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SUMMARY

The presence of esophageal varices (EV) is a phenotype of portal hypertension, and the indications of
liver resection for hepatocellular carcinoma (HCC) in patients with concomitant EV are conflicting.
This retrospective study aimed to elucidate if there is justification for liver resection in patients with
EV. The surgical outcomes were compared between the patients who underwent resection for HCC
with EV (EV group) and those without EV (non-EV group) after propensity-score matching. More
bleeding was prevalent (P < 0.001) and refractory ascites was more frequently observed (P = 0.031) in
the EV group (n = 277) compared with the non-EV group (n = 277); however, the numbers of patients
with morbidities (P = 0.740) and re-operation (P = 0.235) were not significantly different between
the two groups. After a median follow-up period of 3.0 years, the median overall and recurrencefree survival periods of patients with EV were 4.8 years (95% confidence interval [CI], 4.1-5.9) and
1.7 years (1.5-2.0), respectively, and were significantly shorter than those of patients without EV (7.6
years [95% CI, 6.3.9.7], P < 0.001, and 2.2 years [1.9-2.5], P = 0.016). On multivariate analysis, the
independent factors for overall survival in the EV group were indocyanine green clearance rate at 15
minutes, des-gamma carboxyprothrombin, and the presence of multiple tumors. Considering that liver
resection for patients with EV can be safely performed, it should not be contraindicated. However,
surgical outcomes of these patients were unsatisfactory, suggesting that candidates for resection for
HCC should be carefully selected.
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1. Introduction
The presence of esophageal varices (EV) is a phenotype
of portal hypertension (1). The Barcelona Clinic Liver
Cancer (BCLC) staging system proposed that liver
resection is recommended only for Child-Pugh class A
and B patients with a single hepatocellular carcinoma
(HCC); additionally, those with portal hypertension are
not candidates for operation due to the high frequency of
postoperative mortality and worse patient survival (2). In
contrast, as long as EVs are properly managed, based on
the endoscopic findings before surgery, the presence of
EV is not included in the exclusion criteria for resection
in the treatment algorithms, according to the Clinical
Practice Guidelines for Hepatocellular Carcinoma in
Japan (3).
The indications for liver resection in patients with
HCC and EV are conflicting. Consistent with the BCLC
staging system, previous reports demonstrated that
patients with portal hypertension were not candidates

for liver resection due to concomitant cirrhosis and
thrombocytopenia, especially in Western countries (4,5).
On the other hand, recent studies have reported that the
presence of EV (6-8) or portal hypertension (9-12) is not
an absolute contraindication for liver resection because the
surgical outcomes of patients with HCC who underwent
appropriate management for EV were acceptable. Thus,
the outcomes of surgical resection for HCC in patients
with portal hypertension are not completely understood.
To elucidate if there is justification for liver resection
for HCC in patients with EV, we compared the surgical
outcomes of patients with HCC who had EV to those of
patients who did not have EV, and estimated the safety of
operation and prognosis in these patients.
2. Patients and Methods
2.1. Patients
The study group was comprised of patients who
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underwent liver resection for HCC at Nihon University
Itabashi Hospital between 2000 and 2018. Among
these patients, those who underwent initial and curative
resection were included in this study. All patients were
closely observed during each outpatient office visit
after the operation. Each participant provided written,
informed consent, and this study was approved by
the institutional review board of Nihon University
(RK-200908-8). The study design was conducted in
accordance with the ethical guidelines of the Declaration
of Helsinki.
2.2. Esophageal varices
Upper gastrointestinal endoscopy was performed as
previously described (13). Briefly, endoscopy was
performed by two operators with expertise in the
assessment of patients before surgery. Subsequently,
patients with gastric or esophageal varices were defined
as the EV group, while those without varices were
part of the non-EV group. Surgical outcomes between
the two groups were compared after propensity-score
matching to adjust for patient background information,
including age, sex, hepatitis viral infection, alcohol
abuse, diabetes mellitus, tumor status, and tumor
markers. Propensity scores were matched using a
caliper width of 0.2 and one-to-one pair matching was
carried out.
EVs were staged as none (no veins above the
esophageal mucosal surface; F0), small (minimally
elevated veins above the esophageal mucosal surface;
F1), medium (tortuous veins occupying less than onethird of the esophageal lumen; F2), or large (those
occupying more than one-third of the esophageal lumen;
F3), according to the General Rules for Recording
Endoscopic Findings of Esophagogastric Varices based
on Beppu's classification (14). Interventional treatments,
such as endoscopic variceal ligation, are required for
severe EVs (F2/F3 EVs or F1 EVs with red-color signs)
before surgery (13).
2.3. Surgical procedure
All patients underwent liver resection via an open
approach. The indications for liver resection were
determined based on the Clinical Practice Guidelines
for Hepatocellular Carcinoma in Japan (3), and the
surgical procedure was determined by assessing the liver
functional reserve, including the total serum bilirubin
level and indocyanine green clearance rate at 15
minutes (ICGR15) (15). The liver was transected under
ultrasonographic guidance using the clamp-crushing
method with the inflow-blood-occlusion technique (16).
Curative resection was defined as the complete removal
of recognizable HCC with macroscopically tumor-free
surgical margins. Anatomical resection was defined
as liver resection over subsegmentectomy, and major

437

resection included segmentectomy, hemihepatectomy,
and trisegmentectomy.
2.4. Follow-up after surgery
All patients were followed for postoperative recurrence,
as described previously (17). Briefly, tumor marker
levels, such as alpha-fetoprotein (AFP) and des-gamma
carboxyprothrombin (DCP) were measured, and imaging
modalities, including computed tomography and
ultrasonography, were performed every three months
in all patients. Recurrence was diagnosed by dynamic
computed tomography and/or gadolinium-ethoxybenzyldiethylenetriamine pentaacetic acid-enhanced magnetic
resonance imaging. The date of recurrence was defined
as the date of examination when HCC recurrence was
noted. In patients with recurrent HCC, the recurrencefree period was defined as the time between the date
of surgery and the date of recurrence. Recurrent HCC
was managed aggressively by performing repeated liver
resection, transcatheter arterial chemoembolization,
radiofrequency ablation, and chemotherapy according
to the status of the HCC and liver function at the time of
recurrence.
2.5. Complications
Complications specific to liver resection were defined as
described previously (18). Morbidities were defined as
complications with Clavien-Dindo classification grade
≥ 3b (19). In-hospital death was defined as the state of
death within 90 days after liver resection.
2.6. Statistical analyses
Data collected from each group were statistically
analyzed using Fisher's exact test and Wilcoxon rank-sum
test, as appropriate. Survival rates were calculated using
the Kaplan-Meier method and subsequently compared
using the log-rank test. Prognostic factors for overall
survival were identified using the Cox proportional
hazards regression model. A P-value < 0.10 was set
as the cutoff value for elimination. The following 17
variables, which were considered potential confounders,
were examined: age (≥ vs. < 70 years), sex, positive for
hepatitis B virus and C virus infection, alcohol abuse,
diabetes mellitus, Child-Pugh classification (5 vs. 6 or
7), platelet count (≥ vs. 10 × 104/μL), ICGR15 (≥ vs. <
15%), serum AFP level (≥ vs. < 100 ng/mL), serum DCP
level (≥ vs. < 100 ng/mL), and pathological findings of
the main tumor [maximal tumor size [≥ vs. < 3.0 cm],
multiple tumors (solitary vs. tumor number ≥ 2], tumor
thrombus, tumor differentiation grade [poorly vs. well
or moderately], surgical margin, and liver cirrhosis). All
statistical analyses were performed using JMP version
12.0.1 (SAS Institute, Cary, NC, USA) and R version
3.4.0 (The R Foundation for Statistical Computing,
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Vienna, Austria). P < 0.05 was considered statistically
significant.
3. Results
3.1. Patients
A total of 1,302 patients underwent initial and curative
resection for HCC; they were divided into patients with

gastric or esophageal varices (EV group, n = 277) and
those without varices (non-EV group, n = 1,025) by
upper gastrointestinal endoscopy before surgery (Figure
1). Before propensity-score matching, the liver function
was worse, and hepatitis C virus infection (P < 0.001)
and liver cirrhosis were more frequent (P < 0.001) in
the EV group (Tables 1 and 2). In contrast, tumor status
was more advanced, and AFP levels were lower (P =
0.041), while the DCP level was higher (P = 0.004)
in the non-EV group. In the EV group, 56 patients
(20.2%) were diagnosed with severe EV and underwent
endoscopic variceal ligation.
3.2. Operative procedure

Figure 1. Flow diagram of patient recruitment and follow-up. LR,
liver resection; HCC, hepatocellular carcinoma

After one-to-one propensity matching, patients in
the non-EV group underwent anatomic resection (P
= 0.002) and major liver resection (P = 0.003) more
frequently compared with those in the EV group (Table
3). The amount of bleeding was higher (P < 0.001)
and the overall complication rate was more frequent
(P = 0.005) in the EV group; however, the morbidity
rate (Clavien-Dindo classification grade ≥ 3b) was not
different between the two groups (P = 0.740). Regarding
complications specific to liver resection for HCC, there

Table 1. Patient background
Items

Age, years
Sex, male
Hepatitis B
Hepatitis C
Alcoholic
Diabetes mellitus
Child-Pugh, ≥ 6
Platelet, × 104/μL
ICGR15, %
Alpha-fetoprotein, ng/mL
DCP, mAU/mL

Before propensity-score matching
EV (+)
(n = 277)
68 (36-85)
201 (72.5)
42 (15.1)
173 (62.4)
76 (27.4)
79 (28.5)
96 (34.6)
10.4 (3.8-66.0)
17.8 (2.0-65.5)
19 (1-39,596)
50 (1-75,000)

EV (−)
(n = 1,025)
69 (32-86)
792 (77.2)
169 (16.4)
569 (45.7)
273 (26.6)
342 (33.3)
196 (19.1)
15.8 (2.4-68.6)
11.6 (1.3-56.4)
12 (1-541,432)
70 (1-75,000)

After propensity-score matching
EV (+)
(n = 277)

EV (−)
(n = 277)

68 (36-85)
201 (72.5)
42 (15.1)
173 (62.4)
76 (27.4)
79 (28.5)
96 (34.6)
10.4 (3.8-66.0)
17.8 (2.0-65.5)
19 (1-39,596)
50 (1-75,000)

68 (35-85)
202 (27.0)
52 (18.7)
161 (58.1)
79 (28.5)
73 (26.3)
54 (19.4)
14.7 (2.4-51.0)
12.1 (1.9-56.4)
18 (1-11,927)
46 (6-21,851)

P
0.093
0.111
0.646
< 0.001
0.818
0.129
< 0.001
< 0.001
< 0.001
0.041
0.004

P
0.774
1
0.308
0.339
0.849
0.634
< 0.001
< 0.001
< 0.001
0.751
0.869

Data are presented as median (range) or n (%). ICGR15, indocyanine green clearance rate at 15 minutes; DCP, des-gamma-carboxy prothrombin.

Table 2. Pathology
Items

Tumor size, cm
Multiple
Vascular invasion
Differentiation grade, por
Tumor exposure, positive
Cirrhosis

Before propensity-score matching

After propensity-score matching

EV (+)
(n = 277)

EV (−)
(n = 1,025)

P

EV (+)
(n = 277)

EV (−)
(n = 277)

P

2.8 (0.7-13.0)
72 (25.9)
64 (23.1)
25 (9.0)
20 (7.2)
188 (67.8)

3.4 (0.5-21.0)
254 (24.7)
319 (31.1)
114 (11.1)
91 (8.8)
260 (25.3)

< 0.001
0.696
0.009
0.380
0.466
< 0.001

2.8 (0.7-13.0)
72 (25.9)
64 (23.1)
25 (9.0)
20 (7.2)
188 (67.8)

2.9 (0.5-16.0)
76 (27.4)
64 (23.1)
27 (9.7)
17 (6.1)
90 (32.4)

0.948
0.773
1
0.884
0.734
< 0.001

Data are presented as median (range) or n (%).
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were two patients (0.3%) with liver failure only in the
EV group (P = 0.499), and refractory ascites was more
frequent in the EV group (17 patients [6.1%]) than in the
non-EV group (six patients [2.1%]) (P = 0.031).
In this series, 17 (6.1%) patients in the EV group
and 10 (3.6%) patients in the non-EV group underwent
re-operation (P = 0.235) for severe postoperative
complications, including intraperitoneal hemorrhage in 11
patients (1.9%), intra-peritoneal abscess in five patients
(0.9%), bile leakage in four patients (0.7%), portal vein
thrombus in two patients (0.3%), wound infection in
two patients (0.3%), gastrointestinal perforation in two
patients (0.3%), and ileus in one patient (0.2%). Two
patients (0.3%) died after the operation; one died from
rapture of the varices, while another died from liver
failure in the EV group (P = 0.499).
Table 3. Operative data
Items

EV (+)
(n = 277)

EV (−)
(n = 277)

P

Operative time, min
0.337
312 (113-632) 300 (97-705)
Clamp time, min
0.606
66 (0-485)
66 (0-516)
Bleeding, mL
316 (5-3,887) 235 (10-3,500) < 0.001
Transfusion
0.855
17 (6.1)
15 (5.4)
Anatomic resection
0.002
66 (23.8)
99 (35.7)
Major resection
0.003
13 (4.6)
33 (11.9)
Complications
Overall†
0.005
131 (47.2)
98 (35.3)
Liver failure
0.499
2 (0.7)
0
Ascites
0.031
17 (6.1)
6 (2.1)
Morbidities
0.740
21 (5.7)
18 (4.3)
Re-operation
0.235
17 (6.1)
10 (3.6)
Intra-peritoneal hemorrhage 6 (2.1)
1
5 (1.8)
Intra-peritoneal abscess
0.372
4 (1.4)
1 (0.3)
Bile leakage
1
2 (0.7)
2 (0.7)
Portal venous thrombus
0.499
2 (0.7)
0
Others
1
3 (1.0)
2 (0.7)
Operative death
0.499
2 (0.7)
0
Hospital stay, days
0.112
14 (8-190)
13 (5-81)
Data are presented as median (range) or n (%). †, Only complications
specific to liver resection were enumerated.

3.3. Survival
After a median follow-up of 3.0 years (range, 0.2-16.3),
a total of 345 patients (62.2%) had recurrence: 325
patients (94.2%) experienced recurrence in the remnant
liver, 11 patients (3.1%) experienced recurrence in
the distant sites including the lung, lymph nodes,
peritoneum, and bone, and 9 patients (2.6%) had both
intra- and extrahepatic recurrence (Table 4). Resection
for recurrent HCC was performed more frequently in
the non-EV group (P = 0.087).
The median overall and recurrence-free survival
periods in the EV group (n = 277) were 4.8 years
(95% confidence interval [CI], 4.1-5.9) and 1.7 years
(1.5-2.0), respectively, and were significantly shorter
compared with those in the non-EV group (n = 277) (7.6
years [95% CI, 6.3-9.7], P < 0.001, and 2.2 years [1.92.5], P = 0.016) (Figure 2). The 5-year overall survival
rates were 48.9% and 66.5%, and the 5-year recurrencefree survival rates were 19.6% and 27.4% in the EV
and non-EV groups, respectively. On multivariate
analysis, the independent factors for overall survival
Table 4. Treatment for recurrence
Items
Recurrent sites
Intrahepatic
Distant sites
Both
Treatments
Second resection
TACE/TAI
RFA
Chemotherapy
Radiation therapy
None

EV (+)
(n = 189)

EV (−)
(n = 156)

178 (94.1)
6 (3.1)
5 (2.6)

147 (94.2)
5 (3.2)
4 (2.5)

56 (29.6)
118 (62.4)
2 (1.0)
5 (2.6)
2 (1.0)
5 (2.6)

60 (38.4)
83 (53.2)
4 (2.5)
8 (5.1)
0
1 (0.6)

P
1

0.093

Data are presented as n (%). TACE, transcatheter arterial
chemoembolization; TAI, transcatheter arterial infusion; RFA,
radiofrequency ablation.

Figure 2. Overall survival and recurrence-free survival of patients with HCC. There were significant differences between patients with EV and
those without EV in overall survival (A) and recurrence-free survival (B). EV, esophageal varices; HCC, hepatocellular carcinoma
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in the EV group were ICGR15 (P = 0.019), DCP (P =
0.002), and multiple tumors (P = 0.016) (Table 5). The
median overall survival times were significantly shorter
in patients with ICGR15 ≥ 15% (4.6 years [range, 4.15.7 years] versus 7.5 years [6.5-9.8 years], P < 0.001),
those with DCP ≥ 100 mAU/mL (4.5 years [range, 3.56.0 years] versus 6.9 years [6.0-7.6 years], P < 0.001),
and those with multiple tumors (4.3 years [range, 3.4-

5.7 years] versus 6.7 years [6.0-7.8 years], P < 0.001)
in the EV group (Figure 3).
4. Discussion
Our study demonstrated that liver resection for patients
with gastric or esophageal varices can be safely
performed. However, survival in the EV group was

Table 5. Prognostic factors for survival of patients with EV
Items
Age
Sex
Hepatitis B
Hepatitis C
Alcohol
Diabetes mellitus
Child-Pugh
Platelet
ICGR15
Alpha-fetoprotein
DCP
Tumor size
Multiple tumor
Tumor thrombus
Differentiation grade
Surgical margin
Cirrhosis

Univariate
Hazard ratio

95% CI

1.19
0.89
1.04
0.90
0.90
0.82
1.33
1.02
1.57
1.15
2.03
1.57
1.67
1.28
1.02
0.94
1.38

0.85-1.67
0.62-1.29
0.63-1.64
0.63-1.30
0.60-1.30
0.54-1.23
0.95-1.86
0.73-1.43
1.10-2.27
0.78-1.66
1.43-2.85
1.12-2.20
1.16-2.37
0.86-1.86
0.53-1.76
0.44-1.74
0.96-2.04

Multivariate
P
0.296
0.541
0.847
0.586
0.594
0.363
0.090
0.864
0.011
0.467
< 0.001
0.008
0.006
0.213
0.947
0.858
0.079

Hazard ratio

95% CI

P

1.08

0.76-1.54

0.545

1.54

1.07-2.26

0.019

1.75
1.40
1.60

1.21-2.52
0.98-1.99
1.09-2.33

0.002
0.059
0.016

1.22

0.82-1.84

0.327

EV, esophageal varices; ICGR15, indocyanine green clearance rate at 15 minutes; DCP, des-gamma-carboxy prothrombin.

Figure 3. Overall survivals of patients with HCC in the EV group. (A) The median overall survival of patients with ICGR15 ≥ 15% (n =170)
was significantly shorter than those with ICGR15 < 15% (n =107) (P < 0.001). (B) The median overall survival of patients with DCP ≥ 100 mAU/
mL (n =97) was significantly shorter than those with DCP < 100 mAU/mL (n = 180) (P < 0.001). (C) The median overall survival of patients
with multiple tumor (n =72) was significantly shorter than those with solitary tumor (n =205) (P < 0.001). HCC, hepatocellular carcinoma; EV,
esophageal varices; ICGR15, indocyanine green clearance rate at 15 minutes; DCP, des-gamma-carboxy prothrombin.
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significantly worse than that in the non-EV group;
therefore, indications for liver resection for such patients
should be carefully determined.
Liver cirrhosis was more frequent and liver function
was poorer in the EV group than in the non-EV group
in this study. Consistent with a previous report (20),
the amount of bleeding was larger in the EV group,
despite the fact that major resection was less frequent.
Considering that the augmentation of blood loss
increases postoperative complications in resection for
HCC (21), overall complication rate was more frequent
in the EV group in this study. In particular, the presence
of refractory ascites was more frequent in the EV group
(22,23). However, the frequency of severe complications,
such as liver failure, did not differ between the two
groups. Re-operation was often performed for intraperitoneal hemorrhage, intra-peritoneal abscess, and
bile leakage, but its frequency also was not significantly
different between the two groups. Because perioperative
prophylactic management of gastric or esophageal
varices is effective for preventing rupture after surgery
(11,13), we supposed that liver resection for HCC in
patients with varices could be safely performed and
should not be contraindicated (6,8,24).
Due to poor liver function, anatomical resection
and major resection were less frequent in the EV group
(15); this could negatively affect the survival of patients
undergoing non-anatomical resection (25). Furthermore,
liver function, which is one of the most influential
predictors of survival for patients with HCC, was worse
(26,27). Therefore, consistent with a previous study
(6), both overall and recurrence-free survival were
significantly shorter in the EV group. Nevertheless,
it has been shown that patients with HCC with EVs
are no longer a contraindication to liver resection
because the presence of EV is not always a negative
predictor for survival of patients (6,8,24). Resection
could even provide a survival benefit for patients with
portal hypertension and a history of Child-Pugh class A
cirrhosis (10). Actually, unlike in the BCLC treatment
strategy, portal hypertension is not a contraindication
for liver resection in the Clinical Practice Guidelines for
Hepatocellular Carcinoma in Japan (3).
Multivariate analysis showed that ICGR15, DCP,
and multiple tumors were independent factors for overall
survival (28,29). Certainly, liver resection for HCC
patients with EV can be safely performed and it may
provide survival benefits for such patients. However, the
prognosis of patients with unfavorable liver function and
advanced HCC is extremely poor. Therefore, indications
for liver resection for patients with such factors and EV
should be carefully determined.
This study has several limitations. First, the most
appropriate control group in this study included patients
undergoing other treatments such as transcatheter arterial
chemoembolization (30) or radiofrequency ablation
(31). Survival benefits of liver resection could have been
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revealed for the first time by comparing the survival rates
of patients undergoing surgery with those of patients
undergoing other treatments. However, this study was
based on the patient records of the surgical department;
therefore, we have no data for patients with EV who
underwent other treatments. Second, this retrospective
study was likely affected by selection bias, especially in
the EV group. Generally, the liver function of patients
with HCC was worse, and patients with poorer general
conditions, which did not appear as abnormal laboratory
data, might have been excluded.
In conclusion, the survival of patients with gastric
or esophageal varices was significantly shorter than that
of patients without varices. However, liver resection of
such patients could be safely performed and should not
be contraindicated. On the other hand, the prognosis of
patients with EV who had unfavorable liver function
and/or advanced tumor was unsatisfactory; therefore,
candidates for surgery for such patients should be
carefully selected based on their liver function and tumor
status.
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