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Abstract

Background: Standard liver volume (SLV) is an important concept in 
living donor liver transplantation for treatment of end-stage liver disease. 
Accurate estimation of the SLV of living donor and recipient is crucial to 
ensure optimal graft function and avoid complications.

Objective: 1) to assess the proposed formula for calculation of SLV in 
Thai population, using computed tomography (CT) volumetric measure-
ment as a gold standard. 2) to evaluate the factors (e.g. age, sex, body 
weight and body surface area) related to differences between SLV calcu-
lated from the proposed formula and CT volumetric measurement.

Materials and methods: We evaluated 497 patients underwent con-
trast-enhanced abdominal multi-detector CT for conditions unrelated 
to hepatobiliary system with normal liver radiology between October 1, 
2014 and August 31, 2015 were included. Calculated SLV by the proposed 
formula (SLV = 20.76 x body weight) were compared to the total liver 
volume (TLV) measured from multi-detector CT by using computerized 
tool automatically. Factors related to the difference between SLV and TLV 
were evaluated.

Result: The aforementioned formula showed a high accuracy in esti-
mating the liver volume with some limitations in overweight or under-
went patients. The mean difference between SLV and TLV is 3.36 cm3 with 
SD of 224.65 cm3.

Conclusion: We proposed a new formula (“Chula’s standard liver vol-
ume”) that demonstrates a high accuracy for calculation of SLV in Thai 
population.
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Introduction

Major hepatic resection and living donor liver transplantation 
are on the rise for treatment of hepatic malignancy or patients 
with end-stage liver disease.

Standard liver volume (SLV) represents hepatic metabolic 
demand of each patient which may correlated with patient’s body 
weight (BW), body mass index (BMI) or body surface area (BSA)
[7,13]. Accurate estimation of the SLV of living donor and recipient 
is crucial to ensure optimal graft function and avoid complications 
such as liver failure in the living donor or graft dysfunction in the 
recipient [14-17].

There are several methods for liver volume assessment that 
have been reported in literatures. Tanpowpong et al. revealed 
that there is an excellent correlation between the measured 
liver volume using multi-detector computed tomography (MDCT) 
and actual liver volume measured by water replacement [10]. 
Many studies also confirmed the accuracy of CT volumetric 
measurement for liver volume assessment [18-20]. So,CT 
volumetric measurement has been recently used as a gold 
standard for liver volume assessment.

Other than the direct CT volumetric measurement of liver, 
many different formulas for calculating SLV based on body weight 
or body surface area have been developed in various countries 
[1-8].

In Thailand, Hatthapornsawan et al. found that SLV correlated 
well withbody weight [2]. However, the study was examined in 
20 autopsied livers without excluding cases with liver disease. 
Tanpowpong et al. decided to assess the accuracy of all formulas 
previously reported for SLV calculation and had developed a new 
formula to predict liver volume based on body weight in Thai 
population [1]. The suggested formula is SLV = 20.76 x body weight  
(kg) that was derived from 120 patients, and later recommended 
to use the proposed formula to calculate SLV.

Even Urata’s formula that estimates SLV from BSA in the 
Japanese population has been widely used.

Therefore, we decided to assess the accuracy of the current 
proposed “Chula’s standard liver volume” formula for calculation 
of SLV in Thai population, using CT volumetric measurement as a 
gold standard.

Materials and methods

This prospective study was approved by our institutional 
review board.  All included patients were provided an informed 
consent.Sample size of 497 was calculated at power of test 90% 
as shown below: 

α = Probability of type I error  = 0.05

	 Zα = 1.645

β = Probability of type II error = 0.1 (Power of the test 90%)

	 Zᵦ/2 = 1.645

σD = 157.0137; Standard deviation estimated from pilot study

X D = 149.734    ; Mean difference of liver volume between SLV 
calculated from the formula and using CT volumetric measurement 
(from pilot study)

δ = 126.5448  ; Acceptable error (data from expert surgeon & 
pilot study)

                                                 = 497

Patient selection

All patients undergoing contrast-enhanced MDCT of the upper 
or whole abdomen with unrelated hepatobiliary conditions and 
normal finding of the liver reported by theradiologist between 
October 1, 2014 and August 31, 2015 were included.

The patients with the following criteria were excluded: 
underlying hepatobiliary disease, previous surgery of hepatobiliary 
system, abnormal liver function test, weight loss >10% in 3 months, 
bed ridden, on parenteral nutrition, history of chemotherapy in 
the past two years, history of abdominal radiation, unavailable 
MDCT data for measuring total liver volume (TLV) by computer 
tool at work-station [1,12].

Demographic data were recorded, including gender, age, 
height, BW, BMI and BSA.

BMI and BSA were calculated by using the formulas as described 
following;

▪  Quetelet’s formula: BMI = BW(kg) / Height (m)2

▪  DuBois’s formula: BSA (m2) = BW(kg)0.425 x Height (cm)0.725 x 
0.00718

Image acquisition and total liver volume measurement

MDCT was performed using standard protocol by one of 
the CT scanners as the following; 1) Philips 64: 64 x 0.625 mm 
collimator, pitch 0.797, 0.75 sec rotation time, 2) GE healthcare: 
64 x 0.625 mm collimator, pitch 1.375, 0.5 sec rotation time, 3) 
Siemens (Somatom sensation 16): 16 x 0.75 mm collimator, pitch 
1.0, 0.5 sec rotation time, 4) Toshiba (Aquilion one): 80 x 0.5 mm 
collimator, helical pitch 65.0, 0.5 sec rotation time.

The portovenous phase MDCT images were transferred to 
work-station for (TLV) measurement by computer tool (IQQA-
liver, EDDA Technology). The liver volume was measured by the 
computer system automatically (Figure 1). TLV was corrected by 
one researcher and used as the gold standard in this study.

Standard liver volume calculation

SLV was calculated by using the Chula’s formula, which is 
developed by Tanpowpong et al. based on BW in Thai population. 
The suggested formula is SLV = 20.76 x BW (kg).
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Data analysis

Descriptive statistics were used for age, BW, height, BMI and 
BSA, shown as mean ± SD. Paired t-test was used to assess the 
correlation between calculated SLV from the Chula’s standard 
liver volume formula and TLV measured from MDCT which is 
considered as a gold standard.

Factors related to differences between SLV and TLV were 
evaluated by paired t-test, including age, gender, BW, height, BMI 
and BSA.

Data analyses were performed by using SPSS version 20.0. The 
statistical significance was considered at p-value < 0.05.

Results

 We included 497 patients, female 55.5% with mean age = 
of 52 years (SD 19). The mean (SD) of weight, height, BMI and 
BSA were 61.0 (14.6) kg, 161.2 (0.1) cm, 23.4 (4.9) and 1.6 (0.2) 
m2, respectively. The indications of CT examination are check up 
(30.4%), abdominal pain (26.2%), infection (17.1%), KUB disease 
(9.3%), other surgical conditions (6.2%), trauma (4.4%), post 
operative complication (3.6%) and deep vein thrombosis (1.2%).  
None of the patients showed any hepatobiliary conditions at CT 
examination.

The measured TLV using MDCT ranged from 315.96 to 2,674.26 
cm3 with mean (SD) = 1,270.16 (314.29) cm3. The calculated SLV 
using the Chula’s standard liver volume formula ranged from 
228.36 to 3,030.96 cm3 with mean (SD) = 1,266.80 (302.88) cm3. 
The mean TLV was higher in males than in female, mean (SD) 
of TLV in male and female are 1,354.02 (335.18) and 1,203.00 
(279.48), respectively.

In this study, the current Chula’s standard liver volume formula 
showed high accuracy in calculation of the liver volume, but slightly 
underestimated the SLV of our patients. The mean difference 
between SLV and TLV is only 3.36 cm3 with SD of 224.65 cm3. The 
correlation between SLV and TLV are shown in Figure 2.

The factors related to differences between SLV and TLV are 
shown in Table 2, SLV overestimated TLV of patients with BW>80 
or, BSA>2 and underestimated TLV of patients with BMI<18.5.

Discussion

 Previous studies showed that liver volume correlates with 
BW, height, BMI and BSA. Many formulas for calculating SLV 
have been developed in different populations [1-8]. Most of the 
existing formulas based on BW or BSA. Previous studies showed 
that SLV correlated closely with BW in Thai population [1-2,21]. 
Tanpowpong et al. suggested SLV= 20.76 x BW (kg) that was 
derived from 120 patients. So far, the proposed formula hasn’t 
been widely used by Thai physicians. Therefore, we decided to 
apply the formula to a larger population with a wider range of 
patient’s age, BW and height to assess the accuracy of the current 
Chula’s standard liver volume formula.

The difference between TLV measured from MDCT and 
SLV calculated by Chula’s standard liver volume formula was 
approximately 3 cm3 without statistical significance. Similar 
to Urata’s formula (REF) which has been widely used by Thai 
physicians, the proposed Chula’s standard liver volume formula 

slightly underestimated SLV in Thai population about 3 cm3.
The possible explanations for this underestimation are ethnic 
difference and different applied gold standard [1,9,21]. Most 
formulas derived from Asian population (i.e., Japanese, Chinese, 
Indian, and Thai) tend to underestimate SLV while those derived 
from the Western population tend to overestimate SLV.

In this study, we used CT volumetric measurement as a gold 
standard by computer tool automatically which provide compa-
rable accuracy and reproducibility as compared to the manual 
tracing method, but is more efficient [11]. Some limitations of cal-
culated SLV by the proposed formula were noted in patients with 
extreme age, weight or BMI. This formula tends to underestimate 
liver volume in young or thin patients, corresponding to Urata’s 
study which included younger patients (N=96, children=65). In 
contrast, it tends to overestimate liver volume in elderly or over-
weight patients with statistical significance. However, the number 
of patients in each aforementioned group were small.

There are some limitations in this study. First, we used 
TLV measured from MDCT as a gold standard, which shows 
slightoverestimation from the previous study [21]. However, it has 
been proven to give sufficient accuracy for assessing liver weight 
and volume [22]. Furthermore, it is less invasive and more readily 
available. Second, this study was examined in our single center 
that may not represent the entire Thai population. However, we 
included large sample size with a wide range of patients.

Conclusion

 The Chula’s standard liver volume formula is proven to give 
high accuracy in predicting liver volume. Practically it can be 
used easily, because only body weight is required (SLV = 20.76 x 
BW). However, some limitations of this formula in overweight or 
underweight patients are detected.

Figure 1: Total liver volume measurement using computer tool 
(IQQA-liver, EDDA Technology).
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Figure 2: Relationship between calculated standard liver volume and 
total liver volume.

Table 1: Standard liver volume and total liver volume.

Table 2: Factors related to the differences between calculated standard liver volume and total liver volume 
from CT as gold standard.

Gender Minimum Maximum Mean SD

Male (221)

SLV(cm3)
TLV(cm3)

228.36
315.96

3,030.96
2,674.26

1,355.32
1,354.02

316.36
335.18

Female (276)

SLV(cm3)
TLV(cm3)

311.40
417.46

2,491.20
2,672.64

1,195.92
1,203.00

272.12
279.48

Total (497)

SLV(cm3)
TLV(cm3)

228.36
315.96

3,030.96
2,674.26

1,266.80
1,270.16

302.88
314.29

Factors Number TLV (mean ± SD,cm3) Differences between mean TLV-SLV

Total 497 1,270.2 ± 314.3 3.4

Gender
Male

Female
221
276

1,354.0 ± 335.2
1,203.0 ± 279.5

-1.3
7.1

Age (years)
< 20

20-39
40-59
≥ 60

31
108
178
180

1,205.3 ± 382.2
1,287.5 ± 289.1
1,382.4 ± 334.3
1,159.9 ± 251.1

75.6
35.6
44.3
-68.9

Body mass index 
(kg/m2) 
< 18.5

18.5-24.9
≥ 25

63
286
148

1,056.1 ± 284.4
1,188.6 ± 228.5
1,518.8 ± 321.2

156.0**
3.2

-61.4 *

Body surface area  
(m2)
< 1

1-1.9
≥ 2

2
473
22

366.7 ± 71.8
1,241.4 ± 265.7
1,971.2 ± 368.0

96.8*
9.3

-134.1 *

Body weight (kg)
< 40

40-59
60-79
≥ 80

19
252
191
35

821.3 ± 234.5
1,132.7 ± 211.7
1,399.6 ± 229.4
1,797.3 ± 392.6

110.0*
45.8
-30.4

-175.5**

Height (cm)
< 150

150-159
160-169

≥ 170

49
216
168
64

1,065.0 ± 286.8
1,196.6 ± 271.5
1,341.0 ± 306.6
1,489.5 ± 317.5

34.7
6.1
4.2

-32.2

*P-value < 0.05; **P-value < 0.001
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