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IMPORTANCE Previous retrospective studies have shown that sarcopenia substantially alters
the postoperative and oncological outcomes after liver resection for malignant tumors.
However, the evidence is limited to small retrospective studies with heterogeneous results
and the lack of standardized measurements of sarcopenia.

OBJECTIVE To investigate the role of sarcopenia as a risk factor associated with 90-day
morbidity after liver resection for malignant tumors.

DESIGN, SETTING, AND PARTICIPANTS This cohort study included 234 consecutive patients
undergoing liver resection for malignant tumors at San Camillo Forlanini Hospital, Rome, Italy,
between June 1, 2018, and December 15, 2019. Muscle mass and strength were assessed
using the skeletal muscle index (SMI) on preoperative computed tomographic scans and the
handgrip strength test, respectively. Patients were then divided into the following 4 groups:
group A (normal muscle mass and strength), group B (reduced muscle strength), group C
(reduced muscle mass), and group D (reduced muscle mass and strength).

MAIN OUTCOMES AND MEASURES The primary outcome of the study was 90-day morbidity.
The following secondary outcomes were investigated: 90-day mortality, hospital stay,
and readmission rate.

RESULTS Sixty-four major and 170 minor hepatectomies were performed in 234 patients
(median age, 66.50 [interquartile range, 58.00-74.25] years; 158 men [67.5%]).
The median SMI of the entire population was 46.22 (interquartile range, 38.60-58.20)
cm/m2. The median handgrip strength was 30.80 (interquartile range, 22.30-36.90) kg.
Patients in group D had a statistically significantly higher rate of 90-day morbidity than
patients in the other groups (51.5% [35 of 68] vs 38.7% [29 of 75] in group C, 23.1% [3 of 13]
in group B, and 6.4% [5 of 78] in group A; P < .001). Compared with patients in the other
groups, those in group D had a longer hospital stay (10 days vs 8 days in group C, 9 days in
group B, and 6 days in group A; P < .001), and more patients in this group were readmitted to
the hospital (8.8% [6 of 68] vs 5.3% [4 of 75] in group C, 7.7% [1 of 13] in group B, and 0%
[0 of 78] in group A; P = .02). Sarcopenia, portal hypertension, liver cirrhosis, and biliary
reconstruction were independent risk factors associated with 90-day morbidity.

CONCLUSIONS AND RELEVANCE Sarcopenia appears to be associated with adverse outcomes
after liver resection for malignant tumors. Both muscle mass measurements on computed
tomographic scans and muscle strength assessments with the handgrip strength test should
be performed at the first clinical encounter to better classify patients and to minimize the risk
of morbidity.
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S urgical treatment with negative margins is the founda-
tion for most gastrointestinal malignant tumors be-
cause it offers long-term survival compared with locore-

gional or systemic therapies.1-3 In addition, abdominal surgery
is associated with both postoperative mortality and morbid-
ity depending on the condition of the patient and the type of
intervention. Despite substantial improvements in periopera-
tive management and surgical techniques, hepatobiliary sur-
gery carries a high risk of morbidity and mortality, reaching
rates of 20% to 50% as reported in the literature.4-6 Liver re-
sections are considered major surgical procedures, fre-
quently involving a large incision, extensive mobilization, long
operative time, bleeding risk, and a delicate postoperative
course. Furthermore, patients with malignant tumors often
have impaired liver function because of cirrhosis, neoadju-
vant chemotherapy, and cholestasis, increasing the chance of
unexpected postoperative events.7,8 Therefore, it is neces-
sary to accurately select patients scheduled for liver surgery
to provide the best oncological treatment while minimizing the
risk of morbidity.

Age, performance status, comorbidities, and body mass in-
dex (BMI) are well-known patient-related variables that sub-
stantially alter morbidity rates after liver surgery; however, vari-
ables with the potential to better estimate short-term outcomes
after major hepatobiliary surgery have been described.9,10 Sar-
copenia is the degenerative loss of muscle mass, strength, and
function, and its prevalence among patients undergoing sur-
gery for gastrointestinal cancer ranges between 30% and 74%.11

It has been associated with worse short-term and long-term
outcomes after liver transplantation and after surgery across
a wide range of cancers, such as colorectal, gastric, esopha-
geal, pancreatic, and liver.11,12 It has been suggested that the
presence of sarcopenia may better predict outcomes of liver
surgery compared with the American Society of Anesthesi-
ologists score, performance status, and BMI.13-19 Previous
studies10,13,15,20 have highlighted that impaired muscle mass
substantially alters the postoperative and oncological out-
comes after surgery for hepatocellular carcinoma and colo-
rectal liver metastases.

Although it has been previously reported that sarcopenia
substantially alters oncological outcomes after liver resec-
tion for malignant tumors, the available small studies11,13 are
limited by heterogeneity of results, a retrospective design, and
the lack of standardized measurements of sarcopenia, thus re-
stricting applicability in current clinical practice. Because of
a lack of high-quality evidence, the objective of this prospec-
tive cohort study was to investigate the role of sarcopenia as
a risk factor associated with outcomes after liver resection for
malignant tumors.

Methods
Between June 1, 2018, and December 15, 2019, all consecu-
tive patients undergoing liver resection for malignant tumors
at San Camillo Forlanini Hospital, Rome, Italy, were prospec-
tively enrolled in this study. Patient demographics, disease pre-
sentation, type of surgical approach and type of resection per-

formed, intraoperative data (Pringle maneuver, blood loss,
blood transfusions, and operative time), and postoperative out-
comes (90-day mortality, 90-day morbidity, and hospital stay)
were prospectively recorded. The following patients were ex-
cluded: (1) those with benign lesions, (2) those undergoing ex-
ploratory laparotomy or laparoscopy without liver resection,
(3) those undergoing extrahepatic resection, and (4) those with
no preoperative computed tomographic (CT) scan.

The primary outcome of this prospective cohort study was
90-day morbidity. As secondary outcomes, 90-day mortality,
hospital stay, and readmission rate were investigated. This
study followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline.

The trial protocol (Supplement 1) conforms to the ethical
guidelines of the Declaration of Helsinki35 and was approved
by the local institutional review board (Comitato Etico Lazio
1 Azienda Ospedaliera San Camillo Forlanini, Rome, Italy). Ev-
ery case was discussed in a multidisciplinary setting, and writ-
ten informed consent was obtained from each patient.

Sarcopenia and Biometric Parameters
In addition to the demographic characteristics, further bio-
metric parameters were measured for each patient. Muscle
mass was measured and calculated at the level of the third lum-
bar vertebra on the most recent CT scan (a maximum of 1 month
from the date of the images and the date of surgery). At this
level, skeletal muscles were identified and quantified by a
Hounsfield unit interval of −29 to +150; measurements were
calibrated with water and air at fixed intervals, excluding both
vasculature and fatty infiltration. Cross-sectional areas (in cen-
timeters squared) of skeletal muscles were measured by
manual outlining on the CT images (Figure 1) and normalized
for height to obtain the skeletal muscle index (SMI). SliceO-
matic software, version 5.0 (TomoVision) was used for calcu-
lations, and 2 of us (G.B. and G.A.) independently scored each
patient in a blinded fashion to obtain a mean SMI. A receiver
operating characteristic curve using morbidity as a marker of
sensitivity and specificity was used to identify the threshold
for reduced muscle mass in the study population. Visceral adi-
pose tissue was also assessed by manual outlining on the Sli-
ceOmatic software using a Hounsfield unit interval of −150 to
−50. As a further quantitative analysis, tricipital skinfold and
subscapular skinfold were measured at hospital admission
using a skinfold caliper.21,22

Key Points
Question Does sarcopenia alter the postoperative outcomes of
patients undergoing liver resection for malignant tumors?

Findings In this cohort study of 234 patients, sarcopenia was
associated with a higher rate of 90-day morbidity, a longer
hospital stay, and a higher readmission rate. Furthermore,
sarcopenia was an independent risk factor associated with 90-day
morbidity.

Meaning Muscle mass and strength should be assessed before
liver resection for malignant tumors to identify patients with
sarcopenia to minimize the risk of morbidity.
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To evaluate muscle strength, the handgrip strength test was
performed in all patients the day before surgery using a
dynamometer.23 Two measurements were taken from each
hand, and the average of 4 values (in kilograms) was ob-
tained. A cutoff of less than 30 kg for men and less than 20 kg
for women was used to define patients with reduced muscle
strength as reported elsewhere.24 In a further analysis, the gait
speed test was performed (in meters per second) using a 10-m
straight path.25

Patients were then divided into 4 groups based on the pres-
ence of sarcopenia using the SMI and results of the handgrip
strength test. Group A had normal muscle mass and strength,
group B had reduced muscle strength, group C had reduced
muscle mass, and group D had reduced muscle mass and
strength.

Definitions
Sarcopenia was defined by reduced muscle mass and strength
as recommended recently by the European Working Group on
Sarcopenia in Older People (EWGSOP).26 Portal hypertension
was defined by the radiological presence of substantial sple-
nomegaly, umbilical vein recanalization or portosystemic
shunt, or preoperative platelet count less than 100 × 103/μL (to
convert platelet count to ×109 per liter, multiply by 1.0).27 If
the hepatic venous pressure gradient was available, a cutoff
of 10 mm Hg was considered clinically significant portal
hypertension.28 Patient comorbidities were graded using the
Charlson Comorbidity Index score.29 Major liver resections
were considered the resection of 3 or more segments.

Morbidity was graded according to the Clavien-Dindo
classification30 and the comprehensive complication index.31

Postoperative ascites was considered a drainage output ex-
ceeding 10 mL/kg of preoperative body weight in 24 hours.32

Posthepatectomy liver failure and bile leakage were assessed
according to definitions by the International Study Group of
Liver Surgery.33,34

Perioperative Management of Patients
All patients with liver tumors referred to us are discussed in a
multidisciplinary meeting involving hepatobiliary surgeons,
hepatologists, medical oncologists, radiologists, and patholo-
gists. Before surgery, comorbidities, liver function, bleeding,
and thrombotic risk are assessed and managed accordingly. For
major hepatectomies, CT scan volumetry is performed to as-
sess the future liver remnant in an effort to estimate the risk
of posthepatectomy liver failure. The future liver remnant vol-
ume percentage is calculated by dividing the future liver rem-
nant volume (in milliliters) by the total functional liver vol-
ume. A cutoff of 20% for normal livers and a cutoff of 30% to
40% for postchemotherapy and cirrhotic livers are consid-
ered safe hepatectomies. All surgical procedures are per-
formed under standard general anesthesia with invasive ar-
terial and central venous pressure monitoring. During
resection, fluid transfusion is restricted to obtain a central ve-
nous pressure of less than 5 mm Hg. Fluids are then restored
at the end of the parenchymal transection. For both open and
laparoscopic procedures, we apply a standardized fast-track
protocol, including removal of the central line, nasogastric tube,
and urinary catheter on postoperative day (POD) 1; early mo-
bilization (POD 1); gradual diet advancement (full diet on POD
3-4); step-down switch to oral analgesia (POD 3); and early re-
moval of drains (POD 3-4). Complete blood testing is per-
formed on POD 1, 3, and 5. Patients are discharged home when
adequate mobilization, toleration of a solid diet, and pain con-
trol with oral medication are achieved.

Statistical Analysis
The distribution of variables was assessed using the Kol-
mogorov-Smirnov test and the Shapiro-Wilk test. Data are ex-
pressed as the mean (SD) for parametric continuous variables
and as the median (interquartile range [IQR]) for nonparamet-
ric distribution of data. Categorical data are expressed as a num-
ber (percentage).

Figure 1. Computed Tomographic Scans Showing Areas of Visceral Adipose Tissue and Skeletal Muscle Mass in Patients
Without Sarcopenia and Patients With Sarcopenia

Patients with sarcopeniaBPatients without sarcopeniaA

A and B, Yellow indicates visceral adipose tissue, and red indicates skeletal muscle mass.
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The χ2 test or Fisher exact test with Yates correction was
used to compare differences in categorical variables when
appropriate. Analysis of variance was used to compare con-
tinuous parametric variables, and the Kruskal-Wallis test
was used for continuous nonparametric variables. Post hoc
analysis was performed using Bonferroni adjustment in the
case of statistically significant differences observed among
multiple groups.

To estimate the probability of morbidity, multivariable lo-
gistic regression was performed that included statistically sig-
nificant risk factors in the univariable analysis. Model selec-
tion was performed according to the lowest Akaike information
criterion and bayesian information criterion. Statistical analy-
sis was performed using SPSS software, version 20.0 (IBM Corp)
for MacOSX. Two-sided P < .05 was considered statistically sig-
nificant.

Results
In total, 288 patients were assessed for eligibility during the
study period (Figure 2). Excluded were 28 patients with
benign liver lesions and 2 with extrahepatic tumor spread. In
addition, 7 patients were excluded because no preoperative
CT scan was available, 8 patients because surgery was can-
celed after exploratory laparoscopy, and 9 patients because
extrahepatic resection was carried out. In total, 234 patients
underwent 64 major (27.4%) and 170 minor (72.6%) hepatec-
tomies (median age, 66.50 [IQR, 58.00-74.25] years; 158
men [67.5%] and 76 women [32.5%]). The median BMI (cal-
culated as weight in kilograms divided by height in meters
squared) was 27.12 (IQR, 23.28-29.55), and the most com-
mon indication for surgery was hepatocellular carcinoma
(101 [43.2%]) followed by colorectal liver metastases (96
[41.0%]). In total, 163 patients (69.7%) had comorbidities, 89
patients (38.0%) had liver cirrhosis, and 88 patients (37.6%)

received a median of 8 (IQR, 6-11) cycles of neoadjuvant che-
motherapy. At 90 days after hepatectomy, 5 of 234 patients
(2.1%) had died, and 72 of 234 patients (30.8%) developed
postoperative 90-day morbidity. The rate of major morbidity
was 7.7% (18 of 234).

Subgroup Analysis According to the Presence of Sarcopenia
The median SMI of the entire population was 46.22 (IQR, 38.60-
58.20) cm/m2. Based on the receiver operating characteristic
curve analysis, the thresholds for defining patients with re-
duced muscle mass were 53.5 cm/m2 for men and 40.8 cm/m2

for women. The median handgrip strength of the entire popu-
lation was 30.80 (IQR, 22.30-36.90) kg, with 39 of 158 men
(24.7%) performing less than 30 kg and 41 of 76 women (53.9%)
performing less than 20 kg. Based on the SMI and the hand-
grip strength test, patients were divided into the 4 groups
(Table 1). Patients with reduced muscle mass and strength
(group D) had a statistically significantly lower median SMI
compared with patients in the other groups (37.14 [IQR, 33.06-
42.47] vs 43.77 [IQR, 38.12-48.16] cm/m2 in group C, 57.07 [IQR,
52.51-59.46] cm/m2 in group B, and 60.00 [IQR, 56.92-
60.00] cm/m2 in group A; P < .001), decreased visceral adi-
pose tissue (93.15 [IQR, 44.00-154.20] vs 170.60 [IQR, 89.30-
229.55] cm2 in group C, 198.50 [IQR, 19.60-270.60] cm2 in
group B, and 269.50 [IQR, 164.52-323.90] cm2 in group A;
P < .001), and weaker handgrip strength (19.20 [IQR, 18.20-
22.40] vs 35.40 [IQR, 31.00-38.70] kg in group C, 27.30 [IQR,
18.95-29.10] kg in group B, and 34.00 [IQR, 30.00-39.77] kg
in group A; P < .001) (Figure 3). No differences in BMI, tricipi-
tal skinfold, subscapular skinfold, and gait speed were ob-
served among the groups.

Regarding postoperative results, patients with reduced
muscle mass and strength (group D) had a statistically signifi-
cantly higher rate of 90-day morbidity compared with pa-
tients in the other groups (51.5% [35 of 68] in group D vs 38.7%
[29 of 75] in group C, 23.1% [3 of 13] in group B, and 6.4% [5 of
78] in group A; P < .001) and a higher median comprehensive
complication index (60.45 [IQR, 20.90-82.00] vs 20.90 [IQR,
20.90-20.90] in group C, 20.90 [IQR, 20.90-33.75] in group B,
and 2.90 [IQR, 2.90-2.90] in group A; P = .02) (Table 2). Al-
though not statistically significant, the rate of major morbid-
ity (Clavien-Dindo classification III-IV) was also higher in group
D than in the other groups (17.6% [12 of 68] in group D vs 6.7%
[5 of 75] in group C, 0% [0 of 13] in group B, and 1.3% [1 of 78]
in group A; P = .30). In addition, the median hospital stay was
longer in group D (10 [IQR, 7.00-15.00] days in group D vs 8
[IQR, 5.00-8.00] days in group C, 9 [IQR, 6.00-9.00] days in
group B, and 6 [IQR, 5.00-7.50] days in group A; P < .001), and
more patients in group D were readmitted to the hospital af-
ter discharge (8.8% [6 of 68] in group D vs 5.3% [4 of 75] in
group C, 7.7% [1 of 13] in group B, and 0% [0 of 78] in group A;
P = .02).

Risk Factors Associated With Morbidity
According to the results of the multivariable logistic regres-
sion, the following factors were statistically significantly as-
sociated with an increased risk of postoperative 90-day mor-
bidity in the univariable analysis: American Society of

Figure 2. CONSORT Diagram of Patient Inclusion

288 Assessed for eligibility

37 Excluded
28
7
2

Benign liver lesions
No preoperative CT scan
Extrahepatic disease

251 Enrolled

17 Excluded
8
9

Exploratory laparoscopy
Extrahepatic resection

234 Followed up

234 Analyzed

CT indicates computed tomographic.
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Table 1. Baseline Characteristics of Patients According to Muscle Mass and Muscle Strength

Variable

Median (IQR)

P valueTotal (N = 234)

Group A: normal
muscle mass and
strength (n = 78)

Group B: reduced
muscle strength
(n = 13)

Group C: reduced
muscle mass
(n = 75)

Group D: reduced
muscle mass and
strength (n = 68)

Age, y 66.50
(58.00-74.25)

68.00
(59.75-74.00)

66.00
(60.00-73.50)

66.00
(60.00-74.00)

68.00 (54.50-75.00) .90

Sex, No.

Female 76 22 3 14 37
<.001

Male 158 56 10 61 31

ASA score 2.00 (2.00-2.00) 2.00 (2.00-2.00) 2.00 (2.00-2.00) 2.00 (2.00-2.00) 2.00 (2.00-2.00) .84

Performance statusa 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) .09

Comorbidities, No. (%) 163 (69.7) 56 (71.8) 9 (69.2) 57 (76.0) 41 (60.3) .22

Charlson Comorbidity Index score 4.00 (3.00-6.00) 5.00 (3.00-6.00) 3.00 (3.00-5.50) 5.00 (3.00-6.00) 3.00 (2.00-5.00) .42

BMI 27.12
(23.28-29.55)

27.10
(22.26-30.32)

28.10
(22.70-31.75)

26.34
(25.62-29.70)

25.06 (23.40-31.18) .11

Skeletal muscle index, cm/m2 46.22
(38.60-58.20)

60.00
(56.92-60.00)

57.07
(52.51-59.46)

43.77
(38.12-48.16)

37.14 (33.06-42.47) <.001

Visceral adipose tissue, cm2 150.90
(71.37-224.17)

269.50
(164.52-323.90)

198.50
(19.60-270.60)

170.60
(89.30-229.55)

93.15
(44.00-154.20)

<.001

Tricipital skinfold, mm 16.00
(11.00-22.00)

16.00
(10.00-23.00)

15.00
(13.00-21.50)

15.00
(12.00-20.00)

16.00 (12.00-24.50) .78

Subscapular skinfold, mm 17.00
(12.00-21.00)

17.00
(17.00-22.00)

17.00
(15.00-21.50)

18.00
(12.00-21.00)

15.50 (10.00-21.00) .44

Handgrip strength, kg 30.80
(22.30-36.90)

34.00
(30.00-39.77)

27.30
(18.95-29.10)

35.40
(31.00-38.70)

19.20 (18.20-22.40) <.001

Gait speed, m/s 1.00 (0.97-1.20) 1.09 (1.00-1.20) 1.09 (1.00-1.18) 1.00 (0.90-1.12) 1.00 (0.90-1.10) .07

Cause, No. (%)

Hepatocellular carcinoma 101 (43.2) 38 (48.7) 7 (53.8) 36 (48.0) 20 (29.4)

.008

Colorectal liver metastases 96 (41.0) 34 (43.6) 1 (7.7) 29 (38.7) 32 (47.1)

Cholangiocarcinoma 30 (12.8) 3 (3.8) 4 (30.8) 9 (12.0) 14 (20.6)

Gallbladder cancer 4 (1.7) 2 (2.6) 1 (7.7) 1 (1.3) 0

Noncolorectal liver metastases 3 (1.3) 1 (1.3) 0 0 2 (2.9)

Portal hypertension, No. (%) 23 (9.8) 5 (6.4) 2 (15.4) 9 (12.0) 7 (10.3) .23

Liver cirrhosis, No. (%) 89 (38.0) 25 (32.1) 7 (53.8) 33 (44.0) 24 (35.3) .27

Child-Pugh score, No. (%)

A 79 (33.8) 22 (28.2) 7 (53.8) 28 (37.3) 22 (32.4)
.42

B 4 (1.7) 2 (2.6) 0 2 (2.7) 0

MELD score 8.00 (7.00-9.00) 8.00 (7.00-9.00) 8.00 (6.50-9.00) 8.00 (7.00-8.75) 8.00 (5.50-9.00) .88

Neoadjuvant chemotherapy, No. (%) 88 (37.6) 31 (39.7) 5 (38.5) 23 (30.7) 29 (42.6) .48

Preoperative hemoglobin, g/dL 13.00
(12.00-14.20)

12.90
(12.00-14.00)

15.00
(12.70-15.50)

13.50
(12.00-14.70)

12.25 (10.52-13.50) .001

Preoperative creatinine, mg/dL 0.90 (0.80-1.00) 0.90 (0.80-1.00) 1.10 (0.90-1.25) 0.80 (0.80-1.00) 0.89 (0.70-1.00) .009

Preoperative albumin, g/dL 4.10 (3.70-4.10) 3.90 (3.40-4.23) 4.30 (4.10-4.50) 4.10 (3.70-4.40) 4.37 (3.92-4.65) .04

Preoperative AST level, U/L 30.00
(23.00-50.00)

33.50
(23.75-51.00)

34.00
(30.00-69.00)

29.50
(23.00-56.00)

26.00 (21.50-35.00) .62

Preoperative ALT level, U/L 28.00
(19.00-45.25)

31.50
(19.00-42.00)

36.00
(26.50-72.00)

28.00
(18.75-55.25)

39.65 (25.59-53.71) .12

Preoperative GGT level, U/L 53.00
(26.50-154.00)

50.00
(25.00-123.00)

131.00
(47.00-248.50)

50.00
(27.75-149.00)

24.00 (17.00-38.00) .07

Preoperative bilirubin level, mg/dL 0.90 (0.60-1.10) 0.95 (0.60-1.17) 1.00 (0.90-1.10) 0.80 (0.60-1.20) 0.60 (0.50-0.90) .57

Preoperative INR 1.10 (1.02-1.18) 1.10 (1.00-1.20) 1.10 (1.02-1.17) 1.08 (1.03-1.15) 1.10 (1.01-1.17) .65

Preoperative platelet count, ×103/μL 188 (134-248) 184 (123-244) 153 (122-211) 177 (132-243) 205 (160-276) .02

Lesion size, mm 35.00
(25.00-60.00)

30.00
(20.00-60.00)

41.00
(24.25-60.00)

31.50
(26.75-47.00)

46.00 (30.00-67.50) .04

No. of lesions 1.00 (1.00-2.00) 1.00 (1.00-3.00) 1.00 (1.00-1.00) 1.00 (1.00-2.00) 1.00 (100-2.00) .15

Abbreviations: ALT, alanine aminotransferase; ASA, American Society of
Anesthesiologists; AST, aspartate aminotransferase; BMI, body mass index
(calculated as weight in kilograms divided by height in meters squared);
GGT, γ-glutamyltransferase; INR, international normalized ratio;
IQR, interquartile range; MELD, model for end-stage liver disease.

SI conversion factors: To convert albumin level to grams per liter, multiply by 10;

ALT level to microkatals per liter, multiply by 0.0167; AST level to microkatals
per liter, multiply by 0.0167; bilirubin level to micromoles per liter, multiply by
17.104; creatinine level to micromoles per liter, multiply by 88.4; GGT level to
microkatals per liter, multiply by 0.0167; hemoglobin level to grams per liter,
multiply by 10.0; and platelet count to ×109/L, multiply by 1.0.
a Eastern Cooperative Oncology Group score (range, 1 [low] to 100 [high]).
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Anesthesiologists score, SMI, handgrip strength, sarcopenia,
liver cirrhosis, preoperative portal hypertension, open sur-
gery approach, major hepatectomy, biliary reconstruction,
blood loss, operative time, and creatinine level (eTable in
Supplement 2). In the multivariable analysis, sarcopenia (haz-
ard ratio, 3.92; 95% CI, 1.96-7.80; P < .001), liver cirrhosis (haz-
ard ratio, 3.63; 95% CI, 1.44-9.15; P = .006), portal hyperten-
sion (hazard ratio, 5.88; 95% CI, 1.83-18.89; P = .003), and
biliary reconstruction (hazard ratio, 6.00; 95% CI, 1.60-
22.43; P = .008) were independent risk factors associated with
90-day morbidity. Among 89 patients with liver cirrhosis
(38.0%), those with reduced muscle mass and strength (group
D) had a statistically significantly higher rate of postopera-
tive 90-day morbidity (87.5% [21 of 24] in group D vs 72.7%
[24 of 33] in group C, 28.6% [2 of 7] in group B, and 4.0% [1 of
25] in group A; P < .001).

Discussion

To our knowledge, this study is the first prospective cohort study
reporting that patients with sarcopenia are at higher risk of de-
veloping postoperative 90-day morbidity after liver resection for
malignant tumors. Patients with cancer are frequently older in-
dividuals with comorbidities, cachexia, and limited functional
reserve.Furthermore, inthecaseofmalignanttumorsoftheliver,
patients frequently have signs of concomitant liver cirrhosis and
may have undergone neoadjuvant chemotherapy. Almost 70%
of patients in our study had comorbidities, 38.0% had liver cir-
rhosis,and37.6%werereferredafterneoadjuvantchemotherapy.
Therefore, alterations in general and liver-specific function in-
creased surgical risk.

Liver resections are complex procedures burdened by
the risk of postoperative morbidity. In our consecutive series
of patients, the overall 90-day mortality and morbidity rates
were 2.1% and 30.8%, respectively, in line with the available
literature4-6 but still an issue to consider in hepatobiliary
surgery. In this study, we observed that patients without sar-
copenia had statistically significantly better outcomes than
patients with sarcopenia. Because surgical morbidity is asso-
ciated with longer hospitalizations and higher medical costs,
it is important to identify patients undergoing hepatic resec-
tion who are at high risk for postoperative morbidity.15

Because many risk factors are not modifiable (eg, age,
comorbidities, and type of surgery), our focus should be on
factors that could be modified or ameliorated before surgery.
The presence of sarcopenia is of great interest because it is
associated with worse outcomes and may be addressed
before surgery. In fact, numerous studies36-42 have focused
on treating sarcopenia and the associated metabolic imbal-
ances before surgery.

Published data also suggest that exercise and dietary supple-
mentation might substantially improve muscle mass in patients
with cancer (specifically, 30-40 minutes of exercise 3-4 times a
week or 2000 extra steps daily, with the addition of late evening
snackscontainingbranched-chainaminoacids,forapproximately
3 months).20,36,37 Such intervention seems promising because
it could substantially alter both short-term and long-term out-
comes after cancer surgery. However, delaying surgical interven-
tion in patients with cancer may worsen prognosis and result in
tumor progression. Among patients in whom surgery is sched-
uled after neoadjuvant chemotherapy (eg, for colorectal liver me-
tastases or cholangiocarcinoma) or after locoregional treatment
(eg, for hepatocellular carcinoma), exercise and dietary supple-
mentation might be implemented before surgery. However, neo-
adjuvant chemotherapy is also associated with muscle mass loss
and worsening body composition in patients with colorectal liver
metastases.38

Recently, the EWGSOP recommended that the definition
of sarcopenia should be multidimensional, reflecting both
muscle mass and muscle strength.26 Although quantifying sar-
copenia on a single CT scan slice is the most widely adopted
method, this approach does not consider appendicular muscle
mass or muscle strength. Mass is only 1 of the elements com-
prising sarcopenia: muscles might have reduced mass but may

Figure 3. Skeletal Muscle Index, Handgrip Strength Test, Visceral
Adipose Tissue, and BMI According to Muscle Mass and Muscle Strength
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A-D, The median (interquartile range) is shown. Group A is normal muscle mass
and strength, group B is reduced muscle strength, group C is reduced muscle
mass, and group D is reduced muscle mass and strength. BMI indicates body
mass index (calculated as weight in kilograms divided by height in meters
squared).
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maintain substantial strength (and vice versa). Moreover, pre-
operative muscle weakness has been previously described as
an important risk factor for adverse outcomes after surgery.39,40

Following the EWGSOP criteria,26 we assessed muscle
mass, handgrip strength, and gait speed for each of our pa-
tients prospectively to better characterize sarcopenia in this
study. There was limited variability in gait speed among our
cohort, and patients with sarcopenia often had normal gait
speed. Therefore, the gait speed test has low positive predic-
tive value. In contrast, performance on the handgrip strength
test was associated with all-cause mortality in a large study41

and showed high accuracy in identifying patients with re-
duced muscle mass and estimating morbidity after surgery in
our cohort. Subdividing patients according to the EWGSOP defi-
nition of sarcopenia,26 those with sarcopenia defined by both
muscle mass and muscle strength had worse outcomes than
those with sarcopenia defined by 1 measurement. Patients with
sarcopenia in our study had a 3.92 times increased risk of de-
veloping postoperative morbidity compared with patients with-
out sarcopenia. Therefore, obtaining both muscle mass and
muscle strength measurements enhances our ability to iden-
tify and classify patients with sarcopenia before surgery.

Muscle strength was easily and inexpensively measured
herein using the handgrip strength test with a simple dynamom-
eter. In this setting, tests investigating muscle function, includ-
ing the handgrip strength test, the gait speed test, and the chair-
stand test, are assessing limited muscle groups, mainly the ap-
pendicular systems, and their use may result in measurement
variability and error. We do not recommend their use alone in di-

agnosing sarcopenia. In contrast, the SMI is a standardized
method. It allows evaluation of the composition of core muscles
and abdominal fat, resulting in a value that is normalized for
height based on a validated method43 with little probability of
misinterpretation. Using the SMI, muscle mass and muscle
strength are complementary to obtain a precise and thorough di-
agnosis of sarcopenia. However, because advanced software (Sli-
ceOmatic,version5.0;TomoVision)usedtoidentifypatientswith
reduced muscle mass is not available in every institution, the
handgrip strength test could still be an effective tool to obtain a
diagnosis of probable sarcopenia. Only 3 studies to date (2 on gas-
tric cancer44,45 and 1 on colorectal cancer46) have tested the
EWGSOP definition of sarcopenia.26 All 3 studies suggested an
association of sarcopenia with postoperative outcomes, which
was supported in our prospective study of liver resection for ma-
lignant tumors.

The incidence of sarcopenia varies among studies depend-
ing on the populations investigated and cutoff values used. Some
researchers have recommended use of the original EWGSOP defi-
nition of sarcopenia26 (SMI <38.5 cm/m2 for women and <52.4
cm/m2 for men), as proposed by Prado et al.42 However, use of
these cutoff levels may be limited because differences in races/
ethnicities and populations may alter the classification of pa-
tients. Studies using predefined cutoff levels had an incidence
of sarcopenia of approximately 53%, whereas studies using
population-tailored cutoffs had an incidence of 35%.11

In our study, we identified a population-specific SMI thresh-
old of 53.5 cm/m2 for men and 40.8 cm/m2 for women to define
patients with reduced muscle mass. These cutoffs are similar to

Table 2. Perioperative Results of Patients According to Muscle Mass and Muscle Strength

Variable

No. (%)

P valueTotal (N = 234)

Group A: normal
muscle mass and
strength (n = 78)

Group B: reduced
muscle strength
(n = 13)

Group C: reduced
muscle mass (n = 75)

Group D: reduced
muscle mass and
strength (n = 68)

Surgical approach

Open 182 (77.8) 57 (73.1) 10 (76.9) 55 (73.3) 60 (88.2)
.10

Laparoscopic 52 (22.2) 21 (26.9) 3 (23.1) 20 (26.7) 8 (11.8)

Type of hepatectomy

Major 64 (27.4) 19 (24.4) 4 (30.8) 19 (25.3) 22 (32.4)
.69

Minor 170 (72.6) 59 (75.6) 9 (69.2) 56 (74.7) 46 (67.6)

Biliary reconstruction 14 (6.0) 4 (5.1) 1 (7.7) 4 (5.3) 5 (7.4) .92

Pringle maneuver 44 (18.8) 20 (25.6) 2 (15.4) 11 (14.7) 11 (16.2) .30

Blood loss, median (IQR), cm3 150.00
(100.00-250.00)

12.00
(5.00-20.00)

200.00
(150.00-400.00)

100.00
(87.50-200.00)

180.00
(100.00-300.00)

.09

Blood transfusions 5 (2.1) 1 (1.3) 0 0 4 (5.9) .08

Operative time, min 180.00
(150.00-240.00)

18.00
(14.00-236.00)

200.00
(170.00-255.00)

180.00
(137.50-217.50)

220.00
(178.00-280.00)

.92

90-d Mortality 5 (2.1) 1 (1.3) 1 (7.7) 0 3 (4.4) .13

90-d Morbidity 72 (30.8) 5 (6.4) 3 (23.1) 29 (38.7) 35 (51.5) <.001a

Clavien-Dindo classification

I-II 54 (23.1) 4 (5.1) 3 (23.1) 24 (32.0) 23 (33.8)
.30

III-V 18 (7.7) 1 (1.3) 0 5 (6.7) 12 (17.6)

Comprehensive complication
index, median (IQR)

20.90
(20.90-33.70)

2.90
(2.90-2.90)

20.90
(20.90-33.75)

20.90
(20.90-20.90)

60.45
(20.90-82.00)

.02

Hospital stay, median (IQR), d 7.00
(5.00-10.00)

6.00
(5.00-7.50)

9.00
(6.00-9.00)

8.00
(5.00-8.00)

10.00
(7.00-15.00)

<.001

Readmission rate 11 (4.7) 0 1 (7.7) 4 (5.3) 6 (8.8) .02

Abbreviation: IQR, interquartile range.
a P = .35 for group A vs group B, P < .001 for group A vs group C, P < .001 for

group A vs group D, P > .99 for group B vs group C, P = .83 for group B vs
group D, and P = .69 for group C vs group D.

Association of Sarcopenia and Body Composition With Outcomes After Liver Resection for Tumors Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery November 2020 Volume 155, Number 11 7/9

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Universita Degli Studi di Roma La Sapienza by Enrica Salone on 03/24/2021

http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2020.3336


those reported in one of the first and most important Western
studies on sarcopenia and cancer cachexia12 and are much higher
than those reported in a recent article by researchers in Japan.20

Therefore, our results align with those reported in previous
studies,11,20 emphasizing the need for population-specific data
to correctly study and predict oncological outcomes and avoid
patient misclassification. Notably, the amount of visceral adipose
tissue decreased in parallel to the SMI in our cohort, whereas BMI
remained comparable among groups. In addition to conventional
patients with cachexia, normal-weight individuals or even over-
weight individuals with cancer were hospitalized at San Camillo
ForlaniniHospitalduringthestudyperiod.Thisfindinghighlights
the importance of biometric calculations based on preoperative
diagnostic images, providing additional important insights and
possibly improving patient selection.

Strengths and Limitations
This investigation is the first prospective cohort study to date
to evaluate the association of sarcopenia with outcomes after
liver resection for malignant tumors. Both muscle mass and
strength measures were gathered prospectively in an effort to
reduce selection bias, which has not been done previously, to
our knowledge. The sample size was assessed a priori and was
reached in 18 months because the study was conducted in a
high-volume center performing more than 250 liver resec-
tions per year. This strength avoids the limitations of previ-

ous retrospective studies11 that evaluated sarcopenia over 10
to 15 years, which may have resulted in selection bias and fail-
ure to control for recent advancements in chemotherapies, sur-
gical techniques, and patient management.

This study has limitations. We included both patients with
liver cirrhosis and patients without liver cirrhosis. Although
these groups were well balanced, different grades of liver cir-
rhosis and varied degrees of portal hypertension might have
introduced selection bias and impacted our outcomes.

Conclusions
Sarcopenia is associated with postoperative results after liver
resection for both primary and secondary hepatic malignant
tumors. When evaluating patients with sarcopenia, our data
from a single center suggest that both muscle mass measure-
ments on preoperative CT scans and muscle strength assess-
ments with the handgrip strength test should be obtained at
the first clinical encounter to better classify patients and to
minimize the risk of morbidity. In addition, the inclusion of
sarcopenia evaluation in routine clinical practice may be ben-
eficial to address patient informed consent and to correct ad-
verse preoperative conditions if possible. Future research is
needed on the observed association between sarcopenia modi-
fication and postoperative outcomes.
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