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Background: Hepatectomy is the only potentially curable treatment for intrahepatic cholangiocarcinoma
(IHCC) and colorectal liver metastasis (CRLM). This study aimed to explore the difference in intraoperative
outcomes and postoperative complications between IHCC and CRLM in different surgical methods
including major hepatectomy and minor hepatectomy.

Methods: We included 319 patients with IHCC or CRLM who underwent hepatectomy at our hospital.
According to major hepatectomy and minor hepatectomy, eligible patients were divided into two groups.
In each group, the clinicopathological characteristics of IHCC and CRLM patients were compared,
then propensity score matching (PSM) was performed based on the results. Intraoperative outcomes
and postoperative complications were compared between IHCC and CRLM before and after PSM.
Intraoperative variables, including intraoperative blood transfusion, duration of operation, and intraoperative
blood loss, were used to evaluate the intraoperative conditions of patients. The postoperative complications
were measured according to the Clavien-Dindo classification. Grade III to V complications were defined as
major complications.

Results: The major hepatectomy group included 118 patients with IHCC and 93 patients with CRLM.
THCC patients presented a longer operation time and a higher postoperative complication rate than CRLM
patients. The infection-related complication rate of the CRLM patients was significantly higher than the
THCC patients. In multivariate analysis, major hepatectomy for IHCC was independently associated with the
presence of postoperative complications. The minor hepatectomy group included 146 IHCC patients and
62 CRLM patients. Compared with CRLM patients, IHCC patients presented a longer operation time.
There was no significant difference in the intra-operative blood loss, postoperative complication rate, the
major complications rate, and the minor complications rate between the IHCC patients and CRLM patients.
Conclusions: This study revealed major hepatectomy for IHCC led to significantly higher morbidity
of postoperative complications than CRLM patients. For minor hepatectomy, there was no difference in
postoperative complications between IHCC and CRLM. More attention should be paid to improving the

preoperative planning and surgical management of hepatic malignancies especially in the setting of IHCC.
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Introduction

Nowadays, surgery is the only potentially curable treatment
for common hepatic malignancies, including intrahepatic
cholangiocarcinoma (IHCC) (1) and colorectal liver
metastasis (CRLM) (2). For IHCC, radical surgery including
hepatectomy and lymph node dissection only achieved a
S-year survival rate of 30% (3). For CRLM, all patients with
curable potentials were recommended to receive surgical
treatment. The 5-year survival rate after hepatectomy ranged
from 20% to 45% (4,5). The basic condition for radical
resection is to achieve RO resection (6-9), which requires
extended and complex hepatectomies (10). Hepatectomy is
mainly divided into major and minor hepatectomy according
to the extent of hepatectomy. Resection of three or more liver
segments is defined major hepatectomy, which may facilitate
the radical resection. However, perioperative morbidity and
mortality may be higher than minor resection because of the
wider surgical margin and removal of portal tributaries (11).
Patients with heterogeneous CRLM need to receive
primary lesion radical resection firstly, hence when it
came to second surgery for liver metastasis, abdominal
adhesions might increase the probability of postoperative
complications (12). Operations for different types of hepatic
malignancy have different risk factors for postoperative
complications. The most serious postoperative complication
is liver failure caused by preoperative damaged liver
function and cirrhosis, especially for IHCC patients (7).
The increasing rate of postoperative complications leads to
prolonged postoperative recovery time, increasing economic
burden, and worse long-term prognosis of patients (13).
The preoperative liver function status and expected
outcomes after hepatectomy for IHCC or CRLM were
similar, but the postoperative mortality and morbidity rates
were different. Compared with CRLM, IHCC presented
worse mortality (0-2% wvs. 6-10%) and morbidity (16-32%
vs. 48-50%) (14-17). The differences under the same
conditions of hepatectomy may be due to the specific
characteristics of diseases and surgical management.
Zhang et al. (15) found that major hepatectomy for IHCC
was not associated with an overall survival benefit, yet
was associated with increased perioperative morbidity.
For CRLM, more and more researchers recommended

© Translational Cancer Research. All rights reserved.

promoting parenchyma-sparing hepatectomy (18,19).
Because it substantially decreased intraoperative blood
loss and postoperative liver failure (20). Doussot ez /. (10)
suggested that IHCC patients were at higher risk inherently
after major hepatectomy compared with CRLM patients.
One possible reason was the higher frequency of portal
lymphadenectomy for IHCC. Vascular and biliary injury are
difficult to avoid and may result in some complications such
as, lymphatic leakage, biliary ischemia, or bleeding. Better
perioperative and operative management can translate into
reducing mortality and morbidity. A better understanding
of these differences may help improve perioperative
management and thus patient outcomes, but no
comprehensive comparative studies have been conducted.

The above observations motivated the current study.
This study was conducted to explore the differences in
intraoperative outcomes and postoperative complications
between IHCC and CRLM in different surgical methods.
The propensity score matching (PSM) was used to eliminate
the significant differences in preoperative, intraoperative,
and postoperative data. We present the following article in
accordance with the STROBE reporting checklist (available
at https://dx.doi.org/10.21037/tcr-21-553).

Methods
Population

Patients who underwent hepatectomy for IHCC or CRLM
at Cancer Hospital, Chinese Academy of Medical Sciences
from April 2011 and December 2018 were included.
Inclusion criteria were: (I) Pathologically proven IHCC
or CRLM. (II) Hepatic resection for curative intent. (III)
Metachronous liver metastasis in CRLM patients; Exclusion
criteria were: (I) Palliative-intent resection; (II) CRLM
patients without having received primary tumor resection
previously; (III) With other malignancies. The extent of
hepatectomy included major and minor hepatectomy. Major
hepatectomy was defined as the resection of more than
two liver couinaud segments. The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the Institutional
Ethics Committee of Cancer Hospital Chinese Academy of
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Medical Sciences (ID NCC2019C-016). Informed consent
was taken from all the patients.

Data collection

This was a retrospective study based on the CRLM and
HICC datasets. Clinical variables included age, gender,
American Society of Anesthesiology (ASA) score, body Mass
Index (BMI), and preoperative test markers. Tumor-related
variables included tumor size and number. Eligible patients
were divided into two groups according to major hepatectomy
and minor hepatectomy. The clinical covariates of patients
with IHCC and CRLM were compared between the two
groups to find differences between the two groups. In each
group, PSM was performed based on the results. The primary
outcomes included intraoperative variables and postoperative
complications. The primary objective of this study was to
compare the differences in intraoperative variables and
postoperative complications between IHCC and CRLM
patients, with a secondary objective to identify independent
risk factors for postoperative complications in these patients.

Compared with CRLM patients, [HCC patients received
significantly more frequent lymphadenectomy (76.3% vs.
0.0%, P<0.001) and less preoperative treatment (7.6%
vs. 67.7%, P<0.001). Based on the significant distribution
difference of preoperative treatment and lymphadenectomy
(PTL) between those patients. The combination of the
PTL on these two factors was constructed to eliminate
the influence of the two on the outcomes and ensure
the feasibility of PSM. The PTL was scored as 0 (non-
preoperative treatment with non-lymphadenectomy), 2
(preoperative treatment with lymphadenectomy), and 1 (all
other combinations). Intraoperative variables, including
intraoperative blood transfusion, duration of operation,
and intraoperative blood loss, were used to evaluate the
intraoperative conditions of patients. The postoperative
complications were measured according to the Clavien-
Dindo classification. Grade III to V complications were
defined as major complications. If patients experienced
multiple postoperative complications, the highest grade was
used. The postoperative complications included general
complications and surgical-related complications. Death or
complications within 30 days after surgery are considered
postoperative mortality and morbidity.

Statistical analysis

The Mann-Whitney U test was performed to analyze
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continuous variables, including operation time and
intraoperative blood loss, etc. The Chi-square or Fisher’s
exact test was used to analyze categorical variables.
The independent predictive factors of postoperative
complications were identified using univariable and
multivariable logistic regressions. For patients undergoing
the same type of hepatectomy, the PSM method was used to
balance the imbalanced clinicopathological characteristics
between IHCC and CRLM patients. In patients receiving
major hepatectomy, age, preoperative serum gamma
glutamyl transpeptidase (GGT) level, the diameter of
the largest tumor, and tumor number were balanced. In
patients receiving minor hepatectomy, ASA, the diameter
of the largest tumor and PTL were balanced. Patients
with ICHCC were matched in a 1:1 ratio to patients with
CRLM, with a standard caliper width of 0.2. A two-tailed P
value of less than 0.05 was considered significant. The SPSS
version 22.0 software (Armonk NV, USA) and R software
(http://www.r-project.org, 3.6.3) were used to perform the
statistical analyses.

Results

In this study, 319 patients were included, including
164 IHCC patients and 155 CRLM patients. There were
118 THCC patients and 93 CRLM patients undergoing
major hepatectomy, respectively. Forty-six IHCC patients
and 62 CRLM patients receiving minor hepatectomy,
respectively. The outcomes were compared between
HICC and CRLM patients in each group.

Patients receiving major bepatectony

Clinicopathological characteristics

IHCC patients were significantly older (P=0.008)
and presented with higher preoperative serum GGT
levels (P=0.011). There was no significant difference in
preoperative serum TBIL, AST, ALT, and ALB levels
between the two gruops. IHCC patients presented
significantly larger tumor size (P<0.001) and less multiple
tumors (P<0.001; 7Table 1). IHCC patients received
significantly more often lymphadenectomy (76.3% vs. 0.0%,
P<0.001) and less preoperative treatment (7.6% vs. 67.7%,
P<0.001). According to PTL, there was no significant
difference between IHCC and CRLM patients(P=0.095).

Outcomes before and after PSM
The median of operation time and intraoperative blood
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Iltem IHCC (n=118) CRLM (n=93) P All patients (n=211)
Age =60 years, n (%) 58 (49.2) 29 (31.2) 0.008 87 (42.1)
Male, n (%) 65 (55.1) 51 (54.8) 0.972 116 (55.0)
BMI =24 kg/m®, n (%) 75 (63.6) 56 (60.2) 0.619 131 (62.1)
ASA score 3-4, n (%) 9(7.6) 10(10.8) 0.431 19 (9.0
Preoperative treatment, n (%) 9(7.6) 63 (67.7) <0.001 72 (34.1)
Lymphadenectomy, n (%) 90 (76.3) 0(0.0) <0.001 90 (42.7)
PTL=0, n (%) 26 (22.0) 30 (32.3) 0.095 56 (26.5)
Preoperative serum D-dimer level =0.32 mg/L, n (%) 67 (56.8) 45 (48.4) 0.225 112 (63.1)
Preoperative serum GGT level =37 U/L, n (%) 80 (67.8) 47 (50.5) 0.011 127 (60.2)
Diameter of the largest tumor >4 cm, n (%) 90 (76.3) 34 (36.6) <0.001 124 (58.8)
Multiple tumors, n (%) 26 (22.0) 63 (67.7) <0.001 89 (42.2)
Intraoperative outcomes

Operation time (min), media (IQR) 255.5(210.8-336.3) 194.0 (167.0-257.5) <0.001 230.0 (180.0-310.0)

Blood loss (mL), median (IQR) 300.0 (100.0-500.0)  150.0 (100.0-400.0) 0.002 200.0 (100.0-500.0)

Blood transfusion, n (%) 30 (25.4) 15 (16.1) 0.102 45 (21.3)

Post-operative complications, n (%)

Complications 86 (72.9) 52 (55.9) 0.010 138 (65.4)
Major complications 32 (27.1) 19 (20.4) 0.260 51(24.2)
Minor complications 54 (45.8) 33 (35.5) 0.132 87 (41.2)
General complications 60 (50.8) 39 (41.9) 0.198 99 (46.9)
Surgical complications 52 (44.1) 27 (29.0) 0.025 79 (37.4)
Infection related complications 36 (30.5) 31 (33.3) 0.662 67 (31.8)
Bile leakage 9 (7.6) 2(2.2) 0.076 11 (5.2)

Patients with post-operative complications®, n (%)

Major complications 32 (37.2) 19 (36.5) 0.937 51 (37.0)

Minor complications 54 (62.8) 33 (63.5) 87 (63.0)

General complications 60 (69.8) 39 (75.0) 0.508 99 (71.7)

Non general complications 26 (30.2) 13 (25.0) 39 (28.3)

Surgical complications 52 (60.5) 27 (51.9) 0.326 79 (57.2)

Non-surgical complications 34 (39.5) 25 (48.1) 59 (42.8)

Infection related complications 36 (41.9) 31 (59.6) 0.043 67 (48.6)

Non-infection related complications 50 (58.1) 21 (40.4) 71 (51.4)

Bile leakage 9 (10.5) 2 (3.8) 0.164 11 (8.0)

Non bile leakage 77 (89.5) 50 (96.2) 127 (92.0)

* IHCC (n=86), CRLM (n=52), all patients (n=138). PSM, propensity score matching; BMI, body mass index; ASA, American Society of
Anesthesiology; PTL, pre-operative treatment and lymphadenectomy; GGT, gamma glutamyl transpeptidase.
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loss was 230.0 (IQR: 180.0-310.0) min and 200.0 (IQR:
100.0-500.0) mL, respectively. There were 21.3% of
patients who received intraoperative blood transfusion.
There was no postoperative mortality. And 65.4% of
patients underwent postoperative complications (general
complications: 99 patients, surgery-related complications:
79 patients, infection-related complications: 67 patients,
bile leakage: 11 patients), including 51 with major
complications and 87 with minor complications. IHCC
patients presented longer operation time [Median
(IQR): 255.5 (210.8-336.3) vs. 194.0 (167.0-257.5) min,
P<0.001] and more intraoperative blood loss [Median
(IQR): 300.0 (100.0-500.0) vs. 150.0 (100.0-400.0) mL,
P=0.002]. The postoperative complication rate (P=0.010)
and the surgical complications rate (P=0.025) were
significantly higher in IHCC patients than in CRLM
patients. In patients with postoperative complications,
the infection-related complication rate was significantly
higher in CRLM patients than in IHCC patients
(P=0.043; Tuble 1).

Univariate analysis indicated that PTL =2 (P=0.004),
preoperative serum GGT level >37.0 U/L (P=0.020), major
hepatectomy for IHCC (P=0.011), operation time (P<0.001),
and intraoperative blood transfusion (P=0.023) were
significantly associated with postoperative complications.
All the predictors (P<0.1) were included in the multivariate
analysis, and it indicated that major hepatectomy for
[HCC (OR 1.921, 95% CI: 1.066-3.459, P=0.030) and
PTL =2 (OR 2.207, 95% CI: 1.209-4.028, P=0.010)
were significantly associated with higher morbidity of
postoperative complications (Zable 2).

After 1:1 PSM (Table 3), 46 IHCC patients and 46
CRLM patients undergoing major hepatectomy were
matched successfully. Compared with CRLM patients,
IHCC patients presented the longer operation time
[Median (IQR): 241.5 (214.5-355.5) vs. 182.0 (148.8-250.0)
min, P<0.001]. The postoperative complication rate was
significantly higher in the IHCC patients than in the
CRLM patients (P=0.029), while the incidence of surgical
complications was not significantly different (P=0.277). In
patients with postoperative complications, the infection-
related complication rate was more common in the
CRLM patients (n=18,72.0%) than in the IHCC patients
(n=13,37.1%, P=0.008; Tuble 3).

In the univariate analysis listed in 7able 2, major
hepatectomy for IHCC (P=0.031), operation time (P=0.002)
and PTL (P=0.021) were significantly associated with
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postoperative complications. The intraoperative blood
loss tended to the presence of postoperative complications
(P=0.062). In the multivariate analysis, major hepatectomy
for IHCC (OR 2.673, 95% CI: 1.095-6.521, P=0.031)
was independently associated with higher morbidity of
postoperative complications (7able 2).

Patients receiving minor hepatectonry

Clinicopathological characteristics

Over the study period, 46 IHCC patients and 62 CRLM
patients who underwent minor hepatectomy were included.
Compared to the CRLM patients, the IHCC patients
presented larger tumor size (45.7% vs. 15.5%, P<0.001)
but have no significant difference in the multiple tumors
(8.7% vs. 12.9%, P=0.491). PTL =1 was more observed in
the IHCC patients than CRLM patients (47.8% vs. 22.6%,
P=0.006; Tible 4).

Outcomes before and after PSM

The median of operation time and intraoperative
blood loss was 150.0(IQR:120.0-210.3) min and 200.0
(IQR:100.0-300.0) mL, respectively. And 2.8% of
patients received intraoperative blood transfusion. There
was no postoperative mortality. In this study, 31.5% of
patients underwent postoperative complications (general
complications: 29 patients, surgery-related complications:
12 patients, infection-related complications: 20 patients,
bile leakage: 2 patients), including 12 major complications
and 22 minor complications. IHCC patients presented the
longer operation time [Median (IQR): 203.0 (139.8-225.0)
vs. 132.5 (108.3-172.0) min, P<0.001], more intraoperative
blood loss [Median (IQR): 200.0 (100.0-300.0) vs. 150.0
(95.0-200.0) mL, P<0.001] and more intraoperative blood
transfusion (6.5% vs. 0.0%, P=0.041; Table 4).

After 1:1 PSM, 31 IHCC patients and 31 CRLM
patients undergoing minor hepatectomy were included
in the study. Compared with CRLM patients, IHCC
patients presented the longer operation time [Median
(IQR): 187.0 (140.0-225.0) vs. 143.0 (109.0-171.0) min,
P=0.013]. There was no significant difference in the
intraoperative blood loss [Median (IQR): 200.0 (100.0-
300.0) vs. 200.0 (100.0-200.0) mL, P=0.638], postoperative
complication rate (P=0.421), the major complications
rate (P=0.688), the minor complications rate (P=0.544),
the surgical complications rate (P=0.718) and the general
complications rate (P=0.263) between the IHCC patients
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Table 2 Prognostic factors for post-operative complications in patients receiving major liver resection before and after PSM

Univariate analysis Multivariate analysis
Factor
P OR (95% CI) P OR (95% Cl)

Before PSM

Age =60 years 0.791 0.925 (0.521-1.645)

Male 0.742 1.100 (0.623-1.945)

BMI =24 kg/m® 0.693 1.124 (0.628-2.013)

ASA score 3-4 0.202 2.104 (0.672-6.589)

PTL=2 0.004 2.381 (1.323-4.283) 0.010 2.207 (1.209-4.028)

Preoperative serum D-dimer level =0.32 mg/L 0.092 1.623 (0.917-2.873)

Preoperative serum GGT level =37 U/L 0.020 1.990 (1.116-3.548)

Diameter of the largest tumor >4 cm 0.151 1.523 (0.858-2.704)

Major liver resection for IHCC 0.011 2.119 (1.191-3.771) 0.030 1.921 (1.066-3.459)

Multiple tumors 0.128 0.641 (0.361-1.136)

Operation time* <0.001 1.009 (1.005-1.013)

Blood loss* 0.083 1.001 (1.000-1.002)

Blood transfusion 0.023 2.510 (1.134-5.555)
After PSM

Age =60 years 0.954 0.974 (0.406-2.336)

Male 0.489 0.733 (0.305-1.764)

BMI =24 kg/m® 0.203 0.548 (0.217-1.383)

ASA score 3-4 0.579 1.487 (0.366-6.046)

PTL=2 0.021 2.876 (1.172-7.058)

Preoperative serum D-dimer level 0.160 3.303 (0.624-17.485)

Preoperative serum GGT level 0.146 1.006 (0.998-1.015)

Diameter of metastases>4 cm 0.470 1.374 (0.580-3.257)

Major liver resection for IHCC 0.031 2.673 (1.095-6.521) 0.031 2.673 (1.095-6.521)

Multiple metastases 0.938 1.036 (0.428-2.510)

Operation time* 0.002 1.011 (1.004-1.017)

Blood loss* 0.357 1.000 (1.000-1.001)

Blood transfusion 0.062 3.515 (0.940-13.148)

*, operation time and blood loss > the median of different surgical methods. PSM, propensity score matching; BMI, body mass index;
ASA, American Society of Anesthesiology; PTL, pre-operative treatment and lymphadenectomy; GGT, gamma glutamyl transpeptidase.

and CRLM patients (Table 5). incidence of postoperative complications were different

between IHCC patients and CRLM patients in different
Discussion hepatector.ny procedures. In the major hepatectomy group,
patients with IHCC were more likely to have postoperative

Our study found that intraoperative outcomes and the complications. In patients with postoperative complications,
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Table 3 Clinicopathological characteristics in patients receiving major liver resection after PSM

Item IHCC (n=46) CRLM (n=46) P All patients (n=92)
Age =60 years, n (%) 15 (32.6) 22 (47.8) 0.137 37 (40.2)
Male, n (%) 26 (56.5) 27 (58.7) 0.833 53 (57.6)
BMI =24 kg/m?, n (%) 27 (58.7) 31 (67.4) 0.388 58 (63.0)
ASA score 3-4, n (%) 5(10.9) 6 (13.0) 0.748 11 (12.0)
PTL=0, n (%) 9 (19.6) 16 (34.8) 0.101 25 (27.2)
Preoperative serum D-dimer level =0.32 mg/L, n (%) 20 (43.5) 25 (54.3) 0.297 45 (48.9)
Preoperative serum GGT level =37 U/L, n (%) 25 (54.3) 19 (41.3) 0.210 44 (47.8)
Diameter of the largest tumor >4 cm, n (%) 24 (52.2) 21 (45.7) 0.532 45 (48.9)
Multiple tumors, n (%) 19 (41.3) 16 (34.8) 0.519 35 (38.0)

Intraoperative outcomes

Operation time (min), media (IQR) 241.5 (214.5-355.5)  182.0 (148.8-250.0) <0.001 226.0 (177.3-309.5)
Blood loss (mL), median (IQR) 200 (100-500) 150 (100-400) 0.359 200 (100-487.5)
Blood transfusion, n (%) 12 (26.1) 7 (15.2) 0.198 19 (20.7)

Post-operative complications, n (%)

Complications 35 (76.1) 25 (54.3) 0.029 60 (65.2)
Major complications 15 (32.6) 9 (19.6) 0.154 24 (26.1)
Minor complications 20 (43.5) 16 (34.8) 0.393 36 (39.1)
General complications 22 (47.8) 19 (41.3) 0.529 41 (44.6)
Surgical complications 19 (41.3) 14 (30.4) 0.277 33 (35.9)
Infection related complications 13 (28.3) 18 (39.1) 0.270 31 (33.7)
Bile leakage 5(10.9) 1(@2.2) 0.091 6 (6.5)

Patients with post-operative complications®, n (%)

Major complications 15 (42.9) 9 (36.0) 0.593 24 (40.0)
Minor complications 20 (57.1) 16 (64.0) 36 (60.0)
General complications 22 (62.9) 19 (76.0) 0.281 41 (68.3)
Non general complications 13 (37.1) 6 (24.0) 19 (31.7)
Surgical complications 19 (54.3) 14 (56.0) 0.895 33 (55.0)
Non-surgical complications 16 (45.7) 11 (44.0) 27 (45.0)
Infection related complications 13 (37.1) 18 (72.0) 0.008 31(51.7)
Non-infection related complications 22 (62.9) 7 (28.0) 29 (48.3)
Bile leakage 5(14.3) 1(4.0) 0.190 6 (10.0)
Non bile leakage 30 (85.7) 24 (96.0) 54 (90.0)

* IHCC (n=35), CRLM (n=25), all patients (n=60). PSM, propensity score matching; BMI, body mass index; ASA, American Society of
Anesthesiology; PTL, pre-operative treatment and lymphadenectomy; GGT, gamma glutamyl transpeptidase.
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Table 4 Clinicopathological characteristics in patients receiving minor liver resection before PSM
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Iltem IHCC (n=46) CRLM (n=62) P All patients (n=108)
Age =60 years, n (%) 16 (34.8) 22 (35.5) 0.940 38 (35.2)
Male, n (%) 27 (58.7) 38 (61.3) 0.785 65 (60.2)
BMI =24 kg/m®, n (%) 26 (56.5) 39 (62.9) 0.503 65 (60.2)
ASA score 3-4, n (%) 6 (13.0) 2(3.2 0.054 8(7.4)
PTL=1, n (%) 22 (47.8) 14 (22.6) 0.006 36 (33.3)
Preoperative serum D-dimer level =0.32mg/L, n (%) 20 (43.5) 31 (50.0) 0.502 51 (47.2)
Preoperative serum GGT level =37 U/L, n (%) 18 (39.1) 19 (30.6) 0.358 37 (34.3)
Diameter of the largest tumor >4 cm, n (%) 21 (45.7) 9 (14.5) <0.001 30 (27.8)
Multiple tumors, n (%) 4 (8.7) 8 (12.9) 0.491 12 (11.1)
Intraoperative outcomes

Operation time (min), media (IQR) 203.0 (139.8-225.0) 132.5 (108.3-172.0) <0.001 150.0 (120.0-210.3)

Blood loss (mL), median (IQR) 200.0 (100.0-300.0) 150.0 (95.0-200.0) <0.001 200 (100-300)

Blood transfusion, n (%) 3(6.5) 0 (0.0) 0.041 3(2.8)

Post-operative complications, n (%)

Complications 16 (34.8) 18 (29.0) 0.525 34 (31.5)
Major complications 5(10.9) 7 (11.3) 0.945 12 (11.1)
Minor complications 11 (23.9) 11 (17.7) 0.431 22 (20.4)
General complications 14 (30.4) 15 (24.2) 0.469 29 (26.9)
Surgical complications 5(10.9) 7(11.3) 0.945 12 (11.1)
Infection related complications 8(17.4) 12 (19.4) 0.795 20 (18.5)
Bile leakage 1.2 1(1.6) 0.831 2(1.9

Patients with post-operative complications®, n (%)

Major complications 5(31.3) 7 (38.9) 0.642 12 (35.3)

Minor complications 11 (68.8) 11 (61.1) 22 (64.7)

General complications 14 (87.5) 15 (83.3) 0.732 29 (85.3)

Non general complications 2(12.5) 3(16.7) 5(14.7)

Surgical complications 5(31.3) 7 (38.9) 0.642 12 (385.3)

Non-surgical complications 11 (68.8) 11 (61.1) 22 (64.7)

Infection related complications 8 (50.0) 12 (66.7) 0.324 20 (58.8)

Non-infection related complications 8 (50.0) 6 (33.3) 14 (41.2)

Bile leakage 1(6.3) 1(5.6) 0.932 2 (5.9

Non bile leakage 15 (93.8) 17 (94.4) 32 (94.1)

* IHCC (n=16), CRLM (n=18), all patients (n=34). PSM, propensity score matching; BMI, body mass index; ASA, American Society of
Anesthesiology; PTL, pre-operative treatment and lymphadenectomy; GGT, gamma glutamyl transpeptidase.
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Table 5 Clinicopathological characteristics in patients receiving minor liver resection after PSM

Iltem IHCC (n=31) CRLM (n=31) P All patients (n=32)
Age =60 years, n (%) 11 (35.5) 10 (32.3) 0.788 21 (33.9)
Male, n (%) 20 (64.5) 17 (54.8) 0.437 37 (59.7)
BMI =24 kg/m®, n (%) 19 (61.3) 20 (64.5) 0.793 39 (62.9)
ASA score 3-4, n (%) 0(0.0) 0(0.0) 1.000 0(0.0)
PTL=1, n (%) 10 (32.3) 10 (32.3) 1.000 20 (32.3)
Preoperative serum D-dimer level >0.32 mg/L, n (%) 11 (35.5) 18 (58.1) 0.075 29 (46.8)
Preoperative serum GGT level =37 U/L, n (%) 12 (38.7) 11 (35.5) 0.793 23 (37.1)
Diameter of the largest tumor >4 cm, n (%) 9 (29.0) 9 (29.0) 1.000 18 (29.0)
Multiple tumors, n (%) 2 (6.5) 5(16.1) 0.229 7 (11.3)
Intraoperative outcomes

Operation time (min), media (IQR) 187.0 (140.0-225.0) 143.0 (109.0-171.0) 0.013 150.0 (120.0-214.8)

Blood loss (mL), median (IQR) 200 (100-300) 200 (100-200) 0.638 200 (100-300)

Blood transfusion, n (%) 0 (0.0) 0(0.0) - 0(0.0)

Post-operative complications, n (%)

Complications 12 (38.7) 9 (29.0) 0.421 21 (33.9)
Major complications 4 (12.9) 3(9.7) 0.688 7 (11.3)
Minor complications 8 (25.8) 6 (19.4) 0.544 14 (22.6)
General complications 11 (35.5) 7 (22.6) 0.263 18 (29.0)
Surgical complications 4(12.9) 5(16.1) 0.718 9 (14.5)
Infection related complications 7 (22.6) 5(16.1) 0.520 12 (19.4)
Bile leakage 1.2 1(3.2) 1.000 2(3.2)

Patients with post-operative complications®, n (%)

Major complications 4 (33.3) 3(33.3) 1.000 7 (33.3)

Minor complications 8 (66.7) 6 (66.7) 14 (66.7)

General complications 11 (91.7) 7(77.8) 0.368 18 (85.7)

Non general complications 1(8.3) 2 (22.2) 3(14.3)

Surgical complications 4 (33.3) 5 (55.6) 0.309 9 (42.9)

Non-surgical complications 8 (66.7) 4 (44.4) 12 (57.1)

Infection related complications 7 (568.3) 5 (55.6) 0.899 12 (57.1)

Non-infection related complications 5(41.7) 4 (44.4) 9 (42.9)

Bile leakage 1(8.3) 1(11.1) 0.830 2 (9.5

Non bile leakage 11 (91.7) 8(88.9) 19 (90.5)

* IHCC (n=12), CRLM (n=9), all patients (n=21). PSM, propensity score matching; BMI, body mass index; ASA, American Society of

Anesthesiology; PTL, pre-operative treatment and lymphadenectomy; GGT, gamma glutamyl transpeptidase.
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the infection-related complication rate was significantly
higher in the CRLM patients than in the IHCC patients.
For minor hepatectomy, there was no significant difference
in postoperative complications between IHCC and CRLM.
The operative time of IHCC patients was longer whatever
in the major or minor hepatectomy group.

Early postoperative complications commonly seen in
patients with hepatectomy are postoperative bleeding,
ascites, infection, and liver failure. Liver failure is the most
serious one of them, resulting in postoperative mortality
(21,22). The incidence of complications in this study
reached 53.9%, including 65.4% in major and 31.5% in
minor hepatectomy. The most common complication in
our study was infection. CRLM patients were more likely
to develop infection-related complications during major
hepatectomy, which might be related to preoperative
adjuvant therapy and secondary surgery. Besides, obesity
has been implicated as a risk factor for the development
of all-stage colorectal cancer by affecting insulin pathways
(23,24). More than 60% of patients with CRLM had a
BMI >24 kg/m’in this study. And CRLM patients are more
likely to have postoperative hyperglycemia (25). Previous
studies indicated patients who developed postoperative
hyperglycemia after colorectal operations had an increased
risk of infection (26,27). Surgical complications, such as
postoperative bleeding and deep venous thrombus, were
not different between IHCC and CRLM. In patients who
underwent hepatectomy, bile leakage remained a common
cause of postresectional liver failure (28), with an incidence
of 3.4-12.9% (29,30). However, the morbidity of bile
leakage in IHCC patients was not higher than CRLM,
though peripheral bile duct dilatation and lymph node
dissection were more common in IHCC.

The incidence of postoperative complications between
different types of hepatic malignancies was not compared
comprehensively in most other centers. In our study, the
morbidity of overall complications in the IHCC group was
significantly higher the CRLM group. Even after PSM,
the rate remained high. And major hepatectomy was a risk
factor for the postoperative complication in IHCC group,
but not in the CRLM group. Postoperative complications
might be not only related to the range of hepatectomy but
also the type of hepatic malignancy. In other words, IHCC
patients might be inherently at higher operative risk as
compared to CRLM patients, possibly due to the biology of
the tumor.

Multiple studies have proven that postoperative
complications were related to the operation time (10,31,32).
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Longer operative time and greater bleeding volume
increased the risk of post-hepatectomy morbidity and
mortality in both open and laparoscopic hepatectomy
(14,15). In this study, the operation time of IHCC was
longer than CRLM. Biliary and vascular resections was
more common in the surgery of IHCC, which need longer
operative time. The location of IHCC always close to the
porta hepatis and the retrohepatic inferior vena cava and
the tumor size of IHCC was significantly bigger. Another
possible reason was routine lymph node dissection for
IHCC, while it was not performed routinely for CRLM.
Therefore, longer operative time were associated with the
characteristics of IHCC.

When patients received major hepatectomy, the morbidity
of postoperative complications in IHCC was higher than
CRLM. But when they received a minor one, there was no
significant difference. It was not surprising because the vascular
and biliary injury may be inevitable and the injury can lead to
specific postoperative complications such as biliary ischemia
or lymphatic leak during portal lymphadenectomy (10).
In other studies, age, preoperative liver function Child-Pugh
score, range of hepatectomy, and intraoperative bleeding were
independent risk factors for postoperative complications of
hepatic malignancies (20,33-36).

Our study did have some limitations. First, it was
retrospective and single-institutional. Second, there was
no other center to validate our conclusion. In the future,
we hope there will be more studies to verify the results.
Despite these limitations, this study may lead to some
comprehensive understanding of these differences. First,
considering that in the study the operation for CRLM was
secondary surgery, it would take a longer time than the first
operation. Both IHCC and CRLM pursued RO resection,
IHCC did not specifically emphasize the extension of the
range of hepatectomy compared to CRLM. Previous studies
did not clarify the cases of simultaneous and heterogeneous
CRLM, nor did they compare the cases of preoperative
adjuvant therapy. We took this into account and only
heterogeneous CRLM were selected. Second, the rate of
complication could also be related to lymph node dissection
for IHCC (37) or preoperative neoadjuvant treatment
for CRLM (38). Preoperative neoadjuvant chemotherapy
was common for CRLM, but only a small percentage of
patients with IHCC received preoperative neoadjuvant
chemotherapy. Hence no matter which of the two was
matched in PSM, the size of the other group would be too
small. In this case, the combination of the status of PTL
was established to analyze the postoperative complications.
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In conclusion, our study confirmed that major
hepatectomy for IHCC led to significantly higher morbidity
of complications than CRLM patients. Nowadays, the
oncological resection of tumors remains the gold standard
for therapeutic intents, so more attention should be paid
to improve surgical techniques and management of hepatic
malignancies especially in the setting of IHCC, which will
lead to a favorable outcome after surgery.
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