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each). In contrast, surgical outcomes were similar in 
patients with high and low visceral fat amounts.
Conclusions Sarcopenia was a risk factor for postopera-
tive complications after major hepatectomy, particularly in 
elderly patients.

Keywords Sarcopenia · Major hepatectomy · 
Complications

Introduction

Although advances in multimodal treatment options, such 
as radiofrequency ablation, interventional radiology, and 
chemotherapy, have improved survival rate in patients with 
liver cancer [1–3], hepatic resection still provides the best 
hope of cure [4]. Major hepatectomy, however, is still asso-
ciated with significant morbidity (12.9–47.1 % [5–9]) and 
mortality (2.6–7.4 % [5–10]) rates, despite advances in 
surgical techniques and perioperative care. Postoperative 
complications lead to not only prolonged hospital stays but 
also greater medical costs, and, possibly, poorer long-term 
survival [11, 12]. Accurate assessments of future remnant 
liver function are crucial in avoiding or minimizing post-
operative complications. However, some patients experi-
ence unexpected postoperative complications, despite a 
careful preoperative workup, suggesting that an alternative 
approach, considering not only liver function but general 
patient condition, is required to prevent morbidity after 
hepatectomy. Moreover, the number of elderly patients who 
undergo major hepatectomy is increasing, and this popula-
tion is more likely to suffer from relevant disorders, such 
as cardiac or pulmonary dysfunction and diabetes mellitus, 
that may affect postoperative outcomes [13]. Indeed, the 
mortality rate following major hepatectomy was found to 
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Background Major hepatectomy is associated with signif-
icant morbidity and mortality rates, particularly in patients 
aged more than 70 years. This study assessed whether 
physical indicators, such as sarcopenia and visceral fat 
amount, could predict morbidity and mortality after major 
hepatectomy.
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curative major hepatectomy. Skeletal muscle and visceral 
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with and without sarcopenia, based on median skeletal 
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be 11.1 % in patients aged more than 70 years compared 
with 3.6 % in younger patients [14].

Aging results in a progressive loss of muscle mass and 
strength, so-called sarcopenia. Sarcopenia may cause func-
tional impairment, physical disability, and even mortality 
and has been associated with poorer long-term outcomes in 
cancer patients [15–20]. Sarcopenia has been reported to be 
a robust predictor of postoperative complications of general 
anesthesia [21, 22]. The prevalence of sarcopenia contin-
ues to increase worldwide and has been associated with the 
increase in the number of elderly persons.

Aging and physical disability have also been associ-
ated related with increases in fat mass, particularly vis-
ceral fat, which is important in the development of meta-
bolic syndrome and other cardiovascular disease. Visceral 
fat amount has been reported to be associated with an 
increased incidence of many types of cancer [23]. Moreo-
ver, obesity itself has been reported to affect outcomes of 
abdominal surgery [24, 25].

The clinical significance of sarcopenia and visceral fat 
amount in surgical outcomes after hepatectomy remains 
unclear. We therefore analyzed whether sarcopenia or vis-
ceral fat amount could predict morbidity, liver-related mor-
bidity, and overall mortality after major hepatectomy.

Patients and methods

Study subjects

A total of 144 consecutive patients who underwent major 
hepatectomy (three or more Couinaud’s segments) at Kuma-
moto University Hospital (Kumamoto, Japan) between Jan-
uary 2007 and December 2013 were enrolled in this study. 
Patient characteristics are shown in Table 1. Of these patients, 
44 (30.1 %) underwent preoperative portal vein embolization 
before major hepatectomy. Perioperative data were prospec-
tively collected, and the association between objective fac-
tors of physical condition (such as sarcopenia and visceral 
fat amount) and surgical outcomes after major hepatectomy 
were retrospectively analyzed. Additionally, we also analyzed 
their impact in hepatocellular carcinoma (HCC) patients only. 
These patient characteristics are shown in Table S1.

Assessment of adipose and skeletal muscle tissue

All patients underwent preoperative multi-slice contrast-
enhanced computed tomography (CT) (slice thickness, 
2.5 mm). A transverse CT image of each scan at the third 
lumbar vertebra (L3) in the inferior direction was used to 
calculate the amounts of adipose and skeletal muscle tis-
sues [20]. The areas of skeletal muscle mass and visceral 

fat amount were measured by the Synapse Vincent sys-
tem. Skeletal muscle was identified and quantified by 
Hounsfield unit (HU) thresholds of −29 to +150 (water 
is defined as 0 HU, air as 1000 HU). The areas of vis-
ceral fat were calculated by measuring pixels with densi-
ties in the range of −190 to −30 HU [26, 27]. Briefly, 
visceral fat amounts were quantified in several muscles, 
including the psoas, erector spine, quadratus lumborum, 
transversus abdominis, rectus abdominis, and external 
and internal oblique abdominal muscles (Fig. 1). The 
cross-sectional area of each segment was normalized by 
height (cm2/m2). Because sarcopenia criteria are differ-
ent between Japanese and Western people, we divided the 
patients into two subgroups with and without sarcopenia 
based on the median skeletal muscle mass in men and 
women (43.2 cm2/m2 in men and 35.3 cm2/m2 in women). 
Cutoff values for visceral fat amount were determined as 
103 cm2 for men and 69 cm2 for women, which are rec-
ognized as measures of metabolic abnormalities in Japan 
[28].

Definition of surgical outcomes

The main surgical outcomes in the present study were 
morbidity, including liver-related morbidity, and mor-
tality after major hepatectomy. Complications were 
categorized using the modified Clavien classification 
system [29, 30]. Morbidity (i.e., serious complica-
tions) was defined as grade III or greater (IV and V). 
Liver-related morbidity was defined as a serum biliru-
bin level >3.0 mg/dl (50 μmol/l) and/or a prothrombin 
time index <50 % of the normal value on or after post-
operative day 5, along with clinical symptoms, such as 
refractory ascites, hepatic encephalopathy, and hepato-
renal syndrome, requiring intensive care treatment and 
defined as grade C post-hepatectomy liver failure by 
the International Study Group of Liver Surgery [9, 31]. 
Mortality was defined as any death that occurred during 
the same hospital stay or within 3 months after major 
hepatectomy.

Statistical methods

Continuous variables are expressed as median (range) 
unless otherwise stated and compared using Student’s t 
tests. We constructed a multivariate model to compute a 
hazard ratio (HR) according to morbidity, liver-related 
morbidity, and mortality. Cox model odds ratios (OR) with 
95 % confidence intervals (CI) were calculated. P < 0.05 
was considered statistically significant. All analyses were 
performed using JMP (Version 9; SAS Institute, Cary, NC, 
USA) software.
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Results

Perioperative and postoperative outcomes

Of the 144 patients, 108 (75 %) were male and 36 (25 %) 
were female. The details of peri- and postoperative out-
comes are described in Table 1. Serious postoperative 
complications, defined as grade III or greater (IV and V), 
occurred in 43 of the 144 patients (30 %). Liver-related 
morbidity occurred in 11 patients (7.6 %) and perioperative 
death in 8 (5.6 %), all of whom died of liver failure. Opera-
tive methods and diagnosis are shown in Table S1 (support-
ing information).

Sarcopenia and visceral fat amounts

The median amounts of skeletal muscle tissue were 43.2 cm2/
m2 in men and 35.3 cm2/m2 in women. Using cutoff values of 
103 cm2 for men and 69 cm2 for women, 69 patients (47.9 %) 
had high amounts of visceral fat. Comparative analysis 
showed that patients with sarcopenia and a low amount of 
visceral fat amount had a significantly lower body mass index 
(BMI) (Table 1). There were correlations among total skeletal 
muscle, BMI, and visceral fat amount (Fig. 2). Other factors 
such as age, sex, hepatitis, preoperative therapy, tumor size, 
number of tumors, tumor markers, and diagnosis were not 
related to the presence of sarcopenia or the amount of visceral 
fat. Additional analysis of the clinical significance of sarcope-
nia and visceral fat amount was performed in elderly patients 
aged more than 70 years. In this group, patients with sarcope-
nia and low visceral fat amount were significantly older and 
had significantly lower BMI (Table 2).

Impact of sarcopenia and visceral fat amount 
on surgical outcomes after major hepatectomy

The impact of sarcopenia or visceral fat amount on sur-
gical outcomes after major hepatectomy was evaluated 
using the Pearson’s chi-squared test (χ2) (Table 1). The 
mortality rate was significantly higher in patients with 
sarcopenia than without sarcopenia (P = 0.021), whereas 
morbidity and liver-related morbidity rates did not differ 
significantly (P = 0.58, P = 0.11 respectively) (Table 1; 
Fig. S1A). In patients aged more than 70 years, the mor-
bidity (P = 0.046), liver-related morbidity (P = 0.025), 
and mortality (P = 0.0018) rates were significantly higher 
in patients with than without sarcopenia. (Table 2, Fig-
ure S1B). In contrast, morbidity (P = 0.5), liver-related 
morbidity (P = 0.9), and mortality (P = 0.37) were simi-
lar in patients with high and low amounts of visceral fat 
(Table 1), even in the subgroup of patients aged more than 
70 years (Table 2). Operation time, however, was signifi-
cantly shorter in patients with low than high visceral fat 
amounts.

In univariable analysis, significant risk factors for mor-
tality in all patients were low skeletal muscle mass, pres-
ence of HCV infections, long operative time, and high 
blood loss. In multivariable analysis, low skeletal muscle 
mass was identified as the risk factor in mortality (HR 4.3, 
P = 0.038) (Table 3).

In patients aged more than 70 years, the low skeletal 
muscle mass was a significant risk factor for morbidity and 
liver-related morbidity and mortality in univariable analy-
sis. In multivariable analysis, low skeletal muscle mass was 
identified as the risk factor in all complications (morbidity: 

Fig. 1  Computed tomogram shows area of skeletal muscle mass 
(highlighted blue) and visceral fat amount (highlighted red) in L3 
region. Areas of skeletal muscle mass and visceral fat amount were 
measured using the Synapse Vincent system. Skeletal muscle was 

identified and quantified by Hounsfield unit (HU) thresholds of −29 
to +150. Areas of visceral fat were calculated by measuring pixels 
with densities in the range of −190 to −30 HU
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HR 4.6, P = 0.032; liver-related morbidity: HR 6.54, 
P = 0.011; mortality: HR 6.54, P = 0.011) (Table 4).

Impact of sarcopenia and visceral fat amount 
on surgical outcomes after major hepatectomy in HCC 
patients

We also analyzed the impact of these factors in HCC 
patients only. The liver-related morbidity and mortality 
rates was significantly higher in patients with sarcopenia 

than without sarcopenia (P = 0.024, P = 0.01 respec-
tively), whereas the morbidity rate did not differ signifi-
cantly (P = 0.46). In patients aged above 70 years, all rates 
were also significantly higher in patients with than without 
sarcopenia (P = 0.035, P = 0.027, P = 0.0051, respec-
tively) (Table S2). The amount of visceral fat was not asso-
ciated with morbidity, liver-related morbidity, and mortality 
rates in HCC patients (Table S2). We also examined uni-
variable and multivariable analysis in all complications. 
In multivariable analysis, low skeletal muscle mass was 

Fig. 2  Correlation analysis among sarcopenia, body mass index (BMI), and visceral fat amount. Positive correlations were determined among 
these three factors
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identified as the risk factor for liver-related morbidity (HR 
14.9, P = 0.0001) and mortality (HR 9.45, P = 0.0021) 
in HCC patients (Table S3), and in HCC patients aged 
more than 70 years (morbidity: HR 5.2, P = 0.023; liver-
related morbidity: HR 8.5, P = 0.0035; mortality: HR 6.73, 
P = 0.0095; Table S4).

Discussion

The rates of sarcopenia are increasing in elderly patients 
who undergo major surgery, including hepatectomy. This 
study showed that sarcopenia is a useful predictive factor 
of mortality in patients undergoing major hepatectomy. 
Sarcopenia was a powerful predictor of postoperative com-
plications, including morbidity, liver-related morbidity, 
and mortality, following major hepatectomy, especially in 
patients aged 70 years and older.

Sarcopenia is associated with aging, inactivity, and with 
a series of chronic diseases. Depletion of muscle mass was 
found to be a risk factor for perioperative infection, and 
sarcopenia was associated with increased length of hos-
pital stay and requirements for prolonged rehabilitation 
[32]. In addition, sarcopenia was strongly associated with 
an increased risk of major postoperative complications in 

patients who underwent hepatectomy for colorectal liver 
metastases [21]. As such, sarcopenia may be an objective 
measurement of frailty that might help predict the risk of 
perioperative morbidity. This study also showed that sarco-
penia was significantly associated with postoperative com-
plications (liver-related morbidity and mortality) in HCC 
patients (Table S2). Harimoto et al. [20] described the sig-
nificant relationship between sarcopenia and long-term out-
come in HCC patients with hepatic resection. Skeletal mus-
cle was recently identified as an endocrine organ [33]. The 
cytokines and other peptides that are produced, expressed, 
and released by muscle fibers might influence the short-
term and long-term outcome of HCC patients.

Selecting appropriate candidates for liver resection is 
therefore crucial to maximize the benefits derived from 
surgery [34, 35]. Hepatectomy is considered a high-risk 
operation in elderly patients, for both postoperative mor-
bidity and mortality, because these patients already have 
low physical activity as a result of other diseases, including 
cardiac, pulmonary, and renal dysfunction and metabolic 
diseases [36, 37]. Sarcopenia may therefore be useful for 
identifying patients with low physical activity who are una-
ble to tolerate major hepatectomy.

Several recent studies have reported that high visceral 
fat amount is associated with postoperative complications 

Table 2  Clinical and peri-operative factors relative to sarcopenia and visceral fat amount in patients aged more than 70 years

ICGR15 indocyanine green retention rate at 15 min

Clinical factors Sarcopenia P Visceral fat amount P

Present (n = 24) (%) Absent (n = 26) (%) Low (n = 25) 
(%)

High (n = 25) 
(%)

Age (years) 77.2 ± 3.1 74.3 ± 2.6 <0.001 76.7 ± 3.5 74.6 ± 2.5 0.017

Sex (male/female) 4/20 10/16 0.081 7/18 7/18 1

Skeletal muscle mass (cm2/m2) 34.2 ± 6.0 45.9 ± 10.1 <0.001 38.6 ± 9.1 42.0 ± 5.8 0.014

Body mass index (kg/m2) 22.5 ± 7.4 24.6 ± 4.0 0.014 20.5 ± 3.3 23.7 ± 2.9 <0.001

Visceral fat amount (cm2) 78.5 ± 58.5 110.5 ± 56.3 0.062 44.0 ± 27.3 143.6 ± 37.3 <0.001

Albumin (g/dl) 4.3 ± 0.3 4.1 ± 0.4 0.87 4.0 ± 0.4 4.0 ± 0.6 0.97

Total bilirubin (mg/dl) 0.9 ± 0.4 0.7 ± 0.2 0.73 0.8 ± 0.2 0.9 ± 0.4 0.39

Platelet count (×104/μl) 18.2 ± 6.9 19.1 ± 6.7 0.28 16.4 ± 5.9 16.8 ± 6.0 0.45

ICGR15 (%) 10.9 ± 7.3 11.7 ± 9.1 0.84 13.8 ± 6.9 14.4 ± 10.2 0.9

Viral infection (HBV/HCV/nonBnonC) 14/24/0 14/18/8 0.027 14/20/6 14/22/2 0.45

Preoperative therapy (present/absent) 10/14 7/19 0.27 10/15 7/18 0.3

Tumor size (cm) 6.6 ± 3.7 6.4 ± 4.2 0.24 5.3 ± 2.8 6.3 ± 3.6 0.29

Number of tumors 2.1 ± 2.2 3.7 ± 1.2 0.53 1.9 ± 1.3 1.9 ± 1.0 0.56

Transfusion 1 (4.2 %) 0 0.235 0 1 (4 %) 0.235

Operative time (min) 417 ± 101 444 ± 109 0.71 422 ± 77 436 ± 97 0.64

Blood loss (ml) 968 ± 2425 437 ± 333 0.048 501 ± 470 431 ± 328 0.47

Morbidity 12 (50 %) 6 (23 %) 0.046 11 (44 %) 7 (28 %) 0.31

Liver-related morbidity 6 (25 %) 1 (3.8 %) 0.025 4 (16 %) 3 (12 %) 0.64

Mortality 6 (25 %) 0 0.0018 3 (12 %) 3 (12 %) 1
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in patients with gastric and colon cancer [38, 39]. In con-
trast, BMI and visceral fat amount did not correlate with 
postoperative complications after pancreaticoduodenec-
tomy for pancreatic adenocarcinoma [40]. Moreover, 
obesity was not a risk factor for postoperative complica-
tions or mortality in patients after hepatic resection [25, 
41]. In the present study, however, there were significant 
correlations between total skeletal muscle and visceral 
fat amount; the presence of high visceral fat amount did 
not have an effect on surgical outcomes, except for opera-
tion time, after major hepatectomy. We think that this 
is because Japanese have less visceral fat than Western 
people.

The limitations of this study are that it is a retrospective 
study. A further prospective study is required to confirm 
our results.

In conclusion, sarcopenia was a risk factor for mortality 
after major hepatectomy. In elderly patients aged more than 
70 years, sarcopenia was a powerful and useful indicator 
of postoperative complications, including morbidity, liver-
related morbidity, and mortality, after major hepatectomy. 
In contrast, the amount of visceral fat did not affect any 
surgical outcomes except for operation time.
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