L))

Check for
updat

Original Articl

A new sarcopenia score prognostic for postoperative
complications in hepatic alveolar echinococcosis: a multicenter
retrospective study

Tao Wang'¥, Xianwei Yang'*, Wanxiang Wang™, Tingyu Chen’, Junjie Kong', Shu Shen', Ying Chen®,
Gengfu Wei’, Dinggang Yu®, Cong Wang’, Minghao Li’, Shaozhen Rui’, Biao Luo'’, Wentao Wang'

'Department of Liver Surgery and Liver Transplantation Center, West China Hospital of Sichuan University, Chengdu, China; “Department of
Hepatobiliary, Pancreatic, and Splenic Surgery, The Affiliated Hospital of Inner Mongolia Medical University, Hohhot, China; *Department of
Radiology, West China Hospital of Sichuan University, Chengdu, China; *Department of Hepatobiliary Surgery I, The People’s Hospital of Ganzi
Tibetan Autonomous Prefecture, Kangding, China; *Department of Hepatobiliary Surgery I, The People’s Hospital of Ganzi Tibetan Autonomous
Prefecture, Kangding, China; *Department of general Surgery, The People’s Hospital of Aba Tibetan and Qiang Autonomous Prefecture, Barkam,
China; "Department of Hepatopancreatobiliary surgery, the Affiliated Hospital of Qinghai University and Qinghai Province Key Laboratory of
Hydatid Disease Research, Qinghai University, Xining, China; *Department of Hepatobiliary Surgery, The General Hospital of Ningxia Medical
University, Yinchuan, China; "Department of General Surgery, The First Hospital of Lanzhou University, Lanzhou, China; '"Department of General
Surgery, Hospital of Chengdu Office, People’s Government of Tibet Autonomous Region, China

Contributions: (I) Conception and design: T Wang, W Wang, W Wang; (II) Administrative support: W Wang, W Wang; (IIT) Provision of study
materials or patients: T Wang, X Yang, T Chen, J Kong, S Shen, Y Chen, G Wei, D Yu, C Wang, M Li, S Rui, B Luo; (IV) Collection and assembly
of data: T Wang, X Yang, T Chen, ] Kong, S Shen, Y Chen, G Wei, D Yu, C Wang, M Li, S Rui, B Luo; (V) Data analysis and interpretation: T
Wang, X Yang, W Wang; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

"These authors contributed equally to this work.

Correspondence to: Wentao Wang. Department of Liver Surgery and Liver Transplantation Center, West China Hospital of Sichuan University, 37
Guoxue Road, Chengdu 610041, China. Email: wwtdoctor02@163.com.

Background: Skeletal muscle depletion and excessive visceral adipose tissue have been shown to be
independent risk factors for postoperative complications (PCs) in various diseases. However, their impact on
surgical PCs in hepatic alveolar echinococcosis (HAE) is still unknown.

Methods: We retrospectively reviewed the clinical data of HAE patients who underwent liver resection at
our hospital between January 2008 and December 2018. We segmented skeletal muscle and adipose tissue
and measured the area of skeletal muscle tissue and adipose tissue at the level of the third lumbar vertebra
by manual tracing from preoperative plain computed tomography (CT) images. Sarcopenia features were
selected to construct a formula based on the least absolute shrinkage and selection operator (LASSO)
logistic regression model in the primary set. Then, integrating the results of multiple clinicopathologic
characteristics, we built a nomogram for predicting major PCs in HAE. The results were validated using
bootstrap resampling and clinical data from other HAE centers in western China.

Results: The sarcopenia score is based on the personalized levels of the five features from the primary
set (n=233). In the multivariate logistic analysis of the primary set, the independent factors for PCs were
y-glutamyl transferase (GGT), and surface area of hepatectomy, which were integrated into the nomogram
combined with sarcopenia score. The model had a good prediction capability with a C-index of 0.84 (95%
CI, 0.72-0.96). The calibration plot for the probability of PCs showed an optimal agreement between the
nomogram predictions and actual observations in the primary and validation sets.

Conclusion: Our study showed that sarcopenia score was significantly correlated with PCs in patients
with HAE. In addition, we constructed a prognostic nomogram for predicting complications in HAE
patients after liver surgery. The nomogram displayed excellent discrimination and calibration. Improving the
nutritional status and physical health of patients before surgery might reduce the incidence of postoperative

complications for the high-risk patients.
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Introduction

Hepatic alveolar echinococcosis (HAE) is a potentially
fatal disease caused by the larval growth of Echinococcus
multilocularis (1,2). HAE, which is also known as “parasitic
cancer”, frequently manifests as an infiltrating growth
similar to that of malignant tumors, leading to the extensive
invasion of multiple intrahepatic structures. For HAE,
radical hepatectomy accompanied by albendazole therapy
is deemed to be the best solution (3). Unfortunately,
due to the insidious onset and slow progression of
HAE, only a few patients are eligible for conventional
radical liver resection, so most patients need to undergo
complicated liver resection, even ex vivo liver resection and
autotransplantation (ERAT) or liver transplantation (LT)
(4-7). The high incidence of postoperative complications
after curative liver resection for HAE remains a major issue
affecting patient quality of life and prognosis.

Malnutrition is considered to be a preoperative risk
factor for adverse postoperative outcomes (8,9). Sarcopenia
is also considered a malnutrition syndrome characterized
by the progressive loss of skeletal muscle mass and
strength and impaired muscular function that is caused
by decreased protein synthesis and disturbed energy
metabolism (10). Preoperative sarcopenia, muscle steatosis
and the accumulation of visceral adipose tissue have
been reported to impact surgical complications in some
diseases (11-18). Several immunotrophic indices have been
considered to be potential predictors of the prognosis of
patients after hepatectomy, such as preoperative albumin
(ALB), albumin globulin ratio (AGR), red blood cell
distribution width (RDW), albumin bilirubin score (ALBI),
prognostic nutritional index (PNI), serum creatinine/serum
cystatin C (Scre/Scys) ratio (19-26). However, the impacts
of the above factors on the postoperative complications
of liver resection in HAE patients remain unknown.
Furthermore, Pascal ez 4/. found that the existing nutritional
screening tools did not show a good prediction ability
of the postoperative complications of liver resection in a
prospective study (9). Therefore, it is necessary to establish
a new nutrition score using other methods to predict
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complications after liver resection for HAE. This study
evaluated the correlation between preoperative skeletal
muscle mass and quality, visceral adiposity obtained by
radiographic measurements and postoperative complications
following liver resection for HAE with data from a large
multicenter database. We developed a nomogram to provide
clinicians with a quantitative means to assess the individual
occurrence of complications after liver resection for HAE
and validated the model using other central data to improve
clinical decision making. We present the following article in
accordance with the TRIPOD reporting checklist (available
at http://dx.doi.org/10.21037/atm-20-1960a).

Methods
Patients

A retrospective study of HAE patients who underwent
curative liver resection between January 2008 and
December 2018 was conducted. The diagnosis of HAE was
confirmed based on pathological tests and morphological
features detected by imaging techniques (27). In addition,
we used the clinical data of consecutive patients from
6 hospitals in hydatid-endemic areas who underwent
liver resection for HAE in 2019 for external validation.
Our selection criteria for patients in this study included
the following: (I) pathological diagnosis and imaging
findings confirmed HAE; (II) The patient underwent the
curative liver resection, which was defined as the complete
removal of all macroscopic nodules with a clear margin
(RO resection); and (III) patients were >18 years. The
exclusion criteria included the following: (I) hepatic cystic
echinococcosis (HCE); (II) patients who had a history of
malignancy; (III) patients who underwent LT or ERAT;
(IV) Patients undergone portal vein embolization two-stage
hepatectomy; (V) lack of plain abdominal CT examination
within 1 month before the operation, poor clinical data
integrity, and (VI) loss to postoperative follow-up within
90 days. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by ethics committee of Sichuan University West
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484 patients of hepatic echinococcosis

confirmed by preoperative imaging and

post-operative pathology in our center from

January 2008 to December 2018

175 patients were excluded as the following reasons:
e Hepatic cystic echinococcosis (n=84)
e History of malignant tumors (n=6)
e Patients younger than 18 years old (n=4)
e Patients undergoing portal vein embolization two-

76 patients were excluded as lost to follow
up less then 90 days

\ 4

\ 4

stage hepatectomy, liver transplantation, ex vivo liver
resection and autotransplantation (ERAT) (n=70)

e | ack of plain abdominal CT examination within 1
month before operation, poor clinical data integrity
(n=11)

A retrospective analysis of related clinical data of 233 patients
who meet the inclusion criteria was performed

\ 4

The validation set (n=54) from 6 hospitals in western China were used to

evaluate the potential of sarcopenia nutrition as a predictor of complications

after liver resection for hepatic alveolar echinococcosis (HAE)

Figure 1 The flowchart of patient selection.

China hospital (2018362) and informed consent was taken
from all the patients.
The flowchart of patient selection is shown in Figure 1.

Data collection and image analysis

The clinicopathological data of patients who underwent
curative liver resection for HAE were retrospectively
collected from patients’ medical records in the hospital and
included demographics, preoperative serum biochemistry
data, background of liver cirrhosis and characteristics
judged by preoperative imaging findings, surgery-related
factors, intraoperative blood transfusion (yes or no), the
PNM staging system, and postoperative complication
outcomes. The liver reserve of all the patients was evaluated
using the ALBI classification (ALBI = log,, bilirubin x
0.66 — 0.085 x albumin) (21). PNI and AGR were used to
assess the nutritional status of the patients. PNI is based
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on the serum ALB concentration and absolute lymphocyte
count, PNI = serum ALB concentration (g/L) + 5 x total
lymphocyte count (x10°/L) (28). AGR is defined as the ratio
between the serum ALB concentration (g/L) and serum
globulin concentration (g/L) (29). Macroscopic vascular
invasion included major hepatic vessel invasion, defined as
the invasion of the first-and second-order branches of the
portal veins or hepatic arteries, or as the invasion of one or
more of the three hepatic veins. According to the cut surface
area of the liver after resection and its relationship with
the hepatic hilum, the patients were divided into the minor
surface area of hepatectomy group and the major surface
area of hepatectomy group (30). Post hepatectomy liver
failure (PHLF) and bile leakage were defined according to
the International Study Group on Liver Surgery (31). The
PNM staging system for HAE was developed by the World
Health Organization (WHO) (32). Postoperative surgical
complications were defined according to the Clavien-Dindo
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classification. Perioperative mortality was defined as patient
death within 90 days of surgery (33).

All consecutive plain abdominal computed tomography
(CT) images obtained within 1 month before surgery with
a 128-row multidetector CT scanner (Somatom Definition
Flash; Siemens Medical Systems, Erlangen, Germany)
were transferred into our computers. Two doctors (Tao
Wang and Xianwei Yang) who had experience in complex
image analysis and segmentation techniques performed the
parameter measurements and analyzed the cross- sectional
non-contrast plain CT images at the level of the third
lumbar vertebra using three-dimensional visualization
software (Mimics Interactive Medical Image Control
System, Version 25.0, Materialize Company, Belgium). We
segmented skeletal muscle and adipose tissue and measured
the area of skeletal muscle tissue and adipose tissue at the
level of the third lumbar vertebra by manually tracing the
preoperative plain CT images. Skeletal muscle areas, which
included the psoas, erector spinae, quadratus lumborum,
transversus abdominis, and external and internal obliques,
were identified and quantified using -29 to 150 Hounsfield
units (HU) (34). Similarly, adipose tissue areas including
subcutaneous adipose tissue and visceral adipose tissue,
were quantified using -190 to -30 HU (34). We used the
psoas muscle mass index (PMI), The skeletal muscle mass
index (SMI), The visceral to subcutaneous adipose tissue
area ratio (VSR), and intramuscular adipose tissue content
(IMAC) to reflect the quality and quantity of skeletal
muscle, and the degree of visceral fat accumulation. PMI =
cross-sectional areas of left and right psoas muscle (cm’)/
patient’s height” (m®), SMI = cross-sectional areas of skeletal
muscle (cm®)/patient’s height’ (m”), and VSR = visceral
adipose tissue area (cm’)/subcutaneous adipose tissue area
(cm®). In addition, the quality and myosteatosis of skeletal
muscle was examined by IMAC at the L3 level. The CT
values of the region of interest (ROISs) of the 4 regions were
measured on the subcutaneous fat away from the main
blood vessels. The average of these four ROIs was used as
the ROI of the subcutaneous fat. Skeletal muscle radiation
attenuation (HU) was measured on the multifidus muscles
using 2 ROIs. The average of these 2 ROIs was used as the
ROI of the multifidus muscles. IMAC = CT attenuation
value of the multifidus muscles (HU)/CT attenuation value
of the subcutaneous fat (HU). IMAC indicates a greater
amount of adipose tissue within skeletal muscle, and thus a
lower quality of skeletal muscle (muscle steatosis). HU is a
measure of the radiation attenuation that can be obtained
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from a CT scan, as shown in Figure 2.

Statistical analysis

The Mann-Whitney U test was used to compare continuous
variables between the two patient groups. The chi-squared
test and two-tailed Fisher’s exact test were used for the
comparison of categorical variable data between the two
groups. Continuous variable data were expressed as medians
and ranges, and categorical variable data were expressed
as numbers and percentages. The least absolute shrinkage
and selection operator (LASSO) logistic regression model
was used to build a prognostic classifier for postoperative
complications based on sarcopenia in the primary set,
which integrated five features out of the seven parameters.
Using the coefficients derived from the LASSO logistic
regression models, we then constructed a formula to
calculate for each patient. We used the receiver operating
characteristic (ROC) curve with calculations of the area
under the curve (AUC) to determine the optimal cut-off
value of the sarcopenia score index. Logistic regression
analysis was used to evaluate outcomes based on clinically
relevant variables [odds ratio (OR), 95% confidence interval
(CD)]. After univariate analysis, selected variables with P
value < 0.05 were considered for multivariate regression
analysis to investigate the factors related to postoperative
complications. In the multivariate regression model, the P
value was set at 0.05. A nomogram incorporating sarcopenia
score index and risk factors assessed based on multivariable
logistic regression was constructed for predicting
postoperative complications. The predictive accuracy of the
models was measured using the C-index, which quantifies
the level of agreement between the predicted probabilities
and the actual probabilities of having the event of interest,
and the bootstrap estimate of slope shrinkage (35). In
addition, we used clinical data from 6 hospitals in hydatid-
endemic areas for external validation. During the external
validation, the total points of each patient in the validation
set were calculated according to the established nomogram,
and the C-index and calibration curve were derived based
on the regression analysis. Decision curve analysis (DCA)
was performed to determine the clinical application value
of the nomogram models by calculating the net benefits
at each risk threshold probability. All analyses were
conducted using SPSS statistical software version 24.0 (IBM
Corporation, Armonk, NY, USA), GraphPad Prism 8 and R
version 3.61(http://www.r-project.org/).
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Figure 2 Cross-sectional computed tomography (CT) images at the level of the third lumbar vertebra (L3). (A) Skeletal muscle areas

are quantified using a CT attenuation value of =29 to 150 Hounsfield units (HU). (B) Visceral adipose tissue areas were quantified using

attenuation values of —150 to =50 HU. (C) Subcutaneous adipose tissue areas were quantified using attenuation values of -190 to -30 HU.

(D) The quality and myosteatosis of skeletal muscle were examined by intramuscular adipose tissue content IMAC) at the L3 level. The

CT values of subfascial muscular tissue in the multifidus muscle (2 circles) and subcutaneous fat (4 small circles) were examined to calculate

IMAC.

Results
Patient characteristics

In the primary set, a total of 233 patients, including 124
male and 109 female patients, with an age range of 18 to
69 years, confirmed by pathology who underwent curative
liver resection were eligible for this study. The validation set
included 54 patients from 6 hospitals in hydatid-endemic
areas. The clinicopathologic characteristics of the patients
in the primary and validation sets are listed in Table 1. In
the primary set, a total of 82 patients (82/233, 35.2%)
experienced postoperative complications during the study
period with a major postoperative complication rate (Clavien-
Dindo 23) of 18.02% (42/233) (33). The postoperative
complications after liver resection included wound infection
(n=14), bile leakage (n=19), intra-abdominal abscess (n=11),
hydrothorax (n=16), gastroparesis (n=11), intra-abdominal
hemorrhage (n=2), ascites (n=17), respiratory infection (n=20)
and acute liver or renal failure (n=2).
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Prognostic nomogram for predicting complications after
liver resection for HAE

Using the coefficients derived from the LASSO logistic
regression models based on the primary set, we then
constructed a formula to calculate for each patient. The
LASSO coefficient profiles of the selected blood features
are shown in Figure 3. The sarcopenia score is based
on their personalized levels of the five features, where
sarcopenia score = 2.091 + 1.109 x VSR + 0.797 x IMAC
- 0.016 x Age - 0.374 x PMI - 0.019 x SMI. Using ROC
curves, we classified patients into a sarcopenia type A and
sarcopenia type B group with a nutritional score of -1.166
as the cut-off value. In the primary set, 63 patients (63/233,
27%) were classified into the sarcopenia type A group.
The remaining 170 patients (73 %) were classified into the
sarcopenia type B group. No significant differences in the
baseline characteristics were observed between the groups
(all P>0.05), except for the sex variable (19/44 vs5.105/65,
P<0.001), hemoglobin (HGB) variable (130 vs. 137.5 g/L,
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Table 1 Perioperative data
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Primary set (n=233)

Validation set (n=54)

Age (years), median (range)

Gender (male/female)

BMI (kg/m?), median (range)

ASA score, median (range)

Liver cirrhosis, n, (%)

Preoperative HGB (g/L), median (range)
Preoperative RDW, median (range)

Preoperative WBC count, median (range) x10°%/L
Preoperative NEUT count, median (range) x10°/L
Preoperative LYMPH count, median (range), x10%/L
Preoperative ES count, median (range), x10%/L
Preoperative PLT count, median (range), x10%/L
Preoperative ALT (U/L), median (range)
Preoperative AST (U/L), median (range)
Preoperative ALP (U/L), median (range)
Preoperative GGT (U/L), median (range)
Preoperative LDH (U/L), median (range)
Preoperative Total bilirubin (umol/L), median (range)
Preoperative ALB (g/L), median (range)
Preoperative creatinine, mg/dL, median (range)
Preoperative PT(s)

Preoperative INR, median (range)

NLR, median (range)

ALBI, median (range)

AGR, median (range)

Lesion size (cm), median (range)

Lesion number (multiple/solitary)

Surface area of hepatectomy (major/minor)
Macroscopic vascular invasion (yes/no)

Adrenal invasion, n (%)

Diaphragm invasion, n (%)

Bile duct invasion, n (%)

PMI, cm?’/m* median (range)

40 (18-69)
124/109
22.14 (17.24-31.40)
2 (2-3)
44 (18.88%)
134 (81-207)

14 (11.3-31.6)
6.64 (1.62-15.36)
4.03 (1.17-11.51)
1.68 (0.2-4.46)
0.29 (0-4.38)
245 (45-467)

25 (6-416)

25 (11-424)

124 (16-1440)

62 (7-1,082)

177 (43-711)
9.7 (2.9-232.5)
39.4 (26.5-52.2)
0.69(0.27-1.24)
12.4 (10-26.7)
1.07 (0.85-1.67)
2.42 (0.48-19.78)
-2.72 (-3.78--0.85)
1.10 (0.38-2.69)
9.6 (1.8-22)
64/169
143/90
97/136

28 (12.02)

74 (31.76)

44 (18.88)

6.21 (1.75-12.84)

38.5 (19-68)
24/30
22.43 (19.12-35.55)
2 (2-3)
10 (18.52%)
148 (83-179)
18.5 (11.1-31.2)
6.36 (3-11.5)
4.03 (1.37-9.68)
1.46 (0.71-2.72)
0.23 (0-2.29)
233.5 (89-432)
24.5 (8-386)

24 (11-412)
93.5 (49-889)
63.5 (11-1,067)

164 (43-516)
9.5 (3.8-178.2)
38.4(30.7-45.1)
0.70(0.32-1.27)
12.8 (10.1-15.8)
1.09 (0.9-1.32)
2.73 (0.88-8.34)
-2.53 (-3.29--1.41)
1.03 (0.62-2.20)
8.9 (3.8-19.6)
16/38
25/29
28/26

12 (22.22)

15 (27.78)

8 (14.81)
5.10 (1.81-10.9)

Table 1 (continued)
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Primary set (n=233)

Validation set (n=54)

SMI, cm?/m?, median (range)
VSR, cm’/cm’, median (range)
IMAC, median (range)

Surgical approach (LLR/OLR)
Transfusion (yes/no)

PNM stage (early stage/late stage)

Hospital stay (days)

Postoperative complication (Clavien-Dindo =3)

Postoperative 90-day mortality

42.76 (23.88-67.16)
0.35 (0.05-2.90)
-0.54 (-1.89--0.06)
11/222
54/179
154/79
12 (6-66)
42 (18.02%)
4(1.72%)

42.14 (25.09-67.52)
0.28 (0.07-2.34)
-0.62 (-1.18--0.23)
1/53
15/39
34/20
23.5 (14-45)
13 (24.07%)
1(1.85%)

BMI, body mass index; ASA, American Society of Anesthesiology; HGB, hemoglobin; RDW, Red blood cell distribution width; WBC, white
blood cell; NEUT, neutrophil; LYMPH, lymphocyte: MONO, Monocyte; ES, eosinophil; PLT, platelets; ALT, alanine aminotransferase; AST,
aspartate transaminase; ALP, alkaline phosphatase; GGT, y-glutamyl transferase; LDH, lactate dehydrogenase; PT, Prothrombin time; INR,
international normalized ratio; NLR, neutrophil-to-lymphocyte; ALBI grade, albumin-bilirubin grade; AGR, albumin/globulin ratio; LLR,
laparoscopic liver resection; OLR, open liver resection; PMI, psoas muscle mass index; SMI, Skeletal muscle mass index; VSR, visceral to

subcutaneous adipose tissue area radio; IMAC, intramuscular adipose tissue content.
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Figure 3 (A) The least absolute shrinkage and selection operator (LASSO) coefficient profiles of the five selected sarcopenia features. A

dashed vertical line is drawn at the value (logy =-4.3) chosen by 10-fold cross-validation. (B) Partial likelihood deviance for the LASSO

coefficient profiles. A light dashed vertical line stands for the minimum partial likelihood deviance. A dashed vertical line stands for the

partial likelihood deviance at the value (logy
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P=0.006), white blood cell (WBC) count variable (6.07x10’
vs. 6.745x10°/L, P=0.017), total bilirubin variable
(7.8 vs. 10.15 pmol/L, P=0.036), PMI variable (4.18 vs.
7.04 cm’/m’, P<0.001), SMI variable (37.02 vs. 45.01
em’/m’, P<0.001), VSR variable (0.40 vs. 0.32 cm’/cm’,
P=0.026), IMAC variable (-0.51 vs. -0.56, P<0.001) and
hospital stay (14 vs.11.5 days, P=0.001). In addition, patients
with sarcopenia type A had a significantly different 90-
day mortality rate (4.76% vs. 0.59%; P=0.029), as listed
in Table 2. According to univariable logistic regression
analysis, sex, preoperative eosinophils (ES), preoperative
alkaline phosphatase (ALP), preoperative y-glutamyl
transferase (GGT), preoperative lactate dehydrogenase
(LDH), ALBI, maximum lesion size, blood transfusion
(yes vs. no), macroscopic vascular invasion (yes vs. no),
adrenal invasion (yes vs. no), surface area of hepatectomy
(major vs. minor) increased the odds of major postoperative
major complications. These variables were included in a
multivariable logistic model, and the multivariate analyses
revealed that preoperative GGT 263.5 U/L (OR, 2.527,
95% CI, 1.013-6.301, P=0.047), the major surface area of
hepatectomy (OR, 3.210, 95% CI, 1.064-9.687, P =0.038)
were identified as independent risk factors for postoperative
complications (1uble 3, Figure 4). Based on the results of the
multivariate logistic analysis and LASSO logistic analysis,
a nomogram integrating all significant independent factors
was constructed to predict postoperative complications for
HAE patients after liver resection (Figure 5A4). The model
had a good prediction capability with a C-index of 0.84
(95% CI, 0.72-0.96). In the validation set, the C-index of
the nomogram for predicting postoperative complications
was 0.92 (95% CI, 0.85 to 0.99), The calibration plot for
the probability of postoperative complications showed an
optimal agreement between the nomogram prediction and
the actual observation in the primary and validation sets
(Figure 5B, 5C). The decision curves of the nomograms for
predicting postoperative complications are presented in
the primary set and validation set are shown in Figure 6. In
addition, in this research, we also analyzed the correlation
between sarcopenia score and some indicators related to
inflammation and nutritional metabolism. We found that
the sarcopenia score was correlated with WBC count (r
=-0.206, P=0.020), RDW (r =0.151, P=0.021), ALB level (r
=-0.240, P<0.001), Scr/Scys (r =-0.259, P=0.002) and PNI
score (r =-0.152, P=0.020; Figure S1).
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Discussion

Although HAE is regarded as a benign disease, due to the
long-term growth of HAE lesions in the body and the trait
of invasion along blood vessels and biliary structures, the
lesions of HAE that exhibits tumor-like characteristics
are typically large, multiple, or infringing on adjacent
structures, and the first and second hepatic portal veins
are involved at the first diagnosis (2,32). Surgical curative
liver resection still remains the main treatment for end-
stage HAE (24,36). While advances in surgical technique
and perioperative management for HAE have dramatically
decreased postoperative mortality and improved the clinical
cure rate. However, due to the complexity of liver resection
for HAE, the incidence of postoperative complications is
still high (30,36). Severe postoperative complications would
prolong the length of hospital stay, increase hospital costs,
increase the probability of readmission and even worsen
the long-term prognosis (24,37). Therefore, it is necessary
to identify the risk factors for increased postoperative
complications after liver resection for HAE.

Recent studies have shown that sarcopenia and visceral
adiposity, as a more and more closely watched predictor,
play important roles in nutritional assessment, which has
been proven to be related to postoperative complications
in various diseases including gastric cancer, hepatocellular
carcinoma (HCC), pancreatic cancer, and endometrial
cancer (38-42). However, the impacts of preoperative
sarcopenia, muscle steatosis, and visceral adiposity on
short-term outcomes after liver resection for HAE
remain unclear. This retrospective study was the first
comprehensive study to show that sarcopenia and visceral
adiposity were significant predictors of postoperative
major complications following liver resection for HAE.
Distinct from other studies that focused on only the effects
of sarcopenia or visceral fat on complications after liver
resection, we utilized the LASSO logistic regression model
(logy =-4.3) to select the most useful prognostic parameters
for sarcopenia score(combining with sarcopenia and visceral
adiposity), and then established a classifier based on multi-
muscle nutrition features for predicting postoperative
complications in the primary and validation sets. After
adjustment for confounding factors, our sarcopenia classifier
was an independent prognostic factor for postoperative
complications with good predictive accuracy in the primary
and validation set. Notably, our sarcopenia classifier which
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Table 3 Logistic regression models of variables associated major postoperative complications

Univariate regression model

Multivariate regression model

Variable
Odds ratio 95% CI P value Odds ratio 95% ClI P value

Age (=40 vs. <40 years) 0.777 0.398-1.516 0.459 0.858 0.405-1.819 0.690
Sex (female vs. male) 2.114 1.066-4.196 0.032 2.041 0.937-4.445 0.073
Liver cirrhosis (yes vs. no) 1.443 0.648-3.215 0.370

Preoperative ES (=0.425 vs. <0.425) 2.5837 1.283-5.017 0.007 1.225 0.527-2.848 0.637
Preoperative ALP (=164.5 vs. <164.5) 2.720 1.376-5.378 0.004 1.085 0.442-2.663 0.859
Preoperative GGT (=63.5 vs. <63.5) 3.253 1.571-6.737 0.001 2.527 1.013-6.301 0.047
Preoperative LDH (=186.5 vs. <186.5) 2.646 1.339-5.228 0.005 1.782 0.801-3.966 0.157
Preoperative ALB (<30 vs. >30 g/dL) 1.905 0.568-6.396 0.297

NLR (=3.83 vs. <3.83) 2.174 0.949-4.982 0.066

ALBI (=-2.515 vs. <-2.515) 2.430 1.226-4.817 0.011 1.397 0.622-3.137 0.418
PNI (<47 vs. >47) 1.680 0.858-3.290 0.131

Scre/Scys (=1.27 vs. <1.27) 2.372 0.569-9.894 0.236

Maximum lesion size (>10 vs. <10 cm) 2.393 1.196-4.785 0.014 0.638 0.248-1.640 0.351
Lesion number (multiple vs. single) 0.567 0.247-1.302 0.181

Blood loss >500 mL 0.993 0.951-1.036 0.736

Blood transfusion (yes vs. no) 2.165 1.051-4.460 0.036 1.351 0.582-3.135 0.484
Macroscopic vascular invasion (yes vs. no) 3.457 1.735-6.891 <0.001 1.802 0.788-4.121 0.163
Bile duct invasion (yes vs. no) 1.987 0.921-4.291 0.080

Diaphragm invasion (yes vs. no) 0.832 0.399-1.735 0.624

Adrenal invasion (yes vs. no) 2.469 1.028-5.930 0.043 1.519 0.543-4.250 0.425
Surface area of hepatectomy 3.630 1.895-11.705 0.001 3.210 1.064-9.687 0.038

(major vs. minor)

ES, eosinophil; ALP, alkaline phosphatase; GGT, y-glutamyl transferase; LDH, lactate dehydrogenase; ALB, albumin; NLR, neutrophil-to-
lymphocyte ratio; ALBI grade, albumin-bilirubin grade; PNI, prognostic nutrition index; Scre/Scys, serum creatinine/serum cystatin C.

was established from preoperative plain CT scans, was an
objective clinical quantification of a patient’s nutritional
status, fitness level, and muscle frailty by reflecting the
degenerative loss of skeletal muscle mass and increase in
visceral fat. This classifier can be used in clinical practice
and can potentially guide clinical decisions and informed
consent prior to surgical liver resection based on the
parameters.

Studies have reported that sarcopenia might be related
to the activation of the ubiquitin proteasome pathway and
caspases under transcriptional control of the transcription
factors forkhead box O (Fox-O) and nuclear factor (NF)-
kB, Moreover, myostatin, which is a member of the

© Annals of Translational Medicine. All rights reserved.

transforming growth factor B (T'GF B) family, can also cause
myopenia by down regulating the mammalian target of
rapamycin (m'TOR) pathway (43-45). However, the precise
mechanism of how low skeletal muscle mass with increasing
visceral adipose tissue affects postoperative complications
is unclear. One possible mechanism is that sarcopenia may
reduce muscle strength, leading to poor physical function
and thereby reducing tolerance to surgical liver resection
treatment (46). In addition, due to the decrease in the
amount of protein stored in the body due to sarcopenia,
metabolism and immunity are also reduced, and cause an
imbalance between adipokines and myokines, which can
easily lead to an immune deficiency state for adding surgical

Ann Transl Med 2020;8(21):1398 | http://dx.doi.org/10.21037/atm-20-1960a
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Figure 4 Preoperative assessment and surgical techniques. (A, B) A preoperative computed tomography (CT) scan showed a massive lesion

of hepatic alveolar echinococcosis (HAE) occupying the left medial lobe and right anterior lobe, resulting in left hepatic bile duct dilation

(black arrow). (C) A HAE lesion in the right liver involving the diaphragm (white arrow). (D) A HAE lesion invading liver parenchyma

and biliary tract. After complete removal of the HAE lesion, then anastomosis of the biliary tract was performed (white arrow). (E) A HAE

lesion invading the right posterior inferior vein of the liver. After complete removal of the HAE lesion, the right posterior inferior vein was

reconstructed. (F) A larger surface area of liver resection after the HAE lesion was removed.

intervention and the dysfuction of postoperative liver cells
(40,47), which in turn leads to an increase in the incidence
of postoperative complications and postoperative mortality.

Similarly, adipose tissue plays an important role in the
prognosis after liver resection. Adipose tissue not only
affects the endocrine system but is also a key part of the
immune system. Some research has proven that excess
visceral fat has more metabolic activity than subcutaneous
fat and that the accumulation of visceral adipose tissue
can lead to the secretion of various kinds of pro-
inflammatory adipokines including leptin, tumor necrosis
factor-a (TNF-a), interleukin (IL)-1, IL-6, monocyte
chemoattractant protein (MCP)-1, and to a decrease in
the amount of anti-inflammatory adipokines, such as
adiponectin, which lead to a chronic proinflammatory state
and even contribute to insulin resistance (48-50). Although
the inflammatory response provides a protective effect for
the body against trauma or infection, chronic inflammation
can be maladaptive and may potentiate the proinflammatory
response to the trauma induced by surgery (51). In our
research, we find found that the sarcopenia score was
correlated with WBC, RDW, ALB, PNI, and Scr/Scys,
which are important indicators related to inflammation
and nutritional metabolism. Poor nutrition associated
with the inflammatory response and low nutritional

© Annals of Translational Medicine. All rights reserved.

immunosuppressive status. Preoperative intervention
to improve body composition such as adequate protein
(branched-chain amino acids) or aerobic exercise might
lead to improved prognosis after liver resection (45,52).
More prospective studies are still needed to further explore
the relationship between cytokines and visceral adipose or
sarcopenia.

In our research, preoperative GGT levels were found
to be independent risk factors for major postoperative
complications, which was consistent with previous research
findings (53,54). Serum GGT is related to the accumulation
of bile in capillaries caused by chronic biliary infection
and immune factors. Serum GGT has been proposed as
a sensitive landmark of oxidative stress, which is related
to the production of reactive oxygen species (ROS) (55).
High serum GGT levels might reflect the severity of the
damage that HAE causes to the liver in an inflammatory
response. In addition, the larger the area of hepatectomy is,
the more complicated the hepatectomy becomes, the longer
the operation time is, and the greater the damage to the
body will be. Individualized surgical design was needed to
perform according to the size and location of the lesion to
avoid bleeding and unnecessary cutting of the liver surface
area to ensure the safety of surgery and reduce postoperative
complications.
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Figure 6 The decision curves of the nomograms for predicting
presented.

Through the nomogram we established, we could
offer clinicians a simple and quantitative means to assess
the individual probability of postoperative complications
of each HAE patient before surgery. For the high-risk
population, we can choose a combination of nutritional
support treatment and resistance training first. After
improving the nutritional status and physical fitness of
patients, we can choose surgical treatment to improve the
short-term prognosis of patients; However, we still need
prospective studies or randomized controlled studies to
confirm the prognostic benefits of nutritional or physical
fitness improvement on patients with HAE.

As a retrospective study, our study had several inherent
limitations. First, the nomogram we established for
predicting for postoperative complications was based on
data obtained from a single HAE center in China. Although
we used other data from multiple hospitals in western China
for verification, a pooled analysis with a database from
different centers in different districts certainly introduces
some selection bias. Second, the mechanisms behind
the associations of sarcopenia and postoperative major
complications were not clearly elucidated in our study, and
further investigations may provide more information for
a better understanding of the roles of nutrition (including

© Annals of Translational Medicine. All rights reserved.
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postoperative complications in the primary set and validation set are

sarcopenia and visceral adiposity) on postoperative
complications for HAE.

In conclusion, our study showed that sarcopenia score
evaluated by PMI, SMI, IMAC and VSR was significantly
correlated with postoperative major complications in
patients undergoing curative liver resection for HAE. In
addition, the preoperative nutritional intervention and
rehabilitation could be important for good outcomes after
liver resection.
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