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Comparison of skeletal muscle index-based formula and body 
surface area-based formula for calculating standard liver volume
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Backgrounds/Aims: Formula-derived standard liver volume (SLV) has been clinically used for living donor liver trans-
plantation and hepatic resection. The majority of currently available SLV formulae are based on body surface are (BSA). 
However, they often show a wide range of error. Skeletal muscle index measured at the third lumbar vertebra level 
(L3SMI) appears to reflect lean body mass. The objective of this study was to compare the accuracy of L3SMI-based 
formula and BSA-based formula for calculating SLV. Methods: The study cohort was 500 hundred living liver donors 
who underwent surgery between January 2010 and December 2013. Computed tomography images were used for 
liver volumetry and skeletal muscle area measurement. Results: The study cohort included 250 male and 250 female 
donors. Their age, BSA, L3SMI, and body mass index were 26.8±8.7 years, 1.68±0.16 m2, 45.6±9.0 cm2/m2, and 
21.7±2.5 kg/m2, respectively. The BSA-based SLV formula was “SLV (ml)=−362.3+901.5×BSA (m2) (r=0.71, r2=0.50, 
p＜0.001)”. The L3SMI-based SLV formula was “SLV (ml)=471.9+14.9×L3SMI (cm2/m2) (r=0.65, r2=0.42, p＜0.001)”. 
Correlation coefficients were similar in subgroup analyses with 250 male donors and 250 female donors. There was 
a crude correlation between L3SMI and body mass index (r=0.51, r2=0.27, p＜0.001). Conclusions: The results of this 
study suggest that SLV calculation with L3SMI-based formula does not appear to be superior to the currently available 
BSA-based formulae. (Ann Hepatobiliary Pancreat Surg 2021;25:192-197)
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INTRODUCTION

Formula-derived calculation of the standard liver vol-

ume (SLV) has been clinically used for relative graft size 

assessment for living donor liver transplantation (LDLT) 

and for calculation of the standardized parenchymal re-

section rate for major resection of cirrhotic livers.1-3 The 

majority of currently available SLV formulae are based 

on the body surface area (BSA), thus they are greatly in-

fluenced by sex, obesity, aging changes and other factors. 

Recently, skeletal muscle index measured at the third lum-

bar vertebra level (L3SMI) is known to be a surrogate 

marker of sarcopenia.4-8 L3SMI also appears to more reli-

ably reflect the lean body mass than BSA. The objective 

of this study was to compare the accuracy of the L3SMI- 

formula and BSA-based formula for calculating SLV us-

ing a high-volume living liver donor cohort.

MATERIALS AND METHODS

Study design and patient selection

This was a retrospective double-arm observation study. 

After reviewing our institutional database for LDLT, each 

250 male and 250 female donors who underwent either 

right or left hepatectomy from January 2010 to December 

2013 were randomly selected for this study. Donors who 

took preoperative donor computed tomography (CT) not 

including the pelvis were excluded because L3SMI could 

not be assessed. The institutional review board of Asan 

Medical Center approved this study protocol, which waived 

the requirement for informed consent due to the retro-

spective nature of this study. This study was performed 

in accordance with the ethical guidelines of the World 

Medical Association Declaration of Helsinki 2013.
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Table 1. Demographic and anthropometric profiles of 500 living donors

Variables

All donors 
(n=500)

Male donors 
(n=250)

Female donors 
(n=250) p-value

Mean±SD Median (range) Mean±SD Mean±SD

Age (years) 26.8±8.7 24.0 (16–56) 24.5±7.7 29.1±9.2 ＜0.001
Height (cm) 167.3±8.6 167.1 (144.2–187.6) 173.7±6.1 160.8±5.3  0.11
Body weight (kg) 60.9±9.5 59.8 (40–91.7) 66.8±8.2 55.1±6.7 0.001
Body surface area (m2) 1.68±0.16 1.67 (1.32–2.14) 1.79±0.13 1.57±0.11 0.006
Body mass index (kg/m2) 21.7±2.5 21.4 (15–31.5) 22.1±2.4 21.3±2.5 0.99
Total liver volume (ml) 1151.8±207.4 1129 (726–1926) 1260.9±192.3 1042.6±158.9 0.003
Standardized total liver volume (ml/m2) 683.8±88.9 673 (487–983) 702.5±87.1 665.0±86.8 0.72
Skeletal muscle area at L3 level (cm2) 131.8±32.7 127 (71–235) 159.1±21.3 104.5±13.6 ＜0.001
L3 skeletal muscle index (cm2/m2) 45.6±9.0 44.8 (27.0–72.4) 51.9±7.2 39.3±5.7 0.007

Anthropometric measurement and calculation

The BSA was calculated with Mosteller’s formula, which 

is simplified as “body weight (kg)×height (cm)36000.5”.9 

Body mass index (BMI) was calculated with the following 

formula: “body weight (kg)height (m)2”. L3SMI was cal-

culated as the skeletal muscle area (cm2) at the third lum-

bar vertebra levelheight (m)2. Total liver volume (TLV) 

and skeletal muscle area at the third lumbar vertebra level 

were measured by CT volumetry using 3-5 mm-thick dy-

namic CT images. CT images were stored in a Picture 

Archiving and Communication System (PACS; Petavision2, 

Asan Medical Center, Seoul, Korea), enabling image pro-

cessing and various measurements, including liver volu-

metry and area measurement.

Statistics

Continuous numeric variables are expressed as mean 

and standard deviation or as median and range. Conti-

nuous variables were compared with Student t-test. Simple 

linear regression analysis was performed to obtain re-

gression equation, correlation coefficient (r), and coefficient 

of determination (r2). Spearman correlation coefficient ( 

[rho]) was used for correlation analysis. A p value ＜0.05 

was considered statistically significant.

RESULTS

Demographic and anthropometric profiles of 500 living 

donors are summarized in Table 1. There were 250 (50.0%) 

male and 250 (50%) female donors. Their median values 

of BSA, L3SMI, and TLV were 1.67 m2, 44.8 cm2/m2, and 

1129 ml, respectively. The median value of TLV per BSA 

(standardized TLV) was 673 ml/m2. Various samples of 

skeletal muscle area measurement were presented in Fig. 1.

In all 500 donors, the correlation between TLV and 

BSA is depicted in Fig. 2A. The regression equation for 

SLV was as follows: SLV (ml)=−362.3+901.5×BSA (m2) 

(r=0.71, r2=0.50, p＜0.001). The correlation between TLV 

and L3SMI is depicted in Fig. 2B. The regression equa-

tion for SLV was as follows: SLV (ml)=471.9+14.9×L3SMI 

(cm2/m2) (r=0.65, r2=0.42, p＜0.001).

In 250 male donors, the correlation between TLV and 

BSA is depicted in Fig. 3A. The regression equation for 

SLV was as follows: SLV (ml)=−348.5+898.1×BSA (m2) 

(r=0.60, r2=0.36, p＜0.001). The correlation between TLV 

and L3SMI is depicted in Fig. 3B. The regression equa-

tion for SLV was as follows: SLV (ml)=642.1+11.9×L3SMI 

(cm2/m2) (r=0.44, r2=0.20, p＜0.001).

In 250 female donors, the correlation between TLV and 

BSA is depicted in Fig. 4A. The regression equation for 

SLV was as follows: SLV (ml)=−132.7+750.1×BSA (m2) 

(r=0.50, r2=0.25, p＜0.001). The correlation between TLV 

and L3SMI is depicted in Fig. 4B. The regression equa-

tion for SLV was as follows: SLV (ml)=504.1+13.7×L3SMI 

(cm2/m2) (r=0.49, r2=0.24, p＜0.001).

In all 500 donors, the Spearman correlation coefficient 

 was 0.72 (p＜0.001) for the correlation between TLV 

and BSA and 0.69 (p＜0.001) for the correlation between 

TLV and L3SMI. In 250 male donors,  was 0.60 (p＜ 

0.001) for the correlation between TLV and BSA and 0.43 

(p＜0.001) for the correlation between TLV and L3SMI. 

In 250 female donors,  was 0.47 (p＜0.001) for the cor-

relation between TLV and BSA and 0.53 (p＜0.001) for 

the correlation between TLV and L3SMI.
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Fig. 1. Samples of skeletal muscle area measurement at the third lumbar vertebra level (L3). (A) A 19-year-old male with body 
mass index (BMI) 20.8 kg/m2, skeletal muscle index at L3 (L3SMI) 55.6 cm2/m2, total liver volume 1210 (TLV) ml, and 
L3SMI-based standard liver volume (SLV) 1294 ml. (B) A 28-year-old male with BMI 24.6 kg/m2, L3SMI 53.2 cm2/m2, TLV 
1329 ml, and L3SMI-based SLV 1265 ml. (C) A 31-year-old female with BMI 22.5 kg/m2, L3SMI 47.5 cm2/m2, TLV 1066 
ml, and L3SMI-based SLV 1197 ml. (D) A 21-year-old female with BMI 28.9 kg/m2, L3SMI 45.1 cm2/m2, TLV 1071 ml, 
and L3SMI-based SLV 1169 ml.

Fig. 2. Scatter plots of standard liver volume formulae using body surface area (A) and skeletal muscle index (B) in 500 donors.

There was a crude correlation between L3SMI and BMI 

(Fig. 5), in which the regression equation for BMI was 

as follows: BMI (kg/m2)=15.3+0.114×L3SMI (cm2/m2) 

(r=0.51, r2=0.27, p＜0.001). The Spearman correlation co-

efficient  was 0.72 for the correlation between BMI and 

L3SMI (p＜0.001).

DISCUSSION

Currently, there are more than 16 formulae for SLV 

calculation since the first introduced in 1995 by Urata et 

al.1 We presented our first SLV formula in 199710 and the 

second formula in 2015.3 Because CT volumetry has been 

often used for liver volume assessment in patients with 

huge hepatocellular carcinoma or other hepatobiliary ma-

lignancies combined with liver cirrhosis, SLV formula de-

rived from CT volumetry was selected. However, we pre-

viously reported that comparisons between the pre-exist-

ing formula-based SLV and individual TLVs showed vol-

ume errors of more than 10%, regardless of SLV formula 

type. When our SLV formula was validated with the na-

tive mother population, the mean proportion of volume er-
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Fig. 3. Scatter plots of standard liver volume formulae using body surface area (A) and skeletal muscle index (B) in 250 male 
donors.

Fig. 4. Scatter plots of standard liver volume formulae using body surface area (A) and skeletal muscle index (B) in 250 female 
donors.

Fig. 5. Scatter plots for correlation between the skeletal mus-
cle index and body mass index in 500 donors.

ror was still 10.5%, primarily due to the innate wide vari-

ability of individual TLVs.2,3,11-13 The presence of a con-

siderable error in SLV derived from BSA-based formulae 

is natural because of obesity, BMI, sex, aging changes, 

and other factors.

In order to accurately predict the SLV, we testified the 

L3SMI-based formula for SLV calculation in the present 

study. However, unlike our expectation, SLV calculation 

with L3SMI-based formula was not superior to that with 

the conventional BSA-based formula. To the best of our 

knowledge, the present study is the first attempt to esti-

mate SLV using L3SMI.

L3SMI has been frequently studied as a surrogate 

marker of sarcopenia. Sarcopenia is defined as low L3SMI 

(lower than 41 cm2/m2 for women and lower than 53 cm2/m2 



196  Ann Hepatobiliary Pancreat Surg Vol. 25, No. 2, May 2021 www.ahbps.org

for men in Western countries).14 L3SMI has been found 

to be clinically predictive and associated with clinical 

endpoints such as survival and length of hospitalization 

in various patients’ populations including post-liver trans-

plantation and in various cancer types.4-8,15-17 According to 

the abovementioned definition, 146 (58.4%) of 250 male 

donors and 154 (61.5%) of 250 female donors were re-

garded as individuals with sarcopenia. Considering that all 

of them were regarded as normally healthy in the Korean 

society, the abovementioned definitions of sarcopenia us-

ing L3SMI should be revised to reliably apply to the 

Korean population.18

Aging processes are inevitably accompanied by struc-

tural and functional changes in vital organs. Skeletal mus-

cle, which accounts for 40% of total body weight, deterio-

rates quantitatively and qualitatively with aging. Skeletal 

muscle is known to play diverse crucial physical and met-

abolic roles in humans. Sarcopenia is a condition charac-

terized by significant loss of muscle mass and strength. 

It is related to subsequent frailty and instability in the eld-

erly population. Because muscle tissues have multiple 

functions, sarcopenia is closely related to various adverse 

health outcomes. In practical terms, various skeletal mus-

cle mass indices have been suggested for assessing sarco-

penia, including appendicular skeletal muscle mass ad-

justed for height squared, weight, or body mass index.18 

Different prevalence and clinical implications of sarcope-

nia are highlighted by each definition. Discordances among 

these indices have emerged as an issue in defining sar-

copenia. A unifying definition for sarcopenia has not been 

attained yet.18,19

This study has some limitations. This was a high-vol-

ume but retrospective single-center study. Further vali-

dation studies with a high number of healthy individuals 

are necessary to obtain more reliable results.

In conclusion, the results of this study suggest that SLV 

calculation with L3SMI-based formula does not appear to 

be superior to the currently available BSA-based formulae.
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