, 50-50 criteria for PHLF, and peak se-
rum bilirubin >119 pumol/L predicted 90-day mortality.

106 Visc Med 2021;37:102-109
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Liver function tests performed by serum biochemistry are
sine qua non prior to HR. In patients with compromised
liver function, treatment has to be tailored to ensure suf-
ficient residual liver function, and in some instances, liv-
er transplantation would be warranted.

A liver function test also forms the basis for calculating
the Child-Pugh score. The Child-Pugh score is calculated
based on variables that define the synthetic and metabol-
ic activities of the liver. Hence, it is expected to be sensi-
tive in predicting perioperative outcomes of patients with
liver dysfunction. The score has been validated in hepatic
and nonhepatic, elective, and emergency surgeries for
short-term as well as long-term outcome prediction [23-
25]. There is enough evidence that elective surgery is safe
and feasible in patients with Child-Pugh class A cirrhosis
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Fig. 2. Survival time after hepatic resection.

who have preserved liver function [26, 27]. Child-Pugh
class B and C patients are at high risk of perioperative
outcomes, and some authors consider this as a relative
contraindication to surgery. In a study including 273 pa-
tients, Sonohara et al. [26] reported clinical data on 235
patients who were all Child-Pugh class A. In a multicenter
study including 253 patients with Child-Pugh class B cir-
rhosis from 14 international centers, Berardi et al. [28]
have shown that postoperative morbidity following HR
in these patients remains high (42.7%). The authors re-
port treating 12,814 HCC patients with Child-Pugh class
A (n=11,983) and class B (n = 831) cirrhosis. Our rate of
operating on Child-Pugh class B patients (8.2%) is higher
than in this multicenter study (6.9%). Our report includes
1 patient with Child-Pugh class C cirrhosis, who had a
wedge resection performed, and this illustrates that the
patient selection process is individualized for each patient
and pathology.

Besides serum biochemistry, liver function measured
via ICG clearance is also reported by many studies to
prognosticate posthepatic liver failure, and it is recom-
mended that major HR be avoided for patients with ICG
retention >15% at 15 min [29]. Our institution follows
this guideline to exclude patients with poor ICG clearance
from major HR. While our study did not show a signifi-
cance of ICG clearance in predicting 90-day mortality,
this could be due to its small sample size and should be
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interpreted in the context that the patients with poor ICG
clearance were excluded from major HR.

Intraoperative bleeding and blood transfusion are es-
sential considerations in surgical oncology and reported
to impact both perioperative and oncologic outcomes
[30, 31]. The threshold for transfusion of blood at a he-
moglobin level <8 g/dL is widely adopted internationally.
In a study including 1,222 consecutive liver resections for
hepatobiliary diseases, Poon et al. [32] showed that re-
duced perioperative transfusion was contributory to im-
proved outcomes. Martin et al. [33] showed that blood
transfusion was independently associated with postoper-
ative morbidity (OR = 4.18, 95% CI 2.18-8.02, p < 0.001)
and 30-day mortality (OR 14.5, 95% CI 3.08-67.8, p =
0.001) following liver resection for all indications.

The impact of blood loss or blood transfusion on both
short-term and long-term outcomes is multifactorial.
Higher intraoperative blood loss could indicate major,
difficult, or complicated resection with a greater likeli-
hood of complications or a cirrhotic liver with underlying
portal hypertension. Meticulous surgical and monitored
anesthetic techniques reduce blood loss. Low central ve-
nous pressure anesthesia, vascular inflow occlusion, re-
strictive transfusion strategies, ultrasonic energy or sta-
pling devices, hemostatic adjuncts, and communication
between anesthetists and surgeons are essential consider-
ations to reduce blood loss. In a study including 315 pa-
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tients undergoing liver resection, Nonami et al. [29] re-
ported that blood loss was independently associated with
PHLF and mortality. This association is consistent with
the fact that PHLF is a primary cause of death after HR
despite improvements in surgical techniques and periop-
erative management [34].

There are many definitions of PHLF [5, 19, 20]. Hyder
et al. [8] reported that 50-50 criteria and peak serum bili-
rubin >7 mg/dL did not predict 90-day mortality. How-
ever, this is likely due to a varied selection of patients with
benign lesions (17%) and colorectal (39%) and non-
colorectal (14%) liver metastases. Furthermore, they had
only 1 patient who met the 50-50 criteria, and that patient
survived. PHLF is an important outcome measure for pa-
tients undergoing HR; hence, many authors have at-
tempted to study the role of inflammation-based indices
in predicting PHLF. Inflammation-based scores are sim-
ple and easy to compute from existing biochemical inves-
tigations at no extra cost. Thus, they have recently gained
attention. In a study including 3,064 patients from the
National Surgical Quality Improvement Program, An-
dreatos et al. [35] showed that the albumin-bilirubin
(ALBI) score was associated with PHLF (OR 1.57, 95% CI
1.08-2.27, p = 0.02) and predicted its severity (OR 3.06,
95% CI 1.50-6.23, p = 0.003) on multivariate analysis. The
albumin-bilirubin score predicts PHLF and overall sur-
vival following HR for HCC [36]. We have previously re-
ported that the preoperative neutrophil-to-lymphocyte
ratio plus the platelet-to-lymphocyte ratio predict onco-
logic outcomes [13]. In our current study, we did not find
any association with an inflammation-based score. This
fact could be due to the cutoff values used or the small
number of patients with 90-day mortality data in our
study.

Our study has several limitations. Outcome data from
a specialist unit and a single center should not be general-
ized to all demographic profiles. We did not report the
causes of 90-day mortality and whether they were related
to early tumor recurrence. We also did not report vari-
ables such as platelet count and all inflammation-based
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