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Original Article

Backgrounds/Aims: Although body surface area (BSA)-based standard liver volume (SLV) formulae have been used for living donor 
liver transplantation and hepatic resection, hemi-liver volume (HLV) is needed more frequently. HLV can be assessed using right or 
left portal vein diameter (RPVD or LPVD). The aim of this study was to validate the reliability of using portal vein diameter ratio 
(PVDR) for assessing HLV in living liver donors.
Methods: This study included 92 living liver donors (59 males and 33 females) who underwent surgery between January 2020 and De-
cember 2020. Computed tomography (CT) images were used for measurements.
Results: Mean age of donors was 35.5 ± 7.2 years. CT volumetry-measured total liver volume (TLV), right HLV, left HLV, and percent-
age of right HLV in TLV were 1,442.9 ± 314.2 mL, 931.5 ± 206.4 mL, 551.4 ± 126.5 mL, and 64.6% ± 3.6%, respectively. RPVD, LPVD, 
and main portal vein diameter were 12.2 ± 1.5 mm, 10.0 ± 1.3 mm, and 15.3 ± 1.7 mm, respectively (corresponding square values: 149.9 
± 36.9 mm2, 101.5 ± 25.2 mm2, and 237.2 ± 52.2 mm2, respectively). The sum of RPVD2 and LPVD2 was 251.1 ± 56.9 mm2. BSA-based 
SLV was 1,279.5 ± 188.7 mL (error rate: 9.1% ± 14.4%). SLV formula- and PVDR-based right HLV was 760.0 ± 130.7 mL (error rate: 
16.2% ± 13.3%).
Conclusions: Combining BSA-based SLV and PVDR appears to be a simple method to predict right or left HLV in living donors or 
split liver transplantation. 
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INTRODUCTION

Living donor liver transplantation (LDLT) has been accepted 
as an inevitable option for management of patients with end-

stage liver failure in countries with donor shortage. Provision 
of an adequately-sized liver graft mass is essential for success-
ful LDLT. The use of small-for-size grafts with an excessively 
low graft-to-recipient weight ratio is closely associated with a 
decrease in graft survival [1]. Thus, accurate preoperative es-
timate of the graft mass is important to prevent small-for-size 
syndrome in LDLT recipients. Liver computed tomography 
(CT) is included as one of the routine preoperative imaging 
studies for living donors [1,2]. The gold standard for hemi-liver 
graft volume is direct measurement of each hemi-liver volume 
(HLV) using CT volumetry with manual or semiautomatic 
techniques [1-6]. Such type of liver volumetric measurement is 
a time-consuming procedure. Considering that portal blood 
f low into the hemi-liver is correlated with the HLV [7-9], it 
is possible to estimate volumetric proportions of hemi-livers 
using right portal vein diameter (RPVD) and left portal vein 
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diameter (LPVD). The aim of this study was to validate the re-
liability of portal vein diameter comparison method for assess-
ing HLVs in living liver donors.

MATERIALS AND METHODS

Study design and patient selection
This was a retrospective study with a prospective perfor-

mance of CT volumetry. After reviewing our institutional 
database for LDLT, 92 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 this study protocol 
(approval number: 2021-0857) and waived the requirement for 
obtaining informed consent due to the retrospective nature of 
this study. This study was performed in accordance with the 
ethical guidelines of the World Medical Association Declara-
tion of Helsinki 2013.

Measurement of total and hemi-liver volumes and portal 
vein diameters

Total liver volume (TLV), right HLV, and left HLV were 
measured through manual CT volumetry using 5 mm-thick 
dynamic CT images. CT images were stored in a Picture Ar-
chiving and Communication System (PACS; Petavision3; Asan 
Medical Center, Seoul, Korea), enabling image processing and 
various measurements, including liver volumetry and area 
measurement. Reconstructed CT portography was used to 
measure maximal diameters of the main and hemi-liver portal 
veins. Oblique, coronal, and sagittal views of reconstructed 
images were used to measure portal vein diameters. RPVD 
and LPVD were estimated at the main portal vein bifurcation. 
Maximal portal vein diameters were selected to minimize 
potential measurement bias. These measurement processes 
were performed by two surgeons (SMK and AHA) majoring in 
hepatobiliary surgery and liver transplantation.

Body surface area (BSA) was calculated using the Mosteller 
formula: BSA = [body weight (kg) × height (cm) / 3,600]0.5 [10]. 
Standard liver volume (SLV) was calculated using the following 
institutional formula: SLV (mL) = –456.3 + 969.8 × BSA (m2) 
[11].

Portal vein diameter ratio (PVDR) was calculated using max-
imal RPVD and LPVD values (mm) on CT as follows: PVDR = 
RPVD2 / (RPVD2 + LPVD2) [7]. The RPVD to the main portal 
vein diameter (MPVD) ratio (MPVDR) was calculated as fol-
lows: MPVDR = RPVD2 / MPVD2. Error rate was expressed as 
follows: error rate (%) = {[CT volumetric HLV (mL) – PVDR-
based HLV (mL)] / CT volumetric HLV (mL)]} × 100.

Statistics
Continuous numeric variables are expressed as mean with 

standard deviation and 95% confidence interval (CI) or medi-
an with range. Continuous variables were compared with Stu-

dent’s t-test. Simple linear regression analysis was performed to 
obtain the regression equation, correlation coefficient (r), and 
coefficient of determination (R2). Spearman correlation coeffi-
cient (ρ [rho]) was used for correlation analysis. A p-value < 0.05 
was considered to indicate a statistically significant difference. 
All statistical analyses were performed using SPSS version 22 
(IBM Corp., Armonk, NY, USA) and MedCalc version 20.010 
(MedCalc, Ostend, Belgium).

RESULTS

Demographic and anthropometric profiles of 92 living do-
nors are summarized in Table 1. There were 59 (64.1%) male 
and 33 (35.9%) female donors. Their mean age was 35.5 ± 7.2 
years.

Mean values of the CT volumetry-measured TLV, right HLV, 
left HLV, and percentage of right HLV to TLV were 1,442.9 ± 
314.2 mL, 931.5 ± 206.4 mL, 551.4 ± 126.5 mL, and 64.6% ± 
3.6%, respectively. Mean RPVD, LPVD, and MPVD were 12.2 
± 1.5 mm, 10.0 ± 1.3 mm, and 15.3 ± 1.7 mm, respectively. 
Their corresponding square values were 149.9 ± 36.9 mm2, 
101.5 ± 25.2 mm2, and 237.2 ± 52.2 mm2, respectively. The sum 
of RPVD2 and LPVD2 was 251.1 ± 56.9 mm2, which was not 
statistically different from MPVD2 (p = 0.087). 

The Spearman correlation coefficient ρ was 0.123 (p = 0.241) 
between the ratio of right HLV to TLV (right HLV ratio) and 
the ratio of RPVD2 to MPVD2 (MPVDR). It was 0.295 (p  = 
0.005) between the right HLV ratio and the ratio of RPVD2 
to the sum of RPVD2 and LPVD2 (PVDR). The mean PVDR 
was 59.3% ± 5.2% (Table 1). Because PVDR showed a higher 
correlation than MPVDR, this parameter was used in further 
analysis of the present study. Correlation between the right 
HLV ratio and PVDR is depicted in Fig. 1, in which r was 0.35 

Table 1. Demographic and anthropometric profiles of 92 living liver 
donors

Variable Mean ± SD Median (range)

Age (yr) 35.5 ± 7.2 36 (18–59)
Height (cm) 170.5 ± 9.2 170 (152–191)
Body weight (kg) 67.9 ± 12.2 68 (43–96)
BSA (m2) 1.79 ± 0.20 1.79 (1.35–2.22)
Body mass index (kg/m2) 23.3 ± 3.1 23 (17–32)
TLV (mL) 1,442.9 ± 314.2 1,428 (842–2,416)
BSA-based formula-derived 

SLV (mL)
1,279.5 ± 188.7 1,284 (848–1,693)

CT volumetry-based  
right HLV to TLV (%)

64.6 ± 3.6 64 (55–72)

PVDR-based right  
HLV to TLV (%)

59.3 ± 5.2 59 (41–74)

SD, standard deviation; BSA, body surface area; TLV, total liver volume; 
SLV, standard liver volume; CT, computed tomography; HLV, hemi-liver 
volume; PVDR, portal vein diameter ratio.
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and R2 was 0.12 (p < 0.001), showing the following equation: 
right HLV ratio = 0.244 × PVDR + 50.1.

Mean values of CT volumetry-measured TLV and formu-
la-derived SLV were 1,442.9 ± 314.2 mL and 1,279.5 ± 188.7 
mL, respectively (p  < 0.001; Fig. 2). The error rate of formu-
la-derived SLV compared with CT volumetry-measured TLV 
was 9.1% ± 14.4% (95% CI, 8.0%–11.4%).

Mean values of CT volumetric right HLV and SLV formu-
la-PVDR-based right HLV were 931.5 ± 206.4 mL and 760.0 ± 
130.7 mL, respectively (p < 0.001).

The correlation of right HLV ratio and PVDR is depicted in 
Fig. 3, in which r was 0.67 and R2 was 0.45 (p < 0.001), show-
ing the following equation: right HLV ratio = 1.027 × PVDR + 
144.8. The error rate of the SLV-based formula and PVDR-de-
rived right HLV was 16.2% ± 13.3% (95% CI, 13.4%–18.9%).

DISCUSSION

Results of the present study showed that the combination 
of BSA-based SLV formula and PVDR could predict the right 
HLV with an error rate of 16.2% ± 13.3%. Considering that 
the error rate of the formula-derived SLV was 9.1% ± 14.4%, it 
appeared to be reliably accurate for use in clinical practice [12]. 
This estimation method can be theoretically used for preoper-
ative living donor evaluation. However, due to recent technical 
advancement in three-dimensional volumetric measurement 
[3-6], there is no specific reason to use such a rough estima-
tion in clinical practice for LDLT. A high correlation between 
CT-volumetric HLV and actual hemi-liver graft volume/weight 
has already been demonstrated [3].

On the other hand, because the PVDR can reliably reflect the 
proportion of each HLV to TLV, this estimation method can be 
applied as a part of an initial donor screening process requiring 
rough estimation of the size of hemi-liver graft. It can also be 
applied to fields where preoperative CT volumetry is unavail-
able. For example, it can be used for split liver transplantation, 
in which preoperative abdominal CT is not routinely per-
formed. Body weight and height combined with preoperative 
or intraoperative ultrasonographic measurement of the RPVD 
and LPVD can provide a rough estimation of right and left 
HLVs. In a short Taiwanese study that estimated the hemi-liver 
graft weight for split liver transplantation with portal vein di-
ameters derived from bedside abdominal ultrasonography, the 
discrepancy between the calculated hemi-liver graft weight and 
the actual graft weight was less than 4% [13].

The rationale for HLV proportion estimation using the 
PVDR was based on the observation that the sizes of right and 
left portal veins seemed to radiologically ref lect differential 
hepatic masses of two hemi-livers. This concept was proposed 
in a Taiwanese study [7], in which sizes of the two hemi-livers 
were in parallel with the volume of blood f low and hepato-
trophic factors in the two portal veins. Sizes of the two portal 

Fig. 1. A scatter plot showing the correlation between portal vein 
diameter ratio (PVDR) and percentage of volumetric right hemi-liver 
volume (HLV) in total liver volume.
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veins and their blood flow were proportional to metabolic and 
nutritional demands of hemi-livers. This concept is indirectly 
supported by some earlier animal studies, suggesting that the 
volume of the portal blood flow is the most important factor 
for liver regeneration [8,14].

On comparing BSA-based SLV with CT volumetric TLV, the 
error rate of formula-derived SLV was 9.1% ± 14.4%, showing a 
statistically significant difference. In our previous study with 
multiple SLV formulae that had been validated to show the 
lowest error ratios [15-18], comparison between formula-based 
SLV and volumetric TLV showed error rates greater than 10% 
regardless of the SLV formula type [10]. Even when the SLV 
formula was validated with a native mother cohort, the error 
rate was 10.5%. This was primarily due to the innate wide 
variability of individual TLVs. Although individual TLVs were 
influenced by sex and body mass index, compensation for sex 
and body mass index did not decrease the range of error rates 
[11]. In the present study, the combination of formula-derived 
SLV and PVDR increased the error rate to 16.2% ± 13.3% for 
estimating the right HLV. Considering these inevitable covari-
ates of SLV, such error rates in assessing HLV seemed to be 
acceptable. An error rate less than 20% was considered to indi-
cate an acceptable actual graft volume/weight estimate [12].

BSA-based SLV and error ratio of HLV secondary to SLV are 
inevitably inf luenced by the SLV formulae. The world-first 
formula was proposed by Urata et al. [19] in 1995. The second 
formula was proposed by our team as follows: SLV (mL) = 691 
× BSA (m2) + 95 [20,21]. We also proposed the third formula 
[11], which was used in the present study. To date, the number 
of available formulae for SLV is more than 20 [11,18]. New for-
mulae are continuously being proposed worldwide [22,23].

The concept of PVDR-based HLV proportion is also useful 
for estimating the remnant left liver volume during hepato-
biliary surgery requiring right hepatectomy. Some malignant 
tumor invades the right liver and right portal vein, resulting 
in decreased RPVD with a compensatory increase of LPVD. 
Huge hepatocellular carcinoma occupying the right liver can 
also induce similar changes in the hilar portal vein system. 
Preoperative measurement of HLVs and confirmation through 
PVDR estimation would be helpful to calculate future remnant 
liver volume and hepatic parenchymal resection rate [11].

This study has a limitation that is worthy of noting. This was 
a single-center study with a relatively small number of samples. 
Further validation studies with a large number of healthy indi-
viduals are necessary to obtain more reliable results.

In conclusion, the combination of BSA-based SLV and PVDR 
appears to be a simple estimation method that can predict right 
or left HLV in living donor or split liver transplantation.
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