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ABSTRACT

Objective: In the living donor liver transplantation (LDLT) context, 
accurate estimation of the graft weight to recipient weight ratio 
(GRWR) and future donor liver remnant volume by pre-operative 
volumetric analysis is very important. We aimed to compare the 
estimated graft volume (EGV) calculated with the LiverVision® soft-
ware with the actual graft weight (AGW) measured in the back-ta-
ble in this study.

Material and Method: Patients who underwent right lobe LDLT 
and liver donors between 01.01.2018-30.05.2020 were retrospec-
tively evaluated. Demographic data, body mass index, EGV, AGW 
and GRWR were recorded. Linear regression analysis, Pearson cor-
relation coefficient and Bland-Altman plots were utilized for evalu-
ation of the relationships between continuous variables.

Results: A total of 108 liver donors were included in the study. The 
mean age of the donors was 32.6±8.8 years and mean EGV was 
902.5±147.1 mL for all donors. The mean AGW was 890.6±145.9 
g for all donors. A significant correlation was found between EGV 
and AGW for all donors (r=0.856, p<0.001). The mean difference 
between EGV and AGW was 11.9±78.5 for all donors. 105 of the 108 

ÖZ

Amaç: Canlı vericili karaciğer naklinde, alıcıda greftin alıcı ağırlığı-
na oranının (GRWR) ve vericide ameliyat sonrası kalacak karaciğer 
hacminin ameliyat öncesi hacimsel analizle doğru tahmin edilme-
si çok önemlidir. Bu çalışma ile karaciğer vericilerinde karaciğerin 
anatomik ve hacimsel analizinin yapılması için kullandığımız Li-
verVision® programı ile hesaplanmış tahmini sağ lob greft hacim-
lerinin (EGV) ameliyat sırasında arka-masada (back-table) ölçülen 
gerçek greft ağırlığı (AGW) ile karşılaştırılması amaçlanmıştır. 

Gereç ve Yöntem: Çalışmamızda 01.01.2018-30.05.2020 tarihleri 
arasında canlı vericiden sağ lob karaciğer nakli yapılmış olan hasta-
lar ve vericileri retrospektif olarak incelenmiştir. Hastaların demog-
rafik bulguları, vücut kitle indeksi, EGV, AGW ve GRWR kayıt altına 
alınmıştır. Sürekli değişkenler arasındaki ilişkiler, Pearson korelas-
yon katsayısı, doğrusal regresyon analizi ve Bland Altman grafikleri 
ile değerlendirilmiştir.

Bulgular: Ortalama yaşı 32,6±8,8 yıl olan toplam 108 karaciğer 
vericisi çalışmaya dâhil edilmiştir. Ortalama EGV tüm vericiler için, 
902,5±147,1 mL iken, ortalama AGW tüm vericiler için 890,6±145,9 
g olarak hesaplanmıştır. Tüm vericiler için EGV ile AGW arasında an-

Corresponding Author/Sorumlu Yazar: Ümit Özçelik E-mail: dr_umit_ozcelik@yahoo.com 
Submitted/Başvuru: 01.06.2021 Revision Requested/Revizyon Talebi: 17.07.2021
Last Revision Received/Son Revizyon: 20.07.2021 Accepted/Kabul: 21.07.2021

Content of this journal is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.

96

https://orcid.org/0000-0003-1073-2494
https://orcid.org/0000-0001-6705-4095
https://orcid.org/0000-0001-9445-6604
https://orcid.org/0000-0003-4763-8645
https://orcid.org/0000-0002-7278-0937
https://orcid.org/0000-0003-1395-333X


97

Experimed 2021; 11(2): 96-101
Özçelik et al.
A Comparison of Actual Graft Weight and Estimated Graft Volume Calculated with ...

INTRODUCTION

The best treatment modality for end-stage liver failure is liv-
er transplantation. In countries where deceased donor organ 
donation rates are low, as in Turkey, cadaveric graft waiting 
lists are gradually increasing in length and some of the pa-
tients unfortunately die while they are on the waiting list. Liver 
transplantation from a living donor can be the only option for 
these patients who do not have the chance of cadaveric liver 
transplantation. Liver transplantation requires a detailed exam-
ination of the donor and recipient. This examination includes 
an evaluation of the liver anatomy, parenchymal and vascular 
structure, and donor liver volume. In living donor liver trans-
plantation (LDLT), in order to perform a safe and successful sur-
gery for both donor and recipient, liver volumetric analysis of 
the donor before the operation is very important for predicting 
the graft weight to recipient weight ratio (GRWR) and residual 
liver volume. The weight of the liver is approximately 2% of the 
body weight. The weight of a liver graft which will be sufficient 
to meet the metabolic needs of the recipient body, has to be 
40-50% of the recipient’s liver weight, which corresponds to 
approximately 0.8-1% of the recipient's body weight (1). There-
fore, it is recommended that the GRWR be not less than 0.8% 
for a successful liver transplant (1,2). Small for size syndrome 
is more likely to occur if the GRWR is below 0.8% (2). This syn-
drome manifests itself with coagulopathy, long-term cholesta-
sis, ascites and graft failure (2) For the safety of the living donor, 
the remnant liver volume must be at least 30% (2).

Computed tomography (CT) is recognized worldwide as the 
best imaging modality used in the preoperative evaluation 
of liver volume. In the past, while liver volume measurements 
with CT were made 2-dimensionally and manually, today there 
are many examples of 3-dimensional (3D) software that have 
been used for this purpose. After Van Thiel et al. showed in 1985 
that there is a well-nigh relationship between water volume 
and liver weight at 250C, the volume of the liver began to be 
converted to one to one liver weight (1 mL=1 g) (3). Although 
the difference between the estimated graft volume (EGV) and 
actual graft weight (AGW) has decreased as software programs 
have developed, in many cases, the actual graft weight is de-
termined to be lower than the estimated graft volume. Due to 
this, it has been suggested that the calculations made by Van 
Thiel et al. were derived from cirrhotic livers and the density 
of non-cirrhotic livers is lower (1,4-6). Dehydration because of 

preservative solutions and differences in the plane of division 
of the liver parenchyma are other suspected causes of vol-
ume-weight mismatch in the liver graft (6). 

We used a new semi-automatic CT volumetry software called 
LiverVision® (Medivizyon, Ankara, Turkey) for anatomical and 
volumetric analysis of the liver in our liver donors. The purpose 
of our study is to compare the estimated right lobe graft vol-
umes calculated with the LiverVision® software with the actual 
liver graft weight. 

MATERIAL AND METHOD

Patients who had undergone living related right lobe liver 
transplantation in Istanbul Aydın University Hospital and 
Istinye University Hospital between 01.01.2018-30.05.2020 
and their donors were retrospectively evaluated in this study. 
The Institutional Review Board of Istanbul Aydın University 
(IRB approval number: 2020/313) approved the study protocol. 
The demographic data of the patients, body mass index (BMI), 
EGV calculated by LiverVision® software, AGW measured in the 
operation theatre and GRWR were recorded.

Preoperative CT imaging of all liver donors was performed in 
Istinye University Hospital Radiology Department with a mul-
tidetector (Philips Ingenuity 128, Philips Healthcare, The Neth-
erlands) computed tomography device. Following the precon-
trast scanning, 120-150 mL of contrast agent was injected and 
a dynamic triphasic (arterial, portal and hepatic phase) hepatic 
CT at 3 mm slice thickness was performed. A senior radiol-
ogist (Y.T.) measured the liver volumes using LiverVision® 3D 
semi-automatic volumetric software. The estimated amount of 
blood in the hepatic veins and portal venous system was also 
calculated with this software. An illustration of the 3D liver im-
age and liver volume calculation from the software is shown in 
Figure 1.

Blood-free actual graft weight was measured in the donor be-
fore the graft was perfused with preservative solution using 
a digital weight scale after removing the right lobe graft and 
draining the blood.

Statistical Analysis 
The Shapiro-Wilk test was used to determine the conformity 
of continuous variables to the normal distribution. Levene’s 
test was used to analyze the homogeneity of variances. The 
Student's t test was used to compare the mean of two inde-

(97.2%) measurements were within the 95% ranges of agreement be-
tween EGV and AGW according to the Bland-Altman plot. According to 
the regression model created to calculate the AGW, the formula AGW 
(g)=0.85xEGV (mL)+124.5 was obtained (r2=0.732, p<0.001).

Conclusion: The liver volumes of the donors were successfully estimat-
ed with computed tomography (CT) with the newly developed Turkish 
semi-automatic LiverVision® software.

Keywords: Liver transplantation, living liver donor, estimated graft vol-
ume; actual graft weight, software

lamlı bir korelasyon olduğu saptanmıştır (r=0,856, p<0,001). Bland-Alt-
man metoduna göre 108 ölçümün 105'inde (%97,2) EGV, AGW ile %95 
güven aralığı içerisinde saptanmıştır. AGW’yi hesaplamak için oluşturu-
lan regresyon modeline göre AGW (g)=0,85xEGV (mL)+124,5 formülü 
elde edilmiştir (r2=0,732, p<0,001).

Sonuç: Yeni geliştirilmiş Türk yapımı yarı otomatik LiverVision® yazılımı 
ile bilgisayarlı tomografi (BT) ile vericilerin karaciğer hacimleri başarılı 
bir şekilde tahmin edilebilmektedir.

Anahtar Kelimeler: Karaciğer nakli, canlı karaciğer vericisi, tahmini 
greft hacmi; gerçek greft ağırlığı, yazılım programı
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pendent groups where the assumptions of the parametric tests 
were met. The Mann-Whitney U test was utilized to compare 
the mean of two independent groups for variables that were 
determined as not meeting the prerequisites of the parametric 
tests. Linear regression analysis, Pearson correlation coefficient 
and Bland Altman plots were utilized for the evaluation of the 
relationships between continuous variables. A value of p<0.05 
was accepted as statistically significant. Statistical Package for 
the Social Sciences (SPSS) software for Windows version 19.0 
(IBM, Armonk, New York, United States) was used for the anal-
ysis of the data set. 

RESULTS 

A total of 108 liver donors were included in this study. Their 
mean age was 32.6±8.8 years (range; 18-55). 73 (67.6%) of 
the donors were male and their mean age was 31.3±8.6 years 
(range; 18-55). 35 (32.4%) of the donors were female and their 
mean age was 35.3±8.6 years (range; 18-52). The overall mean 
body mass index was 25.6±3.5 kg/m2 (range; 18.1-33.9) for all 
donors, while it was 25.3±3.3 kg/m2 (range; 18.1-33.2) for men 
and 26.3±3.7 kg/m2 (range; 20-33.9) for women. While there 
was no significant difference between men and women in 
terms of BMI (p=0.159), there was a significant difference re-
garding age (p=0.026). The mean estimated graft volume cal-
culated by CT was 902.5±147.1 mL (range; 630-1305) for all 

donors, while it was 926.4±152.8 mL (range; 641-1305) for men 
and 852.5±121.7 mL (range; 630-1180) for women. The mean 
estimated graft volume of men was significantly higher than 
that of women (p=0.014). For all donors, positive correlations 
were observed between EGV and height (r=0.290, p<0.01), be-
tween EGV and body weight (r=0.600, p<0.001), and between 
EGV and BMI (r=0.384, p<0.001).

The mean actual graft weight was 890.6±145.9 g (range; 600-
1360) for all donors, while it was 911.7±154.2 g (range; 600-
1360) for men and 846.4±116.8 g (range, 680-1300) for women. 
The mean actual graft weight of men was significantly higher 
than that of women (p=0.018). For all donors, there were pos-
itive correlations between AGW and height (r=0.260, p<0.01), 
between AGW and body weight (r=0.594, p<0.001) and be-
tween AGW and BMI (r=0.403, p<0.001).

For all donors, there was a positive correlation between EGV 
and AGW (r=0.856, p<0.001). This correlation was stronger in 
men (r=0.883, p<0.001), while it was slightly weaker in wom-
en (r=0.728, p<0.001). The mean difference between EGV and 
AGW was 11.9±78.5 (range; -280 to +267) for all donors, while 
it was 14.4±74.1 (range; -280 to +202) in men and 6.7±87.7 
(range; -261 to +267) in women. No significant difference was 
detected between men and women regarding the difference 
between EGV and AGW (p=0.568).

Figure 1. Illustration of 3D liver and volume calculation provided by LiverVision © program (image taken from LiverVision.org).
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According to the Bland-Altman method, 105 (97.2%) of the 108 
measurements were within the 95% ranges of agreement be-
tween EGV and AGW. In only one of 73 male donors (1.3%), EGV 
was found outside the 95% ranges of agreement, while in two 
of 35 female donors (5.7%), EGV was found outside the 95% 
ranges of agreement.

The mean GRWR was 1.22±0.35% (range; 0.73-2.4) for all pa-
tients, while it was 1.23±0.38% (range; 0.73-2.4) for men and 
1.2±0.26% (range, 0.85-2) for women. No significant differ-
ence detected between men and women in terms of GRWR 
(p=0.602).

In 78 patients (72.2%), GRWR was found to be 1% and above, 
while in 30 (27.8%) patients GRWR was found to be less than 
1%. In 50 (68.5%) of the 73 male patients, GRWR was found to 
be 1% and above, while in 23 (31.5%) patients GRWR was found 
to be less than 1%. In 28 (80%) of the 35 female patients, GRWR 
was found to be 1% and above, while in 7 (20%) patients GRWR 
was found to be below 1%. The mean difference between EGV 
and AGW was 7.6±85.4 (range; -280 to +267) for those with a 
GRWR of 1% and above, while it was 23±56.4 (range; -108 to 
+171) for those with a GRWR of less than 1%. No significant 
difference was detected between the two groups (p=0.265). In 
three (3.8%) of the 78 donors with a GRWR 1% and above, EGV 
was found outside the 95% ranges of agreement, while EGV 
was found within the 95% ranges of agreement in all 30 donors 
with GRWR of less than 1%.

According to the regression model created to calculate the ac-
tual graft weight (AGW) using EGV, the formula AGW (g) = 0.85 
x EGV (mL) + 124.5 was obtained (r2=0.732, p<0.001).

The demographic data of the donors, mean estimated graft 
volume, mean actual graft weight, mean difference between 
EGV and AGW, and mean GRWR are shown in Table 1.

DISCUSSION

Due to the low number of cadaveric donors, most of the liver 
transplants performed in Turkey consist of living related liver 

transplants. The most important factor affecting the surgical 
planning, postoperative morbidity and mortality in the LDLT 
setting is the accurate preoperative estimation of donor liver 
volume. Overestimation or underestimation of remnant liver 
volume in the donor may lead to changing the surgical resec-
tion plan, or even eliminating the donor due to insufficient 
liver volume and canceling the surgery. Many manual and 
automatic volume calculation methods were developed after 
Heymsfield et al. defined liver volume calculation for the first 
time in 1979 (7). Many organ transplant centers have started 
to use 3D CT volumetry software with developing technology 
due to faster results and smaller error margin. Although cal-
culating preoperative liver graft volume by volumetric analy-
sis has an acceptable accuracy level in predicting actual liver 
volume before surgery, it is controversial that one milliliter of 
liver equated to one gram of liver tissue (8-10). This equation 
has been criticized for being based on measurements made 
from cirrhotic livers (1,4). Some studies have revealed that the 
error rate in weight estimation with CT volumetry ranges from 
±5% to ±20% (11). Differences in the liver density, the amount 
of blood in the liver, variations in tomography machines and 
the software used for volumetric analysis, differences between 
observers, detecting more fatty liver than expected, hydration 
status when CT was performed and deviation from the desig-
nated liver cutting line were put forward as possible reasons for 
this discrepancy. 

Yoneyama et al. suggested that 1 mL liver volume in cirrhotic 
livers equals 1 gram of liver tissue, while 1 mL volume equates 
to 0.85 g liver tissue in non-cirrhotic livers (4). Sonnemans et al. 
measured liver weights during autopsies after performing 3-D 
CT volumetric analysis of the liver in the early postmortem pe-
riod, and found a perfect correlation (r=0.950) between actual 
liver weight and estimated liver volume, and they calculated 
the liver density as 0.99 g/mL (12). They found that age, gender, 
body mass index, heart failure and hepatosteatosis caused no 
difference on liver density in this cadaver series of 39 patients 
(12). Again, in an autopsy study conducted by Jackowski et al., 
liver density was found to be 1.05 g/mL (13). When previous 
studies in the literature are examined, it is seen that liver den-

Table 1. Demographic and clinical data of patients.

Donors Men Women Total p value

Patient number 73 35 108

Mean age (years) 31.3±8.6 35.3±8.6 32.6±8.8 0.026

BMI (kg/m2) 25.3±3.3 26.3±3.7 25.6±3.5 0.159

Mean EGV (mL) 926.4±152.8 852.5±121.7 902.5±147.1 0.014

Mean AGW (g) 911.7±154.2 846.4±116.8 890.6±145.9 0.018

Mean difference between EGV and AGW 14.4±74.1 6.7±87.7 11.9±78.5 0.568

Mean GRWR (%) 1.23±0.38 1.2±0.26 1.22±0.35 0.602
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sity has been reported between 0.86 and 1.13 g/mL (12). The 
reason for these differences in liver density may be due to dif-
ferences in the measurement times of the graft weight (6) be-
cause different measurement times were used in these studies 
such as immediately after the liver graft was removed (blood-
filled), after the blood was drained (blood-free) from the liver, 
after the perfusion of the graft with preservative solutions, and 
after the back-table procedures were completed (6). Graft de-
hydration after perfusion is an important factor affecting liver 
density (6). In our study, since the amount of blood in the liver 
was calculated and deducted in the volume measurements cal-
culated with CT, we measured the graft weight after the graft 
was removed and the blood was drained, and before the graft 
was perfused.

Zakareya et al. found the formula AGW (g) = 0.92 x EGV (mL) 
+ 51.48 (r2=0.651, p<0.001) in their study (1). Liu et al. found 
a similar formula - AGW (g) = 0.86 x EGV (mL) + 72.5 (r2=0.9, 
p<0.001) in their study (5). In another study by Bozkurt et al. 
AGW (g) was calculated as 0.843 x EGV (mL) (r=0.834; p=0.001) 
(2). In the study conducted by Kim et al. the mean estimated 
blood-filled right lobe graft volume was found to be 789±126.4 
mL, while the mean estimated blood-free right lobe graft vol-
ume was 713.9±114.4 mL (14). In the same study, the mean 
actual graft weight was found to be 717.8±110.4 g, and using 
the estimated blood-free right lobe graft volume, the formula 
AGW (g) = 0.88 x EGV (mL) + 88.5 (r2=0.83, p<0.001) was de-
termined (14). In the study of Hwang et al., it was suggested 
that the weight of the blood-filled liver graft was closer to the 
volume of the right lobe graft estimated by CT (15). Also, Satuo 
et al. supported this opinion and suggested that blood-filled 
graft weight correlated more closely with the estimated graft 
volume (6). These researchers suggested that although the 
amount of blood in the large vessels of the liver was calculated 
in volumetric analysis with CT, the amount of blood in the pe-
ripheral vascular bed of the liver was ignored (6).

In our study, the right lobe liver graft volumes were predicted 
with a 97.2% success rate in the measurements made by the 
LiverVision® 3D semi-automatic CT volumetry software. A pos-
itive correlation of 85.6% was found between EGV and AGW. 
This relationship was found to be stronger in men (88.3% vs 
72.8%) compared to women, but this may be due to the fact 
that the number of female donors was almost half of the males 
(73 vs 35). In order to estimate the actual graft weight, the for-
mula AGW (g) = 0.85 x EGV (mL) + 124.5 (r2=0.732, p<0.001) 
was obtained. As expected, EGV and AGW were found higher 
in men than in women. We found no significant difference be-
tween men and women regarding GRWR and the difference 
between EGV and AGW. In cases where the GRWR was less 
than 1%, we considered the possibility of surgeons shifting the 
resection line to the left lobe to remove a slightly bigger liver 
graft. Because of this, the difference between EGV and AGW 
was compared between those with a GRWR of 1% and above 
and those with a GRWR of less than 1%, but no significant dif-
ference was detected between these two groups. The only 
striking point was that all measurements made in those with 

a GRWR below 1% were determined within the 95% ranges of 
agreement. 

In conclusion, with the newly developed Turkish semi-auto-
matic LiverVision® software, liver volumes of donors can be 
successfully predicted with CT in living related liver transplan-
tation. We think that this software can be used safely in calcu-
lating the preoperative liver volume for liver donors. As the 
number of cases increases, it will be appropriate to re-evaluate 
with the results of larger series.
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