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Calculation of standard liver volume in Korean adults with 
analysis of confounding variables
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Backgrounds/Aims: Standard liver volume (SLV) is an important parameter that has been used as a reference value 
to estimate the graft matching in living donor liver transplantation (LDLT). This study aimed to determine a reliable 
SLV formula for Korean adult patients as compared with the 15 SLV formulae from other studies and further estimate 
SLV formula by gender and body mass index (BMI). Methods: Computed tomography liver volumetry was performed 
in 1,000 living donors for LDLT and regression formulae for SLV was calculated. Individual donor data were applied 
to the 15 previously published SLV formulae, as compared with the SLV formula derived in this study. Analysis for 
confounding variables of BMI and gender was also performed. Results: Two formulae, “SLV (ml)=908.204×BSA–464.728” 
with DuBois body surface area (BSA) formula and “SLV (ml)=893.485×BSA–439.169” with Monsteller BSA formula, 
were derived by using the profiles of the 1,000 living donors included in the study. Comparison with other 15 other 
formulae, all except for Chouker formula showed the mean volume percentage errors of 4.8-5.4%. The gender showed 
no significant effect on total liver volume (TLV), but there was a significant increase in TLV as BMI increased. 
Conclusions: Our study suggested that most SLV formulae showed a crudely applicable range of SLV estimation for 
Korean adults. Considering the volume error in estimating SLV, further SLV studies with larger population from multiple 
centers should be performed to enhance its predictability. Our results suggested that classifying SLV formulae by BMI 
and gender is unnecessary. (Korean J Hepatobiliary Pancreat Surg 2015;19:133-138)
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INTRODUCTION

During the last 3 decades, the demand for liver trans-

plantation (LT) has gradually increased due to expansion of 

its indications. Because of the relative shortage of deceased 

donor organs, LT cases using living donor grafts and split 

grafts have increased to help solve the organ shortage.

The concept of standard liver volume (SLV) emerged 

after the introduction of living donor LT (LDLT). It is 

an important parameter that is used as a reference liver 

volume to estimate the graft size matching, because poten-

tial LT recipients’ native livers are often shrunken due to 

advanced liver cirrhosis. Small-for size graft syndrome, 

which causes graft failure, is a serious complication in 

LDLT.1,2 Accurate pretransplant estimation of the recipi-

ent SLV is crucial to reduce such graft volume-associated 

complications. Furthermore, it is important to determine 

the most suitable formula to predict SLV reliably.

In 1995, Urata et al.2 derived a simple linear equation 

that estimates SLV by using the body surface area (BSA) 

of Japanese population without liver abnormalities. 

Subsequent studies from various countries suggested dif-

ferent formulae that include different factors for SLV, 

such as body weight, age, height, and gender.

In the present study, based on our institutional high-vol-

ume database of LDLT, we attempted primarily to de-

termine a reliable SLV formula for Korean adult patients 

and compare the equation with SLV formulae from other 

studies. Secondly, we also assessed the impact of the con-

founding variables of gender and body mass index (BMI) 

to determine the difference in the total liver volume (TLV) 

according to such variables.
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Table 1. Demographic and anthropometric profiles of 1,000 living donors

Variable Mean±SD Median (range)

Gender
Age (years)
Body Height (cm)
Body weight (kg)
BSA by Mosteller formula (m2)
BSA by DuBois formula (m2)
BMI (kg/m2) 
Right liver volume (ml)
Left liver volume (ml)
Caudate lobe volume (ml)
Total liver volume (ml)
Right liver volume proportion (%)
Fatty change on liver biopsy (%)
ICG-R15 (%)

Male: 789
28.1±8.8

170.0±8.4
 66.4±10.81
1.77±0.18
1.76±0.17
22.9±2.71

745.4±155.1
373.8±81.8
20.2±5.97

1139.39±218.4
65.3±3.9
4.4±5.7
9.0±3.6

Female: 211
26.0 (16-59)

  171 (144.2-196.7)
 65.6 (40.3-115.4)
1.77 (1.33-2.45)
1.76 (1.35-2.40)
22.8 (15.0-33.1)
729 (405-1545)
365 (178-776)
20 (7-35)

1117.5 (693-2304)
65.9 (50.1-82.4)

2 (0-40)
  8.7 (0.03-26.72)

BSA, body surface area; BMI, body mass index; ICG-R15, indocyanine green retention rate at 15 minutes

MATERIALS AND METHODS

Selection of living donors

A total of consecutive 1,000 living donors (789 males 

and 211 females) from our institutional database of 

LDLT, who underwent right or left liver donation between 

December 2009 and July 2013 were enrolled in the study. 

Donor demographics (age and sex) and anthropometric 

data (body weight, body height, and BMI) were recorded 

at the time of admission for LDLT. Non-Korean donors 

were excluded from the study.

Anthropometric measurement and calculation

BSA was calculated by using 2 formulae i.e., the 

DuBois and Mosteller formulae.3 BSAs obtained from 

these 2 formulae are very similar each other and thus 

interchangeable. Mosteller formula is a simplified form of 

DuBois formula: The equations were as follows:

DuBois formula: BSA (m2)=0.007184×height (cm)0.725 

×body weight (kg)0.425

Mosteller formula: BSA (m2)=[body weight (kg)×height 

(cm)/3600]1/2

BMI was calculated as body weight (kg) divided by 

[height (m)]2 (BMI=kg/m2). Using the World Health 

Organization (WHO) standard for Asian populations,4 do-

nors were categorized as underweight (BMI＜18.5 kg/m2), 

normal and overweight (18.5 kg/m2≤BMI＜25.0 kg/m2), 

and obese (BMI≥25.0 kg/m2). TLV was measured by com-

puted tomography (CT) volumetry using 3-mm-thick dy-

namic, contrast-enhanced, multidetector CT images. The 

CT images were stored in the Picture Archiving and 

Communication System (PACS; Petavision2, Asan Medical 

Center, Seoul, Korea), enabling image processing and vari-

ous measurements, including liver volumetry. Volumes of 

the right liver, left liver, and caudate lobe were measured 

separately by using the portal-phase CT images.

Statistics

After testing for normal distribution using kurtosis and 

skewness tests, continuous numeric variables were ex-

pressed as mean and standard deviation (SD), and median 

and range. Scatter plots with fitted lines were used to il-

lustrate the correlation between TLV and BSA. Simple 

linear regression analysis was presented with a regression 

equation, correlation coefficient (r), and coefficient of de-

termination (r2). Significance between BMI group strat-

ifications was determined by Kruskal-Wallis test. The es-

timated standard TLV calculated by using each of pre-

viously published formula was compared with the calcu-

lated liver volume of each donor by 2-sided paired-sample 

Student’s t test. The statistical significance was set at 

p-value＜0.05 for all tests. Statistical analyses were per-

formed with SPSS version 18.0 (SPSS Inc., Chicago).

RESULTS

Liver volume profiles of living donors

The demographic and anthropometric profiles of the 

1,000 living donors were summarized in Table 1. The ma-

jority of the donors were male (79.7%) between 20 to 30 
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Fig. 1. Scatter plots showing the correlation between total liver volume and body surface area with DuBois formula (A) and
Mosteller formula (B). The solid line indicates the regression equation and the adjacent dotted lines indicate 95% prediction
regression bands.

Table 2. Correlation between total liver volume (TLV) and body surface area (BSA) and the regression equation for standard 
liver volume (SLV)

Criteria BSA formula Regression equation for SLV (ml) r r2 p-value

Donor SLV (n=1,000)
 
  BMI＜18.5 (n=33)
 
  BMI 18.5-25 (n=769)
 
  BMI＞25 (n=198)
 
Male SLV (n=798)
 
  BMI＜18.5 (n=26)
 
  BMI 18.5-25 (n=612)
 
  BMI＞25 (n=151)
 
Female SLV (n=211)
 
  BMI＜18.5 (n=7)
 
  BMI 18.5-25 (n=157)
 
  BMI＞25 (n=47)
 

DuBois
Mosteller
DuBois
Mosteller
DuBois
Mosteller
DuBois
Mosteller
DuBois
Mosteller
DuBois
Mosteller
DuBois
Mosteller
DuBois
Mosteller
DuBois
Mosteller
DuBois
Mosteller
DuBois
Mosteller
DuBois
Mosteller

SLV=–464.728+908.204*BSA
SLV=–439.169+893.485*BSA
SLV=–123.032+662.292*BSA
SLV=–123.469+673.898*BSA
SLV=–332.653+827.516*BSA
SLV=–348.099+838.351*BSA
SLV=–461.770+926.744*BSA
SLV=–500.544+935.932*BSA
SLV=–508.604+931.824*BSA
SLV=–483.298+917.428*BSA
SLV=–333.050+799.224*BSA
SLV=–332.606+806.230*BSA
SLV=–352.078+836.761*BSA
SLV=–368.577+848.139*BSA
SLV=–540.721+971.476*BSA
SLV=–578.819+980.138*BSA
SLV=–317.998+828.558*BSA
SLV=–288.543+810.988*BSA
SLV=825.143+32.794*BSA
SLV=840.833+22.637*BSA
SLV=–285.226+807.357*BSA
SLV=–298.138+816.995*BSA
SLV=–177.602+763.876*BSA
SLV=–212.466+772.094*BSA

0.716
0.723
0.606
0.597
0.649
0.654
0.66

0.661
0.722
0.731
0.707
0.694
0.655
0.661
0.657
0.658
0.692
0.695
0.036
0.03
0.627
0.629
0.673
0.671

0.512
0.523
0.368
0.357
0.421
0.427
0.436
0.437
0.521
0.534
0.499
0.482
0.428
0.437
0.431
0.433
0.479
0.484
0.001
0.001
0.394
0.395
0.453
0.451

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.939
0.960
0.000
0.000
0.000
0.000

years of age (72% were within the range of 20-39 years). 

Of them, 77% of the donors were normal to overweight 

(BMI=18.5-24.9 kg/m2) and 19.7% were obese (BMI over 

25 kg/m2). At the time of surgery, right liver grafts (88.1%) 

were used more frequently than left liver grafts (11.9%).

The median values of BSA according to the Mosteller 

and DuBois formulae were 1.77 m2 and 1.76 m2, re-

spectively, and showed no difference between the 2 equa-

tions (p=0.338). The median values of TLV and TLV per 

BSA (standardized TLV) were 1117.5 ml and 632.4 ml/m2 

on Mosteller formula and 631.8 ml/m2 on DuBois for-

mula, respectively. The mean volume of the right liver 

was 745.4±155.1 ml and occupied 65.2% of the whole 

liver. The correlation between TLV and BSA according 

to both Mosteller and DuBois formulae (Fig. 1) with the 

regression equation for SLV was depicted in Table 2. The 
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Fig. 2. Scatter plots showing the correlation between total liver volume and body surface area in male donors (A) and female
donors (B). Solid lines indicate regression equations.

Table 3. Comparison of the accuracy by using other formulae with our donor profiles

Study Formulae Mean±SD p Mean % 
difference

Mean % 
error

DeLand and North5

Urata et al.2

Noda et al.6

Lin et al.7

Heinemann et al.8

Vauthey et al.9

 
Yoshizumi et al.10

Yu et al.11

Choukèr et al.12

Johnson et al.13

Hashimoto et al.14

Chan et al.15

Yuan et al.16

Fu-Gui et al.17

Poovathumkadavil et al.18

Present study

1020×BSA–220
706.2×BSA+2.4
50.12×BW0.78

BH×13+BW×12–1530
1072.8×BSA–345.7
18.51×BW+191.8
1267.28×BSA–794.41
772×BSA
21.585×BW0.732×BH0.225

452+16.434×BW+11.85×age–166×sex factor*
1000 (0.72√BSA+0.171)3

961.3×BSA–404.8
12.29×BW+50.74×sex factor†+218.32
949.7×BSA–48.3×age factor‡–247.4
11.508×BW+334.024
12.26×BW+555.65
893.485×BSA–439.169

1582.04±180.19
1250.05±124.75
1319.53±167.47
1476.50±220.13
1549.63±189.51
1421.76±200.21
1444.51±223.87
1363.90±136.38
1476.00±187.48
1841.51±212.13
1438.45±182.87
1293.53±169.82
1074.65±135.35
1377.07±170.47
1098.38±124.42
1369.95±132.55
1139.36±157.84

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
　 

41.6
12.1
17.9
31.6
38.5
26.8
28.6
22.3
31.9
65.3
28.5
15.5
–3.9
23.1
–1.7
22.9

1.6

4.82
4.89
4.79
5.35
4.88
4.97
5.20
4.82
5.21
6.06
4.83
4.79
4.89
4.83
4.90
4.85
4.78

BW, body weight (kg); BH, body height (cm); BSA, body surface area (m2). *sex factor: F=1, M=0. †sex factor: M=1, F=0. 
‡age factor: age ＜40=1, 41-60=2, ＞60=3

regression equation for SLV was further divided accord-

ing to gender and BMI.

The mean standardized TLV between two genders 

showed no statistically significant difference (641.9±87.7 

ml/m2 in male and 644.4±87.4 ml/m2 in female; p=0.716). 

Analyzing according to BMI, the mean standardized TLV 

showed statistically significant differences (590.7±64.1 

ml/m2 for BMI＜18.5, 636.6±86.0 ml/m2 for BMI 

18.5-24.9, and 673.8±88.6 ml/m2 for BMI≥25; p=0.000), 

indicating that individuals with a higher BMI have a larg-

er liver. In male donors, the correlation among stand-

ardized mean TLV and BMI showed statistically sig-

nificant differences (589.3±61.4 ml/m2 for BMI＜18.5, 

635.2±84.8 ml/m2 for BMI 18.5-24.9, and 678.3±92.5 

ml/m2 for BMI≥25; p=0.000). In contrast, female donors 

had no significant difference in the liver size with in-

creases in BMI (596.2±77.9 ml/m2 for BMI＜18.5, 

642.0±91.0 ml/m2 for BMI 18.5-24.9, and 659.5±73.4 

ml/m2 for BMI≥25; p=0.082) (Fig. 2).
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Comparison of different SLV formulae to estimate 

the liver size

Based on the anthropometric data, the liver volumes 

were calculated with previously published formulae 

(Table 3).2,5-18 Comparing with the individual TLVs of our 

donors’ data, our formula resulted in a mean percentage 

of volume difference [(SLV-individual TLV)/individual 

TLV)×100%] of 1.6±12.9% and a mean percentage of 

volume error (absolute value of percentage of volume dif-

ference) of 4.8%. Appling our donor profiles to the other 

16 formulae, the mean percentage of volume error was 

greater, ranging from 4.8% to 6.1%. The mean pro-

portions of volume difference calculated using these for-

mulae ranged from –3.9% to 65.3%. The Chan formula 

resulted in the most underestimation and the Chouker for-

mula in the most overestimation. In comparison, Yu for-

mula, another formula that used Korean population’s data 

resulted in overestimation by a mean percentage volume 

error of 5.2%.

DISCUSSION

Improvement in the preoperative evaluation for LDLT 

resulted in better outcome in recipient side and reduced 

donor complications. The introduction of SLV by Urata 

et al.2 in 1995 contributed to the evaluation of LDLT. 

Currently, there are several published formulae for SLV 

estimation. Applying the donor data from this study to the 

previously published formulae indicated that Chan and 

Fu-Gui formulae underestimated the TLV while all the 

other formulae overestimated it. Except for Chouker for-

mula, that showed 6.1% of mean percentage volume error, 

the mean percentage volume error using other formulae 

ranged from 4.8% to 5.4%. The use of our formula re-

sulted in mean percentage volume error of 4.8%, while 

the other formulae also yielded crudely acceptable SLV 

estimation for Korean adults.

Yu formula, derived from the data of Korean pop-

ulation in 2004,11 overestimated the volume by 5.2% of 

mean percentage volume error. This difference might de-

rive from the postmortem calculations of liver weight of 

children to adults, because in children, the liver vol-

ume/body weight ratio increases as age decreases. There 

also might be some non-negligible differences between 

postmortem liver weight and CT volumetry.

Subdividing individual TLV by the gender showed no 

difference between the 2 genders. The SLV formulae de-

rived by each gender showed mean percentage volume er-

ror for male and female as 5.3% and 14.3%, respectively, 

indicating that the total donor SLV formulae have a higher 

accuracy in estimating SLV than dividing by the gender. 

Individual TLV stratified according to BMI showed that 

higher BMI have larger liver, and the regression formulae 

for underweight had mean percentage error of 5.4%, but 

normal and overweight was ＞10% (10.3% and 16.6%, re-

spectively). Further subdividing by gender and BMI, ex-

cept for male obese donors, showed mean percentage error 

of ＞10%. These results indicated that a specific formula 

for each criterion is inefficient and incorrect, as compared 

to that derived from a larger population study.

Recently, we reported another SLV formula using data 

of 2,155 living donors as “SLV (ml)=–456.3+969.8×BSA”.19 

This formula differed slightly from the formula of the 

present study, although the sample number was suffi-

ciently large in our precedent and present studies.

One of the limitations of this study was the relative 

lack of female donor data. Standard TLV between genders 

showed no significant difference; however, in actuality, 

males tend to donate more often in the Korean culture.

In conclusion, our study suggested that nearly all for-

mulae except Chouker formula show a crudely applicable 

range of SLV estimation for Korean adults. Considering 

the volume error in estimating SLV, further SLV studies 

with larger population from multiple centers should be 

performed to enhance its predictability. Our results also 

suggested that classifying SLV formulae by BMI and gen-

der is unnecessary.
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