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Abstract

Background: Several investigators have reported that sarcopenia is common in
patients with cirrhosis. However, few studies have discussed the association between
sarcopenia and liver cirrhosis complicated with esophageal and gastric variceal
bleeding (LC-EGVB). We aimed to investigate the impact of sarcopenia on rebleeding
after endoscopic therapy in patients with LC-EGVB.

Method: CT images from the 3™ lumbar vertebrae were selected to analyze body
composition, including SMT VAT and SAT, by SliceOmatic software. Sarcopenia was
defined according to validated cutoff values for patients with cirrhosis: 44.77 cm?/m?
for males and 32.50 cm?*/m? for females.

Results: A total of 187 LC-EGVB patients and 309 donors were included. The rate
of sarcopenia in donors (17.4%) was significantly lower than that in LC-EGVB patients
(41.2%). LC-EGVB patients with sarcopenia have a high prevalence of portal vein
thrombosis and rebleeding rate at 1 year. The rate of sarcopenia in the rebleeding group
was significantly higher than that in the non-rebleeding group. Univariate and
multivariate analyses showed that sarcopenia was an independent risk factor for
rebleeding within 1 year in LC-EGVB patients.

Conclusion: LC-EGVB patients have a high prevalence of sarcopenia. Sarcopenia

is an independent risk factor for rebleeding within 1 year.

Key words: liver cirrhosis; esophageal and gastric variceal bleeding; sarcopenia;
rebleeding

Abbreviations: liver cirrhosis complicated with esophageal and gastric variceal
bleeding, LC-EGVB; BMI, body mass index; PVT, portal venous thrombosis; HE,
hepatic encephalopathy; HCC, hepatocellular carcinoma; RCS, red color signs; EVG,
esophageal varices grading; SMT, skeletal muscle tissue; VAT, visceral adipose tissue;

SAT, subcutaneous adipose tissue.



Introduction

With the development of computed tomography (CT) examination, a second analysis
of CT images in the 3™ lumbar vertebra was considered an objective and the gold
standard for determining the body composition of visceral adipose tissue (VAT),
subcutaneous adipose tissue (SAT), and skeletal muscle tissue (SMT)[1]. Previous
studies have demonstrated that an increase in VAT is an independent risk factor for
metabolic syndrome, which includes diabetes, hypertension and coronary artery
disease[2, 3]. We also found that VAT and SMT were influential factors for the severity
and prognosis of patients with acute pancreatitis. Patients should have a proper diet and
exercise program after discharge to reduce VAT and strengthen muscle function to
improve prognosis [4].

Sarcopenia is recognized as a syndrome that is characterized by the progressive and
systemic loss of skeletal muscle mass and strength[5, 6]. Several studies have found
that sarcopenia is correlated with poor survival in cancer patients[7, 8]. In the last
decade, several investigators have reported that sarcopenia is common in patients with
cirrhosis and is an independent prognostic factor for mortality in cirrhosis patients[9].
Zeng et al. found that cirrhosis was significantly associated with sarcopenia, and
sarcopenia patients had relatively poor liver function[10]. Topan and colleagues found
that sarcopenia was a significant risk factor for the occurrence rate of ascites,
hepatocellular carcinoma, urinary tract infection and spontaneous peritonitis[11]. A
recent study found that sarcopenia was associated with minimal hepatic encephalopathy
(HE) and the risk of overt HE in patients with cirrhosis, and this association may reduce
the metabolism of ammonia[12].

However, few studies have discussed the association between sarcopenia and liver

cirrhosis complicated with esophageal and gastric variceal bleeding (LC-EGVB). In



this study, we studied the impact of sarcopenia on the outcomes of LC-EGVB patients
after endoscopic therapy.
Method
Patients and donors

A total of 206 patients with LC-EGVB treated at PLA Rocket Force Characteristic
Medical Center from March 2017 to July 2018 were selected. All patients received
endoscopic therapy for EGVB. Seven of 206 patients did not receive a CT examination
1 week after the first endoscopic therapy. Twelve of 199 patients were lost to follow-up
1 year after endoscopic therapy. Finally, a total of 187 LC-EGVB patients were included
in this study. The detailed information of the included patients is shown in Table 1. A
total of 309 donors were also selected, and these donors were diagnosed with
gastrointestinal polyps, mild gastroesophageal reflux disease, chronic gastritis, or
dyspepsia as previously described[4]. The study was conducted in accordance with the
Declaration of Helsinki and approved by the Institutional Ethics Committee of PLA

Rocket Force Characteristic Medical Center.

CT image analysis

All patients and donors received CT scans. A CT image from the 3™ lumbar vertebrae
was selected. SliceOmatic software (version 5.0; Tomovision, Magog, Canada) was
used to quantify the body composition, which enables specific tissue demarcation using
previously reported Hounsfield unit (HU) thresholds. SMT ranged from -29 to +150
HU, VAT ranged from -150 to -50 HU, and SAT ranged from -190 to -30 HU. As shown
in Figure 1, SMT is marked in red, VAT in yellow and SAT in green. The area and mean
attenuation (HU) of different tissues were calculated automatically. The cross-sectional
skeletal muscle area was normalized to height (cm?/m?) to evaluate the skeletal muscle
index (SMI). Sarcopenia was defined according to validated cutoff values in patients

with cirrhosis. For males, it was 44.77 cm?*/m?, and for females, it was 32.50 cm?*/m?.[10]

Endoscopic findings for EGVB and follow-up

All patients received endoscopic therapy, including endoscope band ligation,



endoscopic cyanoacrylate injection or endoscopic lauromacrogol injection. The grade
of esophageal varices and red color signs were defined as previously described. All
patients were followed-up for at least 1 year. Patients with rebleeding at the 1-year

follow-up received endoscopic examination and therapy if necessary.

Statistical analysis
We used SPSS statistical software 26 (version 26.0; IBM Corp., Armonk, NY,

UAS) to analyze the data and make tables. A two-sided P < 0.05 was considered
statistically significant, and a P < 0.1 was considered marginally significant. For
continuous data with normal and nonnormal distributions, variables are expressed as
the mean + standard deviation or median (interquartile range), respectively. The
Kolmogorov—Smirnov test was used to analyze whether the data were normally
distributed. The significance of the differences between the two groups was analyzed
by two-sample t test or Mann—Whitney U test. Categorical variables are expressed in
numbers (%) and were compared between these variables using the chi-square test and
Fisher’s exact test. Univariate and multivariate logistic regression analyses were used
to evaluate the risk factors for severe esophageal varices. When P values were less than
0.1 in univariate analysis, they were considered statistically significant and were
included in multivariate analysis. Univariate and multivariate Cox regression analyses
were used to evaluate the risk of gastroesophageal variceal rebleeding.
Results
The basic characteristics of the included patients

As shown in Table 1, a total of 187 patients who were diagnosed with LC-EGVB
were included in this manuscript. Among these patients, 121 were male. The etiology
of the majority of cirrhosis patients was viral infection (56.7%), and others included
alcohol (15%) and autoimmune disease (12.3%). These patients also had a few
complications, such as ascites (59.9%), portal vein thrombosis (PVT) (29.9%),
splenomegaly (75.9%), HCC (10.7%), hepatic encephalopathy (31.0%) and sarcopenia

(41.2%). The body composition features are listed in Table 1.



Body composition in LC-EGVB patients and donors

In this study, we included 309 donors, who were described previously[4]. The rate of
sarcopenia in the donors was 17.4%, which was significantly lower than that in LC-
EGVB patients (41.2%). We selected BMI-matched and sex-matched individuals and
measured body composition. The results showed less SMT, VAT and SAT in LC-EGVB
patients than donors (Figure 1). As shown in Table 2, no difference in BMI was found
in LC-EGVB patients and donors by sex. The rate of sarcopenia in male LC-EGVB
patients was significantly higher than that in male donors (47.11% vs. 27.60%,
p<0.001). However, the rate of sarcopenia in female LC-EGVB patients was not
significantly different from that in donors (30.30% vs. 17.95%, p=0.054). The reason
for this may be the relatively small population of LC-EGVB patients. Body composition
analysis showed that male patients with EGVB had less SMT, VAT and SAT than male
donors. The female patients with EGVB had less SMT and SAT than the female donors,

but VAT was not significantly different.

Sarcopenia and clinical outcomes in EGVB patients

In this study, we focused on the association between sarcopenia and the outcomes of
LC-EGVB. The 187 LC-EGVB patients were divided into a sarcopenia group and a
non-sarcopenia group. BMI values in the sarcopenia group were significantly lower
than that in the non-sarcopenia group (Table 3). Significant differences in PVT (44.2%
vs. 20%, p<0.001) and the rebleeding rate at 1 year (42.9% vs. 16.4%, p<0.001) were
also found between the two groups. We also found differences in the endoscopy results,
including the grade of gastroesophageal varices (92.2% vs. 76.4% p<0.01) and the
prevalence of red color signs (89.6% vs. 76.4%, p<0.05). In contrast, no significant

differences were found for ascites, splenomegaly, HCC rate and hepatic encephalopathy.

Sarcopenia was a risk factor for rebleeding after 1 year in LC-EGVB patients
As shown in Table 1, 51 of 187 LC-EGVB patients experienced rebleeding within 1
year. These patients were divided into a rebleeding group and a non-rebleeding group.

As shown in Table 4, the rate of sarcopenia in the rebleeding group was 64.7% (33/51),



which was significantly higher than that in the non-rebleeding group (32.4%, 44/136).
Univariate and multivariate analyses showed that sarcopenia was an independent risk
factor for rebleeding at the 1-year follow-up of LC-EGVB patients (Table 5).
Discussion

Previous studies have reported that the prevalence of sarcopenia in cirrhosis ranges
from 30%-70%][ 13]. These results are consistent with those in this manuscript. While
the prevalence in LC-EGVB patients was relatively high (41.2%), the reason for this
may be that all the cirrhosis patients were complicated with EGVB. Moreover,
sarcopenia was more prevalent in male patients with cirrhosis. In this study, we also
found that the prevalence of sarcopenia was higher in male patients with EGVB than in
female patients (47.11% vs. 30.30%). The pathogenesis of sarcopenia in cirrhosis is
complex and multifactorial. A few studies have found that the imbalance between
muscle breakdown and formation may play important roles[14]. The mechanisms
contributing to sarcopenia may include reduced nutrient and energy intake,
maldigestion, malabsorption, altered macronutrient metabolism, inhibited muscle
growth, elevated myostatin levels, increased muscle breakdown and physical
activity[15-17].

Esophageal and gastric varices are the most common complications in liver cirrhosis
patients. The bleeding of esophageal and gastric varices is considered an urgent
emergency, and nearly 1% of patients with liver cirrhosis die of EGVB[18]. It was
demonstrated that the risk factors for EGVB include varices located in the critical area,
high portal pressure, large varices, blue coloration, red-colored signs and advanced
stages of liver disease[19, 20]. However, few studies have discussed the association
between sarcopenia and LC-EGVB. Ishizu and colleagues found that the prevalence of
low skeletal mass had no association with either death or rebleeding within 5 days in
liver cirrhosis complicating esophageal and gastric varices. Nevertheless, low skeletal
mass is an independent risk factor for 6-week mortality[21]. Lattanzi et al. found that
sarcopenia patients with noncirrhotic portal hypertension had a higher rate of refractory
variceal bleeding than non-sarcopenia patients[22]. In this study, we demonstrated that

the rebleeding rate of liver cirrhosis complicated by EGV in the sarcopenia group



(33/77, 42.9%) was significantly higher than that in the non-sarcopenia group (18/110,
16.4%). The prevalence of sarcopenia in the rebleeding group at 1 year was
significantly higher than that in the non-rebleeding group. Univariate and multivariate
analyses showed that sarcopenia was a risk factor for rebleeding of EGV within 1 year.

This study has two potential limitations. First, the number of patients included in this
study was relatively small. A study of a large number of patients needs to be conducted
to confirm our results. Second, the cutoff of SMI for defining sarcopenia is from
research with a large number of donors, and more studies are needed to confirm the
cutoff.

In conclusion, our study demonstrated a high prevalence of sarcopenia in LC-EGVB
patients. Further research found that a higher rate of rebleeding within 1 year and PVT
patients were found in the sarcopenia group of LC-EGVB patients, and a relatively
higher BMI was found in the non-sarcopenia group. Univariate and multivariate
analyses showed that sarcopenia was an independent risk factor for rebleeding of LC-

EGYV within 1 year.

References

1. Hopkins JJ, Skubleny D, Bigam DL, Baracos VE, Eurich DT, Sawyer MB: Barriers to the
Interpretation of Body Composition in Colorectal Cancer: A Review of the
Methodological Inconsistency and Complexity of the CT-Defined Body Habitus. Ann
Surg Oncol 2018, 25(5):1381-1394.

2. Covassin N, Sert-Kuniyoshi FH, Singh P, Romero-Corral A, Davison DE, Lopez-Jimenez F,
Jensen MD, Somers VK: Experimental Weight Gain Increases Ambulatory Blood
Pressure in Healthy Subjects: Implications of Visceral Fat Accumulation. Mayo Clin
Proc 2018, 93(5):618-626.

3. Tolonen A, Pakarinen T, Sassi A, Kytta J, Cancino W, Rinta-Kiikka I, Pertuz S, Arponen O:
Methodology, clinical applications, and future directions of body composition
analysis using computed tomography (CT) images: A review. £ur J Radiol 2021,
145:109943.

4, Zhou Y, Hao N, Duan Z, Kong M, Xu M, Zhang D, Xu X, Yuan Q, Li C: Assessment of Acute
Pancreatitis Severity and Prognosis with CT-Measured Body Composition. /nt J Gen
Med 2021, 14:3971-3980.

5. Tandon P, Montano-Loza AJ, Lai JC, Dasarathy S, Merli M: Sarcopenia and frailty in
decompensated cirrhosis. J Hepato/ 2021, 75 Suppl 1:5147-S162.
6. Sbrignadello S, Gobl C, Tura A: Bioelectrical Impedance Analysis for the Assessment of

Body Composition in Sarcopenia and Type 2 Diabetes. Nutrients 2022, 14(9).



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Su H, Ruan ], Chen T, Lin E, Shi L: CT-assessed sarcopenia is a predictive factor for both
long-term and short-term outcomes in gastrointestinal oncology patients: a
systematic review and meta-analysis. Cancer Imaging 2019, 19(1):82.

Elliott JA, Doyle SL, Murphy CF, King S, Guinan EM, Beddy P, Ravi N, Reynolds JV:
Sarcopenia: Prevalence, and Impact on Operative and Oncologic Outcomes in the
Multimodal Management of Locally Advanced Esophageal Cancer. Ann Surg 2017,
266(5):822-830.

Nishikawa H, Enomoto H, Nishiguchi S, lijima H: Sarcopenic Obesity in Liver Cirrhosis:
Possible Mechanism and Clinical Impact. /nt J Mo/ Sci 2021, 22(4).

Zeng X, Shi ZW, Yu JJ, Wang LF, Luo YY, Jin SM, Zhang LY, Tan W, Shi PM, Yu H et a/
Sarcopenia as a prognostic predictor of liver cirrhosis: a multicentre study in China.
J Cachexia Sarcopenia Muscle 2021, 12(6):1948-1958.

Topan MM, Sporea |, Danila M, Popescu A, Ghiuchici AM, Lupusoru R, Sirli R: Impact of
Sarcopenia on Survival and Clinical Outcomes in Patients With Liver Cirrhosis. front
Nutr2021, 8:766451.

Nardelli S, Lattanzi B, Merli M, Farcomeni A, Gioia S, Ridola L, Riggio O: Muscle
Alterations Are Associated With Minimal and Overt Hepatic Encephalopathy in
Patients With Liver Cirrhosis. Hepatology 2019, 70(5):1704-1713.

Dasarathy S: Consilience in sarcopenia of cirrhosis. J Cachexia Sarcopenia Muscle 2012,
3(4):225-237.

Bojko M: Causes of Sarcopenia in Liver Cirrhosis. Clin Liver Dis (Hoboken) 2019,
14(5):167-170.

Thandassery RB, Montano-Loza AJ: Role of Nutrition and Muscle in Cirrhosis. Curr Treat
Options Gastroenterol 2016, 14(2).257-273.

Chen HW, Dunn MA: Arresting frailty and sarcopenia in cirrhosis: Future prospects.
Clin Liver Dis (Hoboken) 2018, 11(2):52-57.

Meyer F, Bannert K, Wiese M, Esau S, Sautter LF, Ehlers L, Aghdassi AA, Metges CC, Garbe
LA, Jaster R et a/ Molecular Mechanism Contributing to Malnutrition and Sarcopenia
in Patients with Liver Cirrhosis. /nt J Mo/ Sci/ 2020, 21(15).

Liu H, Chen P, Jiang B, Li F, Han T: The value of platelet parameters and related scoring
system in predicting esophageal varices and collateral veins in patients with liver
cirrhosis. J Clin Lab Anal 2021, 35(3):e23694.

Yoshida H, Mamada Y, Taniai N, Yoshioka M, Hirakata A, Kawano Y, Mizuguchi Y, Shimizu
T, Ueda J, Uchida E: Risk factors for bleeding esophagogastric varices. J Njppon Med
Sch 2013, 80(4):252-259.

Park EJ, Jang JY, Lee JE, Jeong SW, Lee SH, Kim SG, Cha SW, Kim YS, Cho YD, Cho JY et a/
The risk factors for bleeding of fundal varices in patients with liver cirrhosis. Gut Liver
2013, 7(6):704-711.

Ishizu Y, Ishigami M, Kuzuya T, Honda T, Hayashi K, Ishikawa T, Hirooka Y, Goto H: Low
skeletal muscle mass predicts early mortality in cirrhotic patients with acute variceal
bleeding. Nutrition 2017, 42:87-91.

Lattanzi B, Gioia S, Di Cola S, D'Ambrosio D, Nardelli S, Tavano D, Farcomeni A, Merli M,
Riggio O: Prevalence and impact of sarcopenia in non-cirrhotic portal hypertension.
Liver Int 2019, 39(10):1937-1942.



Table Legend:

Table 1: Characteristics of included patients

Table 2: Body composition features of donors and patients with LC-EGVB by sex

Table 3: Comparison of characteristics between patients with sarcopenia group and non-
sarcopenia group

Table 4: Comparison of characteristics between patients with rebleeding group and non-
rebleeding group

Table 5: Univariate and multivariate analyses of factors linked to rebleeding

Figure Legend:

Figure 1: Computed tomographic scans showing areas of body composition in LC-
EGVB patients and donors. Example of body composition features in a (A) male
patient with LC-EGVB, (B) male donor, (C) female patient with LC-EGVB, and
-(D) female donor. Muscle, subcutaneous, and visceral adipose tissue are shown

in red, green, and yellow, respectively.
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Figures

Figure 1

LC-EGVB Donor
BMI 21.30 21.30
SMT 104.80 139.63
VAT 78.61 103.30
SAT 51.09 74.33

LC-EGVB Donor
BMI 20.70 20.70
SMT 71.37 110.08
VAT 26.36 43.97
SAT 84.15 120.90

Computed tomographic scans showing areas of body composition in LCHEGVB patients and donors.
Example of body composition features in a (A) male patient with LC-EGVB, (B) male donor, (C) female

patient with LC-EGVB, and -(D) female donor. Muscle, subcutaneous, and visceral adipose tissue are

shown in red, green, and yellow, respectively.
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