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Background: Formula-derived standard liver volume (SLV) has been clinically used
for living donor liver transplantation and hepatic resection. The majority of currently
available SLV formulae are based on the body surface area (BSA). However, they often show a wide range of error. Skeletal muscle index measured at the third lumbar
vertebra level (L3SMI) appears to reflect the 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 included 100 living liver donors who underwent surgery
between January 2020 and December 2020. Computed tomography images were
used for liver volumetry and skeletal muscle area measurement.
Results: The study cohort included 62 male and 38 female donors. Their age, BSA,
L3SMI, and body mass index were 35.6±6.9 years, 1.79±0.19 m2, 51.9±9.6 cm2/m2,
and 23.3±3.1 kg/m2, respectively. The L3SMI-based SLV formula was as follows:
SLV (mL)=19.7×L3SMI (cm2 /m2) +428.4 (R 2=0.375, p<0.001). The BSA-based SLV
formula was as follows: SLV (mL)=1,021.7×BSA (m2) —372.9 (R 2=0.415, p<0.001).
The mean difference from the actual total liver volume (TLV) was —2.7%±17.4%
and 2.6%±16.5% for the L3SMI- and BSA-based formulae, respectively. A formula
for the arithmetic mean of L3SMI- and BSA-based formulae was as follows: SLV
(mL)=510.9×BSA (m2) +9.9×L3SMI (cm2 /m2) +27.8”, with a mean difference of
—2.6%±15.9% from the actual TLV.
Conclusion: The results of this study suggest that the reliability of SLV calculation
with the L3SMI-based formula was not superior to that of SLV calculation with the
BSA-based formula. The formula of SLV calculation using both BSA and L3SMI
seems to deserve further validation studies.
Keywords: Standard liver volume; Body surface area; Skeletal muscle index; Body
mass index; Liver transplantation
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INTRODUCTION
Body surface area (BSA)-dependent formulae for calculation of the standard liver volume (SLV) have been clinically used for relative graft size assessment for living donor
liver transplantation (LDLT) [1,2]. These formulae are influenced by factors affecting BSA, such as sex, obesity, muscle mass, aging changes, and other factors. To enhance
the reliability of SLV formulae, various innovative methods
using anthropometric data have been attempted. One of
them is the development of a SLV formula using the skeletal muscle index (SMI) measured at the third lumbar vertebra level (L3SMI) [3]. L3SMI is reported to be a surrogate
marker of sarcopenia [4-8]. L3SMI also appears to more
reliably reflect the lean body mass than BSA. Our previous
study revealed that SLV calculation with the L3SMI-based
formula was not superior to the conventional BSA-based
SLV formulae [3]. Therefore, this study aimed to validate the
reliability of a L3SMI-formula for calculating the SLV using
a newly established living liver donor cohort.

MATERIALS AND METHODS
Study Design and Patient Selection
This was a retrospective observational study. After reviewing our institutional database for LDLT, 100 living donors who underwent either right or left hepatectomy from
January 2020 to December 2020 were randomly selected
for this study. The institutional review board of Asan Medical Center approved the study protocol, and it waived the
requirement for obtaining informed consent due to the ret-

rospective nature of this study. This study was performed
in accordance with the ethical guidelines of the World Medical Association Declaration of Helsinki 2013.
Measurement of Total Liver Volume and L3SMI
Total liver volume (TLV) was measured by computed
tomography (CT) volumetry using 5-mm thick dynamic CT
images. CT images were stored in a Picture Archiving and
Communication System (PACS) (Petavision3; Asan Medical Center, Seoul, Korea), enabling image processing and
various measurements, including liver volumetry and area
measurement. The skeletal muscle area (cm2) at the third
lumbar vertebra level was measured by a PACS (Petavision3; Asan Medical Center). L3SMI (cm2/m2) was calculated as the skeletal muscle area (cm2) at the third lumbar
vertebra level/height (m)2.
The BSA was calculated with the Mosteller formula,
which is simplified as follows: [body weight (kg)×height
(cm)/3,600]0.5 [9]. Body mass index (BMI) was calculated
with the following formula: body weight (kg)/height (m)2.
Statistics
Continuous numeric variables are expressed as mean
with standard deviation and 95% confidence interval (95%
CI), or median with range. Continuous variables were compared with the Student’s t-test. Simple linear regression
analysis was performed to obtain the regression equation,
correlation coefficient (r), and coefficient of determination
(R2). Spearman correlation coefficient (ρ [rho]) was used
for correlation analysis. A p-value <0.05 was considered
to indicate a statistically significant difference. Statistical
analyses were performed using SPSS version 22 (IBM

Table 1. Demographic and anthropometric profiles of 100 living donors
Age (yr)
Height (cm)

Mean±SD
35.6±6.9

36 (18–59)

170.4±9.2

170 (152–191)

Body weight (kg)

67.8±12.0

Body surface area (m2)

1.79±0.19

Body mass index (kg/m2)

Median (range)

23.3±3.1

68 (42–96)
1.79 (1.35–2.22)
23 (17–32)

Total liver volume (mL)

1,452.4±308.1

1,428 (842–2,416)

Standardized total liver

810.7±134.8

801 (516.3–1,260.4)

152.2±36.5

154 (85.3–223.1)

volume (mL/m2)
Skeletal muscle area at the
L3 level (cm2)
L3 skeletal muscle index
(cm2/m2)
SD, standard deviation.
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Fig. 1. A scatter plot of the standard liver volume formula using the skeletal muscle index at the third lumbar spine (L3SMI).
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Demographic and anthropometric profiles of 100 living
donors are summarized in Table 1. There were 62 male
(62.0%) and 38 female (38.0%) donors, and their mean age
was 35.6±6.9 years.
The median values of BSA, L3SMI, and TLV were 1.79
m2, 51.2 cm2/m2, and 1,428 mL, respectively. The median
value of TLV per BSA (standardized TLV) was 801 mL/m2.
The correlation between TLV and L3SMI is depicted in
Fig. 1. The correlation analysis showed that the correlation
coefficient r was 0.612 (95% CI=0.473–0.722; p<0.001)
and the Spearman correlation coefficient ρ was 0.641
(p<0.001). The regression equation for SLV was as follows: SLV (mL)=19.7×L3SMI (cm2/m2) +428.4 (R2=0.375,
p<0.001).

Total liver volume (mL)
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RESULTS

The correlation between TLV and BSA is depicted in
Fig. 2. The correlation analysis showed that the correlation
coefficient r was 0.644 (95% CI=0.513–0.746; p<0.001)
and the Spearman correlation coefficient ρ was 0.657
(p<0.001). The regression equation for SLV was as follows:
SLV (mL)=1,021.7×BSA (m2) —372.9 (R2=0.415, p<0.001).
The difference between the actual TLV and formula-derived TLV was analyzed. The mean difference was
—2.7%±17.4% (95% CI=—6.2–0.74) for the L3SMI-based
formula and 2.6%±16.5% (95% CI=—5.6–0.69) for the SLVbased formula (Fig. 3). These differences did not show a
significant difference (p=0.955).
Considering that the L3SMI- and SLV-based formulae
resulted in similar values of SLV, the following formula for
their arithmetic mean was obtained: SLV (mL)=510.9×BSA
(m2) +9.9×L3SMI (cm2/m2) +27.8. The mean difference
from the individual TLV was —2.6%±15.9% (95% CI=—5.8–
0.51) (Fig. 3), which was also comparable to that for the
SLV-based formula (p=0.977) and that for the L3SMI-based

Body mass index (kg/m )

Corp., Armonk, NY, USA) and MedCalc version 20.010
(MedCalc, Ostend, Belgium).
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Fig. 2. A scatter plot of the standard liver volume formula using the body
surface area.

Fig. 4. Scatter plots for correlation between the body mass index and
skeletal muscle index at the third lumbar spine (L3SMI).
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Fig. 3. Comparison of volume difference
percentages between the skeletal muscle
index at the third lumbar spine (L3SMI)-,
body surface area (BSA)-, and their combination-based standard liver volume (SLV) to
the actual total liver volume (TLV).
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formula (p=0.975).
The correlation between L3SMI and BMI is depicted in
Fig. 4. The correlation analysis showed that the correlation
coefficient r was 0.546 (95% CI=0.392–0.671; p<0.001)
and the Spearman correlation coefficient ρ was 0.589
(p<0.001). The regression equation for SLV was as follows:
BMI (kg/m2)=0.174×L3SMI (cm2/m 2) +14.2 (R 2=0.298,
p<0.001).

DISCUSSION
Moore than 16 formulae for SLV calculation have been
proposed following its first introduction in 1995 [1]. We presented our first SLV formula in 1997 [10] and the second
formula in 2015 [11]. In the field of LDLT, the concept of SLV
was adopted to estimate the native liver volume in patients
with advanced liver cirrhosis. We previously reported that
comparisons between the pre-existing formula-based SLVs
and actual individual TLVs showed volume errors of more
than 10%, regardless of the SLV formula type, primarily due
to wide inter-individual variability of TLVs [2,11-14]. Such
large errors in SLV estimation based on the BSA-based
formulae are natural because BSA is greatly influenced by
obesity, BMI, sex, aging changes, and other factors.
To improve the accuracy of SLV prediction, we testified the L3SMI-based formula for SLV calculation in our
previous study [3]. SLV calculation with the L3SMI-based
formula was not superior to that with the conventional
BSA-based formulae. In contrast, there is a possibility that
L3SMI may more reliably reflect the lean body mass than
BSA. Thus, in the present study, we aimed to validate the
reliability of a L3SMI-formula for calculating the SLV using
a newly established living liver donor cohort. Unlike the results of our previous study, the present study revealed that
SLV estimation using the L3SMI-based formula was statistically comparable to that using the BSA-based formula.
Considering that the L3SMI- and BSA-based formulae
resulted in similar values of SLV, a formula for the arithmetic mean of L3SMI- and SLV-based formulae was derived,
which showed a mean difference of —2.6%±15.9% from the
individual TLV, which was also comparable to that for the
SLV-based formula (p=0.977) and that for the L3SMI-based
formula (p=0.975). Considering that the L3SMI- and SLVbased formulae resulted in similar values of SLV, a new formula for their arithmetic mean was derived as follows: SLV
(mL)=510.9×BSA (m2) +9.9×L3SMI (cm2/m2) +27.8. The
mean difference from the individual TLV was —2.6%±15.9%,
which was also comparable to that for the SLV-based for-
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mula (2.6%±16.5%) and that for the L3SMI-based formula
(—2.7%±17.4%). This new concept of SLV calculation using
both BSA and L3SMI seems to deserve further validation
studies.
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 for
men in Western countries) [15]. L3SMI has been found to
be clinically predictive and associated with clinical endpoints, such as survival and length of hospitalization in various patient populations including post-liver transplantation
and in various cancer types [4-8,16-18]. In contrast, there
is a significant difference in body dimensions between
healthy individuals in the Western and Eastern countries,
with the latter having less muscle mass. The reference values of L3SMI for the definition of sarcopenia in the Korean
population have not yet been proposed [19]. According to
the Western country criteria for sarcopenia, the majority of
our living donors were classified as sarcopenic.
Aging processes are inevitably accompanied by structural and functional changes in vital organs. Skeletal muscle,
which accounts for 40% of the total body weight, deteriorates quantitatively and qualitatively with aging. Sarcopenia
is a condition characterized by significant loss of muscle
mass and strength. It is related to subsequent frailty and
instability in the elderly population. Because muscle tissues have multiple functions, sarcopenia is closely related
to various adverse health outcomes. Different prevalence
and clinical implications of sarcopenia are highlighted by
each definition. Discordances among these indices have
emerged as an issue in defining sarcopenia. A unifying
definition for sarcopenia has not yet been attained [20].
In the field of LDLT, sarcopenia can be a confounding
variable for calculation of SLV. An international study investigated whether liver transplant candidates with sarcopenia are at an increased risk of receiving an inappropriate
SLV estimation by the standard body weight (BW)-derived
SLV formula [21]. Non-BW-SLV estimation formulas were
tested in 262 LDLT donors and compared to the standard
BW-SLV formula. The anthropometric parameters used
were the thoracic width (TW-SLV) and thoraco-abdominal
circumference (TAC-SLV). Subsequently, sarcopenic and
non-sarcopenic LDLT candidates were compared in terms
of estimated BW-SLV and non-BW-SLV. In donors, TW-SLV
showed comparable concordance with CT scan-measured
TLV as BW-SLV. The performance of TAC-SLV was low. In
recipients, the prevalence of pretransplant sarcopenia was
30.4%. Sarcopenic patients were attributed a significantly
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lower BW-SLV than non-sarcopenic patients, despite comparable TW-SLV, age, body height, and gender prevalence.
As a result, sarcopenic patients received a graft with a statistically lower weight at organ procurement and more frequently developed a small-for-size syndrome. The authors
suggested that, in sarcopenic patients, BW-SLV formulas
are affected by high risk of SLV underestimation, thus exposing them to increased risk of posttransplant small-forsize syndrome [21].
This study has a limitation worth noting. This was a
retrospective single-center study with a relatively small
number of samples. Further validation studies with a high
number of healthy individuals are necessary to obtain more
reliable results.
In conclusion, the results of this study suggest that the
reliability of SLV calculation with the L3SMI-based formula
was not superior to that of SLV calculation with the BSAbased formula. The formula of SLV calculation using both
BSA and L3SMI seems to deserve further validation studies.
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