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Abstract
Background It is widely known that muscle mass influences the outcomes of many chronic diseases. Erector 
spine mass is a convenient parameter obtained from routine abdominal computed tomography (CT). The clinical 
application value of erector spine mass, and whether erector spine mass could predict the outcome of disease has 
not been studied.

Aim To evaluate the role of the erector spine index (ESI) calculated based on abdominal CT imaging in the 
progression of acute-on-chronic liver failure related to the hepatitis B virus (HBV-ACLF).

Methods We performed a retrospective study of 118 HBV-ACLF patients and calculated the ESI (the total erector 
spine area normalized for height2 in meters) for each patient through abdominal CT. The findings were analyzed 
regarding the progression of HBV-ACLF and the ESI at baseline, including mortality and the development of 
complications.

Results The ESI level was associated with mortality and the development of complications. During the 90-day 
follow-up period, patients with a low ESI (<12.05 cm2/m2) had higher mortality than those with a high ESI (≥ 12.05 
cm2/m2) (51.7% vs. 26.7%), and the cumulative survival rates were 71.0%±4.6 and 85.8%±3.9, respectively (log-
rank P = 0.003). The hazard ratios (HRs) calculated using univariable and multivariable analyses were 2.23(95% 
confidence interval (CI): 1.25–4.21, P = 0.005) and 2.52 (95% CI: 1.34–9.24, P = 0.011), respectively. Patients with a low 
ESI (<12.05 cm2/m2) had higher incidences of kidney dysfunction (43.5% vs. 23.2%, P = 0.029; log-rank P = 0.017) and 
hepatic encephalopathy (39.6% vs. 14.0%, P = 0.003; log-rank P = 0.010) than those with a high ESI. A low ESI was an 
independent risk factor for kidney dysfunction (adjusted HR = 1.36, 95% CI: 1.05–2.93, P = 0.043) and the development 
of hepatic encephalopathy (adjusted HR = 2.26; 95% CI: 2.05–3.13, P = 0.036). In addition, the presence of hepatic 
encephalopathy (the odds ratio (OR) = 2.26, 95% CI: 2.05–3.18, P = 0.006), spontaneous bacterial peritonitis (OR = 3.95, 
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Introduction
Sarcopenia is commonly found among patients with cir-
rhosis, with a prevalence rate of roughly 29-37.5%, and is 
gaining increasing attention [1, 2]. Loss of muscle mass, 
as the phenotypic representation of sarcopenia, is dis-
advantageous for prognosis in these patients [3, 4]. This 
loss of muscle mass is associated with the development 
of acute-on-chronic liver failure (ACLF) and influences 
post-liver transplantation survival for ACLF patients [5–
7]. Accurate methods to assess muscle mass in patients 
include bioelectrical impedance analysis and dual-energy 
X-ray absorptiometry, which are dependent on special-
ized equipment and are costly. Measures of muscle mass 
by cross-sectional imaging are reasonable and convenient 
because routine screening of computed tomography (CT) 
or magnetic resonance imaging (MRI) is necessary for 
patients with liver disease [8–10]. Commonly used mea-
surement objects included the psoas area, psoas muscle 
thickness, lumbar muscle area located at the third lumbar 
vertebra (L3), and skeletal muscles of the extremities [11, 
12]. Few studies have focused on erector spine mass, and 
growing evidence suggests that more indicators could be 
established for the comprehensive assessment of sarcope-
nia in cirrhotic patients [13]. We aimed to evaluate the 
role of erector spine mass located at the upper lumbar 
vertebra in the development of acute-on-chronic liver 
failure related to hepatitis B virus (HBV-ACLF) using 
erector spine area/height2.

Materials and methods
Study population
For this study, we included HBV-ACLF patients from 
the National Twelve Five-Year Science and Technology 
Major Project of China (ChiCTR-TRC-00000766), which 
prospectively enrolled HBV-ACLF patients in a follow-
up program [14]. A prospective study was conducted 
from November 31, 2012, to December 31, 2014. All 
patients were recruited from the 5th Medical Center of 
Chinese PLA General Hospital. ACLF due to autoimmu-
nity, drugs, alcohol, toxins, hepatocellular carcinoma, or 
parasites were excluded. The patients received treatment 
included nucleos(t)ide analogs, antibiotics, liver dialy-
sis, or liver transplantation. Drawing from available data 
records, the primary endpoint was 90-day free-trans-
plant mortality resulting from HBV-ACLF after enroll-
ment and secondary endpoints were the development of 

complications, including overt hepatic encephalopathy, 
kidney dysfunction, and in-hospital infection, during 
follow-up. The patients who underwent abdominal cross-
sectional imaging either 3 days prior or up to 3 days after 
enrollment and 90-day follow-up time were included. 
Patients who underwent liver dialysis or transplanta-
tion and those lacking key information or records were 
excluded from our study. Finally, 118 patients with HBV-
ACLF were analyzed.

HBV-ACLF was defined as both ACLF and chronic 
liver disease due to hepatitis B virus infection. ACLF was 
defined according to the Asian Pacific Association for the 
Study of the Liver guideline [15]. The diagnostic criteria 
were (1) serum bilirubin ≥ 5 mg/dL, (2) international nor-
malized ratio (INR) ≥ 1.5 or prothrombin activity ≤ 40%, 
and (3) ascites and/or encephalopathy as determined by 
physical examination. Chronic hepatitis B virus infection 
was diagnosed according to HBsAg positivity for more 
than 6 months.

Kidney dysfunction was defined as serum creati-
nine levels of 1.2  mg/dL or more [16]. The diagnosis of 
hepatic encephalopathy was made according to the West 
Haven classification. Spontaneous bacterial peritonitis 
(SBP) was defined as (1) ascites polymorphonuclear cell 
count ≥ 0.25 × 109/L; (2) positive ascites bacterial culture; 
and (3) procalcitonin > 0.5 ng/mL, and infection of other 
sites was excluded [17]. In-hospital infection was defined 
as emerging infections regardless of the location identi-
fied 48  h after admission. Biochemical blood analyses 
were performed using standard laboratory tests.

Image acquisition and assessment of muscle parameters
CT examinations were performed for regular screening 
or surveillance of hepatocellular carcinoma. Images were 
acquired with a 64-section CT scanner (GE, Lightspeed). 
Imaging parameters were as follows: non-contrast-
enhanced; section thickness, 5 mm; 5 mm interval; tube 
voltage, 120 kV; and tube current, approximately 290 mA.

We analyzed the transversal erector spine index (ESI) 
and skeletal muscle index (SMI) at L3 in cross-sec-
tional images. Using the CT positioning line function 
of the workstation, we located the corresponding axial 
level image according to the upper and lower boundar-
ies at the 1st lumbar vertebra (L1) on the CT position-
ing images, manually outlined the complete range of the 
erector spine as the area of interest as the Hounsfield unit 

95% CI: 1.01–5.46, P = 0.037), and kidney dysfunction (OR = 4.47, 95% CI: 1.02–9.64, P = 0.032) was independently 
associated with a low ESI in patients.

Conclusion A low ESI is an independent risk factor for mortality in patients with HBV-ACLF, as well as the 
development of kidney dysfunction and hepatic encephalopathy.
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(HU) thresholds of − 29 to + 150 were used for the skeletal 
muscle [18], measured its area through the image work-
station software (GE AW4.6), averaged the measurement 
3 times to reduce the error, recorded the average value as 
the total erector spine area, and normalized for height2 
(in meters) to calculate ESI (Fig. 1). The method used to 
calculate SMI was described in a previous study [19]. The 
assessments were performed independently by 2 hepatol-
ogists who had been trained by an expert radiologist. A 
third imaging physician was involved in reaching a con-
sensus whenever disagreement arose.

Statistics
Continuous variables were expressed as the mean ± stan-
dard deviation (SD) or medians and ranges, while cat-
egorical variables were expressed as frequencies and 
percentages. Univariable analyses included Student’s 
t-test for pairwise comparisons of parametric data distri-
butions, the Mann–Whitney U test for pairwise compari-
sons of nonparametric distributions, and chi-square tests 
for comparisons of categorical variables. Binary logistic 
regression with forward elimination was used to evaluate 
independent factors with ESI. Kaplan–Meier curves were 
used to illustrate cumulative rates of survival, hepatic 
encephalopathy, kidney dysfunction, and in-hospital 
infection, and differences were assessed by the log-rank 
test. The association of risk factors with mortality and the 
development of complications was assessed by univari-
able and multivariable Cox proportional hazards regres-
sion models. The choice of variables for the multivariable 
analysis was based on the results of univariable analysis 
and clinical correlation. Cox proportional hazards regres-
sion was used for group comparisons of mortality. Pear-
son correlation analysis was used for the correlation 
of ESI with SMI. The area under the receiver operating 

characteristic curve (ROC) was plotted, and ROC analy-
sis was performed based on the ESI and SMI. P < 0.05 was 
considered statistically significant for all tests. All statisti-
cal analyses were performed using IBM SPSS Statistics 20 
(SPSS Inc.), and GraphPad Prism version 9 was used to 
create figures.

Ethics
Our study was approved by the local institutional review 
board, and study procedures were performed following 
the Declaration of Helsinki’s ethical principles for medi-
cal research involving human subjects. Informed consent 
was obtained from all patients to be included in the study.

Results
General patient characteristics
In this study, 118 patients with HBV-ACLF were 
included. Of these patients, 104 (88.1%) were men. The 
average age was 41.3 ± 10.7 years. The average level of 
HBV DNA was 3.2 ± 2.2 log10 IU/ml. The average model 
for end-stage liver disease (MELD) score and MELD-
sodium (MELD-Na) score were 27.4 ± 6.8 and 30.4 ± 9.4, 
respectively. The potential precipitating event included 
discontinuance of nucleos(t)ide analogs for 36 patients 
who had taken entecavir or adefovir combined with 
lamivudine, the resistance of nucleos(t)ide analogs for 9 
patients who had taken lamivudine or telbivudine, and 
severe acute attack for 34 patients who had not previ-
ously received nucleos(t)ide analogs. There was no record 
of identified precipitating for 39 patients. All patients 
received entecavir (92.4%) or a combination of ente-
cavir and adefovir (7.6%) after onset. The presence of 
ascites, SBP, kidney dysfunction, hyponatremia, respi-
ratory infections, and hepatic encephalopathy at base-
line was 89.8%, 21.2%, 13.5%, 42.4%, 14.4%, and 11.0%, 

Fig. 1 (A) CT in the coronal plane of a patient displaying the levels of muscle examination of different methods (yellow line: CT positioning line; upper 
red line: upper boundary at L1; lower red line: lower boundary at L1); (B) Exemplary CT of the cross-section of the erector spinal muscles in a patient. The 
image detail outlined by the red line depicts the detected erector spinal cross-sectional area. L1: the 1st lumbar vertebra
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respectively. Besides the infections located in the abdom-
inal and pulmonary, infections involved in the urinary 
system, gastrointestinal tract, and unknown locations 
were 16.1%. The average ESI was 12.6 ± 3.8 cm2/m2. Labo-
ratory parameters, such as serum albumin, bilirubin, cre-
atinine, INR, and white blood cell count, were shown in 
detail in Table 1.

All patients were followed up to 90 days after enroll-
ment. The free-transplant mortality was 39.0%, and the 
rates of new-onset kidney dysfunction, hepatic encepha-
lopathy, and in-hospital infection were 32.4%, 25.7%, and 
68.8%, respectively (Table  2). The in-hospital infections 
primarily included SBP, respiratory infections, and other 
types of infections, and the details were shown (Supple-
mentary Table 1). Other types of infections in this study 
referred to conditions beyond those of abdominal and 
pulmonary and involved the urinary and gastrointestinal 
systems, as well as unlocated infections.

Table 1 General characteristics at baseline
Parameters All patients(n = 118) ESI (cm2/m2) P 

value<12.05 (n = 58) ≥ 12.05 (n = 60)
Demographic
 Age (years) 42.9 ± 10.7 43.8 ± 11.8 42.2 ± 9.5 0.420
 Male, n (%) 104(88.1) 52(89.7) 52(86.7) 0.616
 ESI (cm2/m2) 12.6 ± 3.8 11.3 ± 4.0 13.5 ± 3.4 0.026
Laboratory indicators
 Albumin (g/L) 30.2 ± 4.4 29.1 ± 5.1 32.2 ± 6.7 0.069
 Globulin (g/L) 25.9 ± 7.4 26.1 ± 8.1 25.7 ± 6.8 0.849
 Bilirubin (mg/dL) 20.1 ± 7.7 21.0 ± 8.3 19.2 ± 7.1 0.377
 ALT (U/L) 132(13-2329) 153(94–349) 117(38–496) 0.423
 AST (U/L) 166(47-1500) 208(134–349) 116(77–400) 0.243
 GGT (U/L) 64(15–231) 63(45–95) 68(37–103) 0.846
 Creatinine (µmol/L) 97.1 ± 17.0 98.6 ± 19.8 95.7 ± 14.3 0.526
 INR 3.1 ± 0.5 2.1 ± 0.4 4.1 ± 0.6 0.172
 WBC (×109/L) 7.0 ± 4.9 7.9 ± 6.4 6.2 ± 2.8 0.186
 Hemoglobin (g/L) 119 ± 23 117 ± 24 120 ± 22 0.564
 Platelet count (×109/L) 85 ± 42 76 ± 33 93 ± 48 0.125
 Serum ammonia (mmol/L) 65.8 ± 22.4 69.1 ± 25.8 62.4 ± 18.2 0.030
 HBV DNA (log10 IU/ml) 3.2 ± 2.2 3.0 ± 2.1 3.3 ± 2.3 0.643
 MELD 27.4 ± 6.8 28.2 ± 8.7 26.6 ± 3.7 0.365
 MELD-Na 30.4 ± 9.4 30.7 ± 7.9 30.2 ± 10.8 0.837
Complications at baseline
 Ascites, n (%) 106(89.8) 54(93.1) 52(86.7) 0.247
 SBP, n (%) 25(21.2) 18(31.0) 7(11.7) 0.010
 Kidney dysfunction, n (%) 16(13.5) 12(20.7) 4(6.7) 0.026
 Hepatic encephalopathy, n (%) 13(11.0) 10(17.2) 3(5.0) 0.034
 Respiratory infections, n (%) 17(14.4) 9(15.5) 8(13.3) 0.736
 Hyponatremia, n (%) 50(42.4) 26(44.8) 24(40.0) 0.596
 Other types of infection, n (%) 19(16.1) 10(17.2) 9(15.0) 0.741
Abbreviations. ESI: erector spine index, ALT: alanine transaminase, AST: aspartate transaminase, GGT: γ-glutamyl transferase, INR: international normalized ratio, 
WBC: white blood cell count, MELD: model for end-stage liver disease, MELD-Na: MELD-Sodium, SBP: spontaneous bacterial peritonitis

Table 2 Outcomes for 90-day follow up
Outcomes All 

patients(n = 118)
ESI (cm2/m2) P 

value<12.05 
(n = 58)

≥ 12.05 
(n = 60)

Mortality, n (%) 46(39.0) 30(51.7) 16(26.7) 0.005
Development of 
kidney dysfunction, 
n (%)a

33(32.4) 20(43.5) 13(23.2) 0.029

Development of 
hepatic encepha-
lopathy, n (%)b

27(25.7) 19(39.6) 8(14.0) 0.003

Development of 
in-hospital infection, 
n (%)c

53(68.8) 27(75.0) 26(63.4) 0.273

Abbreviations. ESI: erector spine index. a: Except for 16 patients with kidney 
dysfunction at baseline including 12 in the group with ESI<12.05 cm2/m2 and 
4 in the group with ESI ≥ 12.05 cm2/m2; b: Except for 13 patients with hepatic 
encephalopathy at baseline including 10 in group with ESI<12.05 cm2/m2 and 
3 in group with ESI ≥ 12.05 cm2/m2; c: Except for 41 patients with in-hospital 
infection at baseline including 22 in group with ESI<12.05 cm2/m2 and 19 in 
group with ESI ≥ 12.05 cm2/m2
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Correlation of ESI with baseline characteristics
According to the median of ESI (12.05 cm2/m2), the 
patients were classified into two groups to evaluate the 
factors associated with erector spine mass in HBV-ACLF 
patients. The cut-off value of ESI calculated through 
ROC was 12.06 cm2/m2, which closely approximated 
the median. The baseline characteristics between the 
two groups were compared in Table  1. Patients with 
ESI<12.05 cm2/m2 (n = 58) showed a higher level of serum 
ammonia (P = 0.030) than those patients with ESI ≥ 12.05 
cm2/m2 (n = 60). There was no significant difference in 
age, MELD score, MELD-Na score, or other laboratory 
indicators. Further binary logistic regression analysis was 
used to determine factors independently associated with 
ESI (Table  3). The presence of hepatic encephalopathy 
(the odds ratio (OR) = 2.26, 95% confidence interval (CI): 
2.05–3.18; P = 0.006), SBP (OR = 3.95, 95% CI: 1.01–5.46; 
P = 0.037), and kidney dysfunction (OR = 4.47, 95% CI: 
1.02–9.64; P = 0.032) were independently associated with 
low ESI in HBV-ACLF patients.

Impact of ESI on the free-transplant mortality of HBV-ACLF 
patients
During the 90-day follow-up period, 30 of 58 (51.7%) 
patients with a low ESI and 16 of 60 (26.7%) patients with 
a high ESI died(P = 0.005) (Table  2). Kaplan-Meier sur-
vival analysis was conducted, and the cumulative survival 
rates were 71.0%±4.6 and 85.8%±3.9, respectively (log-
rank P = 0.003) (Fig. 2A). The hazard ratio (HR) calculated 

using univariable analysis was 2.23(95% CI: 1.25–4.21; 
P = 0.005) and further multivariable analyses showed 
that a low ESI increased the risk for death depend-
ently (adjusted HR = 2.52; 95% CI: 1.34–9.24; P = 0.011) 
(Table 4). The details about the comparison between the 
survival patients with the deceased patients and the mul-
tiple analysis were provided in Supplementary Table  2 
and Table 1, respectively.

Impact of ESI on the development of kidney dysfunction, 
hepatic encephalopathy, and in-hospital infection
In the study, there were 102 patients with the absence of 
kidney dysfunction at baseline. Among these patients, 20 
of 46 (43.5%) patients with a low ESI and 13 of 56 (23.2%) 
patients with a high ESI developed kidney dysfunction 
during the 90-day follow-up period(P = 0.029) (Table  2). 
There was a significant difference in the cumulative 
incidence rate of kidney dysfunction between groups 
(log-rank P = 0.017) (Fig. 2B). Univariable and multivari-
able analyses are shown in Table 4, indicating that a low 
ESI was an independent risk factor for kidney dysfunc-
tion (adjusted HR = 1.36; 95% CI: 1.05, 2.93; P = 0.043) 
(Table 4, and Supplementary Table 4 for details).

Furthermore, among 105 patients without the presence 
of hepatic encephalopathy at baseline, 49 patients with a 
low ESI had a higher cumulative incidence rate of hepatic 
encephalopathy compared with 56 patients with a high 
ESI as shown by Kaplan-Meier analysis (39.6% vs. 14.0%, 
P = 0.003; log-rank P = 0. 010) (Table  2; Fig.  2C), and a 

Table 3 Risk factors associated with ESI in HBV-ACLF patients
Parameters Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P 
value

Age, per year 1.01 0.97–1.07 0.566
Gender (male vs. female‡) 1.33 0.27–6.56 0.723
Bilirubin, per 1 mg/dl 1.03 0.96–1.11 0.372
Albumin, per 1 g/L 0.89 0.78–1.01 0.076
Creatinine, per 1 µmol/L 1.01 0.98–1.04 0.520
INR, per 1 unit 0.84 0.48–1.47 0.543
ALT, per 1 U/L 1.00 1.00–1.00 0.223
AST, per 1 U/L 1.00 1.00–1.00 0.597
GGT, per 1 U/L 1.00 0.99–1.01 0.673
Hemoglobin, per 1 g/L 0.99 0.97–1.02 0.557
Serum Ammonia, per 1 mmol/L 0.99 0.96–1.01 0.986
Hepatic encephalopathy (yes vs.no‡) 4.17 1.15–5.04 0.029 2.26 2.05–3.18 0.006
Sepsis (yes vs.no‡) 0.90 0.30–2.69 0.850
SBP (yes vs.no‡) 2.87 0.99–8.37 0.053 3.95 1.01–5.46 0.037
Ascites (yes vs.no‡) 1.60 0.61–2.24 0.127
Respiratory infections (yes vs.no‡) 1.24 0.40–3.83 0.711
Kidney dysfunction (yes vs.no‡) 3.11 1.06–9.18 0.040 4.47 1.02–9.64 0.032
MELD, per 1 unit 1.01 0.98–1.23 0.794
MELD-Na, per 1 unit 1.01 0.95–1.06 0.835
‡: reference value. Abbreviations. OR: odds ratio, CI: confidence interval, INR: international normalized ratio, ALT: alanine transaminase, AST: aspartate transaminase, 
GGT: γ-glutamyl transferase, HE: hepatic encephalopathy, SBP: spontaneous bacterial peritonitis, MELD: model for end-stage liver disease, MELD-Na: MELD-Sodium.
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low ESI was an independent risk factor for the develop-
ment of hepatic encephalopathy through multivariable 
analyses (adjusted HR = 2.26; 95% CI: 2.05, 3.13; P = 0.036) 
(Table  4, and Supplementary Table  5 for details). How-
ever, there was no difference in the cumulative incidence 
rate of in-hospital infection between the two groups 
(75.0% vs. 63.4%, P = 0.273; log-rank P = 0. 079; adjusted 
HR = 1.62; 95% CI: 0.60, 3.08; P = 0.138) (Fig. 2D; Table 4, 
and Supplementary Table 6 for details).

Correlation of ESI with SMI
In this study, there were 23 patients with whole abdomi-
nal CT images. The ESI and SMI at L3 of these patients 
were calculated. The average ESI and SMI were 11.7 ± 3.8 
and 39.4 ± 12.3, respectively (P = 0.231). There was a 
significant positive correlation between ESI and SMI 
(r = 0.714, P < 0.001). We also assessed the predictive abil-
ity of ESI and SMI for mortality outcomes. The areas 
under the ROC of ESI and SMI were 0.755 (0.536–0.973) 

Table 4 Cox Regression Evaluation of ESI Associated with Outcomes in HBV-ACLF patients
Outcomes ESI (cm2/m2) No. of events 

(%)
Univariate analysis Multivariate analysis*

HR (95% CI) P value HR (95% CI) P 
value

Mortality ESI<12.05 30(51.7) 2.23(1.25–4.21) 0.005 2.52(1.34–9.24) d 0.011
ESI ≥ 12.05‡ 16(26.7) 1.00 1.00

Kidney dysfunction ESI<12.05 20(43.5) 1.47(1.01–2.15) 0.017 1.36(1.05–2.93) e 0.043
ESI ≥ 12.05‡ 13(23.2) 1.00 1.00

Hepatic encephalopathy ESI<12.05 19(39.6) 2.54(1.21–5.31) 0.014 2.26(2.05–3.13) f 0.036
ESI ≥ 12.05‡ 8(14.0) 1.00 1.00

In-hospital infection ESI<12.05 27(75.0) 1.47(0.94–2.31) 0.090 1.62(0.6–3.08) g 0.138
ESI ≥ 12.05‡ 26(63.4) 1.00 1.00

‡: reference value. *: The choice of variables for the multivariable analysis was based on the results of univariable analysis and clinical correlation. d: HR adjusted by 
age, serum bilirubin, INR, hepatic encephalopathy, hyponatremia, and kidney dysfunction; e: HR adjusted by age, serum albumin, serum bilirubin; f: HR adjusted by 
serum albumin, serum bilirubin, INR, serum ammonia; g: HR adjusted by age, serum albumin, serum bilirubin, INR, presence of ascites at baseline. Abbreviations. ESI: 
erector spine index, HR: hazard ratio, CI: confidence interval, INR: international normalized ratio

Fig. 2 Kaplan–Meier curves of patients with a low ESI and patients with a high ESI level. Statistical significance was calculated by the log-rank test for (A) 
cumulative survival, (B) cumulative incidence rate of kidney dysfunction, (C) cumulative incidence rate of hepatic encephalopathy, and (D) cumulative 
incidence rate of in-hospital infection
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and 0.773 (0.563–0.983), respectively (Fig.  3). The 
ROC analysis yielded no significant results (Z=-1.449, 
P = 0.147).

Discussion
Previous research has suggested that sarcopenia was con-
sidered a clinical phenotype of malnutrition in cirrhosis 
[8], which represents the loss of muscle mass. The pre-
vailing perspective appears to have advanced beyond the 
aforementioned statement. Due to the inconvenience 
of bedside assessment tools, obtaining cross-sectional 
muscle mass measurements from scheduled abdominal 
CT imaging, which is planned for screening hepatic cell 
carcinoma, has become the overwhelming choice, and 
the skeletal muscle indices at L3 are commonly adopted. 
However, routine CT imaging of the liver is positioned 
from the top of the diaphragm to the inferior margin of 
the liver (approximately L1). A rough count of routine CT 
imaging of the liver performed during one month at our 
institution showed that approximately 85.3% (1749/2050) 
did not effectively acquire the images of the psoas muscle 
at L3, while the erector spine could be acquired at the 
upper lumbar vertebra for all CT imaging of the liver. 

Therefore, without additional scanning, which could 
increase exposure to ionizing radiation for patients, we 
aimed to evaluate the association between CT-based 
erector spine mass indicators at baseline and the progres-
sion of HBV-ACLF in this study.

In our study, an association between ESI and free-
transplant mortality was assessed in HBV-ACLF patients. 
In patients with relatively low ESI, the free-transplant 
mortality increased. We found that low levels of ESI were 
independent risk factors increasing the poor prognosis 
of HBV-ACLF, and HBV-ACLF patients with a low ESI 
had more than twice the risk of death as those with a high 
ESI. These results indicated that erector spine mass loss 
increased HBV-ACLF mortality. On the other hand, we 
found that a low ESI was associated with higher rates of 
overt hepatic encephalopathy and high serum ammo-
nia than at baseline. Furthermore, the development of 
hepatic encephalopathy also increased in patients with 
a low ESI during follow-up. Apart from the association 
with the presence of hepatic encephalopathy, patients 
with a low ESI had a high risk for the development of 
kidney dysfunction. However, erector spine loss was not 
reflected in the MELD score or MELD-Na score. The lack 

Fig. 3 ROC for evaluating mortality in patients with HBV-ACLF. The areas under the ROC (95% CI) of the ESI and SMI were 0.755 (0.536–0.973) and 0.773 
(0.563–0.983), respectively. ESI: erector spine index. SMI: skeletal muscle index
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of significant difference in erector spine loss between 
males and females in our study may be related to the 
small number of females involved and the limited sample 
size. There are no studies describing the distribution pat-
tern of the erector spine in the population, and the differ-
ences in performance by gender require further research. 
Our study showed a significant correlation of ESI with 
SMI, therefore, low ESI could be considered as an index 
that reflected loss of skeletal muscle mass or sarcopenia 
in HBV-ACLF patients.

It has been reported that sarcopenia in patients with 
cirrhosis adversely affects clinical outcomes, including 
the overall risk of death, sepsis-related mortality, worse 
health-related quality of life [20], and development of 
hepatic decompensation, such as hepatic encephalopa-
thy and infection [4, 21, 22]. In addition, it also impacted 
mortality related to treatment in patients with hepatic 
cell carcinoma [23], significant liver fibrosis [24], and 
adverse posttransplant outcomes [25, 26]. Our results 
were similar to previous studies, and loss of erector spine 
mass was considered as a risk factor related to poor out-
comes and a high prevalence of complications in HBV-
ACLF patients. Loss of skeletal muscle mass has impacts 
on reduced quality of life and longer hospital stays [20, 
27]. Muscle depletion could reduce the capacity for 
extrahepatic ammonia removal [28, 29]. These factors 
may contribute to the deterioration of the disease. The 
pathophysiological basis of the impact of the loss of skel-
etal muscle mass on the course of HBV-ACLF requires 
further evaluation.

Previous studies have demonstrated that some path-
ways related to chronic liver disease and cirrhosis 
could contribute to sarcopenia, including an imbalance 
between energy needs and intake, reduced levels of cir-
culating branched-chain amino acids leading to accel-
erated muscle breakdown, myotoxicity associated with 
systemic ammonia, dysbiosis, and disruption of media-
tors of the “liver muscle axis” [21–23]. There are poten-
tial strategies to improve sarcopenia, including specific 
amino acid supplementation, mitochondrial protection, 
and combination endurance-resistance exercise [30–33]. 
Transjugular intrahepatic portosystemic shunt placement 
was confirmed to improve skeletal muscle and fat mass 
in cirrhotic patients with sarcopenia, and the reversal of 
sarcopenia could reduce the risk of death [19]. Future tri-
als are still needed to confirm the impact of sarcopenia 
reversal on clinical outcomes.

Our study mainly demonstrated the impact of skeletal 
muscle loss on the progression of HBV-ACLF. The high-
light of this study is the finding of the effect of the ESI as 
an index associated with muscle reduction on the mor-
tality of HBV-ACLF and the development of complica-
tions. This study has some limitations. First, this study 
was designed retrospectively to explore the impact of ESI 

on the progression of HBV-ACLF, and it was dependent 
on data collected previously. Some potential factors were 
missing, such as diabetes, direct causes of death, and 
infection-related pathogen testing. We employed multi-
variate analysis to account for most of the potential con-
founding as much as feasible. Second, we only analyzed 
the correlation and predictive ability of ESI with SMI for 
a minority of patients, and the collection of these data 
involving larger populations would allow for a more com-
prehensive assessment of ESI for the diagnosis of sarco-
penia and predicting disease progression in HBV-ACLF 
patients.

In conclusion, our study showed that erector spine 
mass was significantly associated with the outcomes of 
HBV-ACLF. The risk of death, development of hepatic 
encephalopathy, and kidney dysfunction increased in 
HBV-ACLF patients with a low ESI. Therefore, HBV-
ACLF patients with low ESI need strengthened monitor-
ing due to the high risk of death and disease progression.
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