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Abstract:
Objective: Volumetric assessment with computed tomography (CT), known as CT volumetry, is the preferred method 

for estimating future liver remnant. However, the data regarding the usage of CT volumetry to estimate  future liver 

remnant of the diseased liver is still lacking. This study was designed to evaluate the correlation between the liver volume, 

calculated by CT, and the actual weight of the resected liver in patients who underwent orthotopic liver transplantation.

Material and Methods: A total of 32 patients having underwent liver transplantation; from March 2009 to June 2015, were 

included. A radiologist retrospectively reviewed the pre-operative CT and performed the volume measurement. Statistical 

analysis was performed to determine the relationship between the estimated liver volume and the actual liver weight.

Results: The estimated liver volume was significantly different among the cirrhosis of different etiology (p-value=0.001 

for the total liver volume and p-value=0.003 for the functional liver volume). Compared with the total liver volume, the 

functional liver volume had a stronger correlation with the actual weight of the resected liver (r=0.955 vs. r=0.786). The 

following formula can be used to accurately estimate the expected weight of the resected liver (expected liver weight: 

ELW), based on the estimated functional liver volume (FLV) derived by CT volumetry: ELW=489.531+(0.618*FLV). The 

R-squared for this regression model was 0.914.

J Health Sci Med Res 2022;40(4):437-447
doi: 10.31584/jhsmr.2021855

www.jhsmr.org



Eurboonyanun K, et al.Cirrhotic Liver: Correlation between the Actual Liver Weight and CT Volumetry 

Journal of Health Science and Medical Research                                                    J Health Sci Med Res 2022;40(4):437-447438

Conclusion: CT volumetry is reliable and accurate in predicting the actual amount of the resected liver parenchyma in 
cirrhotic patients.

Keywords: computed tomography volumetry, hepatic resection, liver surgery, liver transplantation, liver volume 

water bath filled with normal saline solution, and measuring 
the volume of the displaced liver (Archimedes' principle). 
However, this method is less practical than the liver weight 
measurement.15 
 Currently, there are several means for the estimation 
of FLR. One approach calculates the FLR from the formula 
comprising of variable clinical measurements; such as, body 

weight, height and surface area. However, the outcomes of 

most formulas are varied and relatively inaccurate.16–18 On 

the other hand, the imaging-based approach, specifically 

computed tomography (CT), is accurate and correlates well 

with the actual liver volume and weight. Many methods have 

been proposed to convert CT liver volume to the resected 

liver’s weight and volume.16,19-22

 Because, the amount of FLR required for the 

resection of a diseased liver is considerably larger than 

the amount required for the resection of a healthy liver, a 

small resection might lead to major complications. Thus, 

an accurate pre-operative estimation of the liver volume is 

crucial in this group of patients.14,23 To date, most of the data 
regarding the accuracy of CT volumetry in the liver volume 
assessment has come from studies that used normal livers 

from living donors as the reference. However, in cirrhotic 

livers, the inflammation of the liver, due to various etiologies, 
leads to the deposition of fibrosis. It is unclear whether this 
histopathological change affects the weight of the liver.24 
By assuming that the weight of a cirrhotic liver would be 

similar to a healthy liver, one might over-or underestimate 

the amount of the functioning liver.
 The accuracy of CT volumetry in diseased livers 
has not yet been widely validated, because the studies are 

Introduction
 Liver resection is the treatment of choice in patients 
with curative primary hepatic malignancies and liver 
metastasis from certain primary tumors.1–7 This surgery is 
also performed on the living donor for liver transplantation. 
Regardless of the purpose, liver resection is a major and 
complex operation, and comes with risks of complications. 

Post-hepatectomy liver failure, one of the most devastating 

complications of partial liver resection, can be found in up 

to 35.0% of patients. It is associated with a high mortality 

rate of up to 59.0%.8,9 Many risk factors are related to 

post-hepatectomy liver failure, and future liver remnant 

(FLR) is one of the most recognized. If the liver remnant 

is too small, the intra-sinusoidal pressure will increase, 

leading to severe hepatocyte damage. In general, FLR of 

<20.0% in healthy livers, FLR of <30.0% in non-cirrhotic, 

post-hepatotoxic chemotherapy livers, and FLR of <40.0-

50.0% in fatty- or cirrhotic livers are considered risk factors 

for post-hepatectomy liver failure. Thus, it is imperative to 

maintain an adequate volume of residual liver parenchyma 
to ensure the proper functionality of the liver after hepatic 
resection.8–11 For surgical-candidate patients with low 
estimated FLR, radiological or surgical interventions may be 
performed to pre-operatively increase FLR, and alleviate the 

risk of post-hepatectomy liver failure. An accurate mean of 

follow-up of liver volume after these procedures is essential 
in the treatment planning for such patients.12–14

 There are two methods for measuring the amount of 
resected liver intra-operatively: liver weight measurement 

and liver volume measurement. The volume measurement 
is usually performed by immersing the resected liver in a 
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scarce. For each patient planned for partial liver resection, 
the surgical planning could be substantially different; ranging 

from non-anatomical resection to extended lobectomy to 

trisectionectomy. Therefore, the pre-operative volume 

estimation requires a multidisciplinary assessment which 

is carefully tailored for each patient. Thus, retrospective 

CT volume estimation without such inspection might 

lead to a wrong assumption. On the contrary, using the 

whole explanted liver as a reference allows a more direct 

comparison without such confounders. The objective of this 

study was to assess the correlation between the volume 

estimated by pre-operative CT and the actual weight of the 

resected diseased liver of patients who underwent whole 

liver transplantation.

Material and Methods
 This retrospective study was reviewed and approved 

by the Institutional Ethics Committee for Human Research 

under the Helsinki Declaration and the ICH Good Clinical 

Practice Guidelines.

 All patients who underwent whole liver transplantation 

from March 2009 to June 2015 were included in this 

study. The exclusion criteria were: (1) no pre-operative 

CT available in the Picture Archiving and Communication 

Systems, (2) no record of the resected liver weight on the 

operative note, and (3) no operative note stored in the 

electronic medical records. If a single patient underwent 

multiple transplantations, only the first session would be 

included.

 Demographic and clinical data comprising of age, 

gender, liver pathology, Child-Pugh classes, indication for 

liver transplantation, and resected liver weight were obtained 

from electronic medical records. During the operation, 

after the recipient's liver was removed, the vessels of the 

resected liver would be de-clamped to release the blood 

retained in the lumen. The organ was weighed on the back 

table, using a digital scale.

 Pre-operative CT was performed using three multi-

detector computed tomography machines (Philips Brilliance 

ICT SP-128 slices, Siemens Somatom Definition Flash-128 

slices, and Siemens Somatom Plus-4 slices). Most patients 

underwent a routine dual-phase CT protocol that included 

non-contrast CT, late-arterial-phase CT (30-35 seconds 

after contrast media injection), and portal-venous-phase 

CT (70-80 seconds after contrast media injection). Some 

patients underwent additional CT angiography, with an 

early arterial phase (15-20 seconds after contrast media 

injection). The following CT findings were assessed and 

recorded by a radiologist specialized in abdominal imaging, 

with 5-years of experience in: morphologic changes of 

the cirrhosis, the presence of fatty liver, evidence of portal 

hypertension, the maximum diameter of the main portal 

vein, and the presence of space-occupying masses. The 

radiologist was blinded to the clinical data and the intra-

operative findings. Fatty liver was defined by decreased 

attenuation of liver parenchyma, lower than that of the 

spleen, on non-contrast CT images. Portal venous image 

sets (5 mm thickness, axial plane) were used for the CT 

volumetry, from which total- and functional liver volumes 

were calculated. The functional liver volume was defined 

as the whole liver volume minus the vascular structures, 

bile ducts, and focal lesions. The calculation was performed 

on the CT workstation using a semi-automated approach 

(Philips Intellispace Portal CT Liver Analysis, PHILIPS) 

(Figure 1). For this semi-automated approach, the liver 

contour would be generated after the radiologist identified 

the relevant anatomy (intrahepatic inferior vena cava, middle 

hepatic vein, right hepatic vein, left portal vein bifurcation, 

groove for ligamentum teres). Then, the radiologist would 

review and refine the liver contour to ensure that the 

segmentation was accurate.

 IBM SPSS Statistics version 21 was used for all 

statistical analyses. Categorial data (e.g., gender, Child-

Pugh classes, and the presence of liver mass) were 



Eurboonyanun K, et al.Cirrhotic Liver: Correlation between the Actual Liver Weight and CT Volumetry 

Journal of Health Science and Medical Research                                                    J Health Sci Med Res 2022;40(4):437-447440

Figure 1 Workstation screenshot

shown in number and percentage. Continuous data (e.g., 
age, portal vein diameter, and liver volume) were shown 

in mean±standard deviation (S.D.) for normally distributed 

data or median and interquartile range (IQR) for skewed 
data. The comparison of the liver volume of different groups 
was analyzed using non-parametric tests. The relationship 

between the actual liver weight and the calculated liver 

volume was assessed using linear logistic regression. 
Pearson's correlation coefficient (r) was used to evaluate the 
correlation between the total- and functional liver volume; 

and liver volume and the resected liver weight. A formula 

for the calculation of the expected liver weight, based on CT 
liver volume, was obtained. A p-value of less than 0.050 
was considered statistically significant.

Results
 Patient characteristics

 There were a total of 50 patients who underwent 
cadaveric liver transplantation during the specified period. 
Among these, eighteen patients were excluded, due to the 

following reasons: no pre-operative CT (3 patients), no 

record of liver weight in the operative notes (12 patients), 
no operative notes in the electronic medical records (3 
patients). In the end thirty-two patients enrolled into the 

study.

 Twenty-eight patients were male, and four were 
female. Hepatocellular carcinomas and liver cirrhosis were 
the two most common indications for liver transplantation; 

accounting for approximately 90.0%. Hepatitis C viral 
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infection was the commonest cause of liver cirrhosis in 

this study population, followed by hepatitis B viral infection. 

According to the Child-Pugh classification for chronic 

liver disease, the majority of patients were in class B or C. 

(Table 1).

significance (p-value=0.050). The remaining liver function 

tests were not significantly different among different Child-

Pugh classes (Table 2).

 Imaging findings

 Morphologic changes of liver cirrhosis; including, 

nodularity of the liver surface, left lobe hypertrophy, or 

caudate lobe hypertrophy, were found in 31 patients 

(96.9%). The modified caudate-right lobe ratios ranged 

from 0.49 to 1.35 (0.88±0.21 mm). There was no significant 

difference in the mean of the modified caudate-right lobe 

ratios in patients of different Child-Pugh classes. Thirty-one 

out of 32 patients (96.6%) had imaging evidence of portal 

hypertension; including, splenomegaly, enlarged portal vein, 

and varices. The main portal vein diameter ranged from 11.2 

to 19.1 mm (14.96±1.94 mm). Only three patients had fatty 

liver based on the non-contrast CT attenuation criteria.

 Computed tomography volumetric assessment

 The median time needed for volume analysis was 

18.38 (10.61-22.13) minutes. The calculated total liver 

volume ranged from 619.5 ml to 4,924.3 ml (median 

1,255.05 (980.95-1,439.75) ml), while the calculated 

functional liver volume ranged from 597.2 ml to 4,837.4 ml 

(median 1,210.05 (911.78-1,354.68) ml.). The total- and 

functional liver volumes were highly correlated with each 

other (r=0.828, p-value<0.001). There was no significant 

difference in the liver volume among patients with- and 

without HCCs (p-value=0.911 for total- and p-value=0.852 

for functional liver volume). However, the total- and 

functional liver volume were significantly different among 

cirrhosis of various etiologies (p-value=0.001 for total- 

and p-value=0.003 for functional liver volume). From this 

pairwise comparison revealed that patients with cirrhosis of 

other etiologies had a significantly larger liver volume than 

those with hepatitis B and those with hepatitis C cirrhosis. 

The liver volume was not significantly different among Child-

Table 1 Clinical information

 Clinical data  Number  %

Gender  
   Male 28/32 87.5
   Female 4/32 12.5
Age (year)  
   Range 16-63
   Median (IQR) 51 (43-54)
Indication for liver transplantation  
   Hepatocellular carcinoma 15/32 46.9
   Cirrhosis 14/32 43.8
   Acute liver failure 1/32 3.1
   Budd-Chiari 1/32 3.1
   Calori's disease 1/32 3.1
Cause of liver cirrhosis  
   Hepatitis C infection 19/31 61.3
   Hepatitis B infection 7/31 22.6
   Alcoholic 1/31 3.2
   Budd-Chiari 1/31 3.2
   Calori's disease 1/31 3.2
   Congenital hepatic fibrosis 1/31 3.2
   Secondary biliary cirrhosis 1/31 3.2
Child-Pugh classification*  
   A 5/30 16.7
   B 15/30 50.0
   C 10/30 33.3

*Excluding one patient with acute liver failure

IQR=interquartile range 

 Laboratory investigation

The direct bilirubin level in Child-Pugh class C cirrhotic 

patients was significantly higher than in class A and class B 

(p-value=0.021 and p-value=0.043, respectively. Similarly, 

the total bilirubin level in patients with Child-Pugh class C 

cirrhosis was significantly higher than patients with Child-

Pugh class A cirrhosis (p-value=0.044). The total bilirubin 

level in Child-Pugh class C patients was also higher than 

that of Child-Pugh class B patients, reaching statistical 
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Table 2 Liver function test and Child-Pugh classification

Liver function test
Child-Pugh classification

Total p-value
A (n=4) B (n=15) C (n=19)

Cholesterol+ 123.50±33.32 114.78±36.12 86.56±34.63 106.95±36.99 0.12
Total protein+ 7.27±0.61 6.33±1.29 6.41±1.68 6.49±1.36 0.47
Albumin+ 4.00±0.99 3.39±0.47 3.04±0.86 3.27±0.81 0.85
Globulin+ 3.28±1.42 2.95±1.32 3.57±2.18 3.19±1.62 0.68
Total bilirubin# 1.30 (0.60-1.78) 1.40 (0.60-3.40) 4.70 (2.30-24.40) 2.20 (1.08-5.15) 0.017*
Direct bilirubin# 0.60 (0.28-0.85) 0.90 (0.40-2.10) 2.20 (1.65-17.90) 1.55 (0.58-2.75) 0.01*
Alanine aminotransferase# 42.00 (32.25-101.25) 81.00 (60.00-121.00) 68.00 (40.50-176.00) 71.0 (50.75-162.25) 0.153
Aspartate transaminase# 39.50 (28.75-72.75) 106.00 (39.00-128.00) 51.00 (27.75-79.00) 62.0 (33.50-109.00) 0.101
Alkaline phosphatase# 90.00 (70.00-105.00) 117.00 (94.00-214.00) 97.50 (76.00-201.00) 110.0 (90.00-204.25) 0.255

+Data shown in mean±S.D., analysed by using one-way ANOVA with bonferoni correction
#Data shown in median (IQR), analysed by using Kruskal-Wallis test

Table 3 Estimated liver volume and the actual liver weight; according to subgroups

 
Factor

              Estimated liver volume by CT (ml)†

Actual weight (g)†

Total liver volume Functional liver volume

Gender
   Male Min 823.3 757.3 768.0

Max 3,821.8 3,643.5 3,045.0
Median (IQR) 1,255.1 (1,046.2-1,399.9) 1,210.1 (938.6-1,354.7) 1,251.5 (1,050.0-1,388.3)

   Female Min 619.5 597.2 709.0
Max 4,924.4 4,837.5 3,000.0
Median (IQR) 2,801.3 (652.2-4,906.3) 1,014.0 (626.3-3,956.6) 1,148.0 (795.3-2,560.5)

   p-value 1.000 0.680 0.680
Etiology of cirrhosis
   Hepatitis C infection Min 823.3 797.0 858.0

Max 1,600.0 1,511.3 1,569.0
Median (IQR) 1,284.3±(1,042.6-1,347.1) 1,232.9 (1,012.9-1,306.0) 1,220.0 (1,042.0-1,345.0)

   Hepatitis B infection Min 750.4 713.7 709.0
Max 1,450.6 1,392.1 1,405.0
Median (IQR) 1,057.1 (927.1-1,225.8) 913.8 (757.3-1,187.2) 1,128.0 (768.0-1,264.0)

   Other etiology Min 1,587.2 1,314.2 1,242.0
Max 4,924.4 4,837.5 3,046.0
Median (IQR) 3,821.8 (2,599.1-4,888.3) 3,449.0 (1,424.2-4,240.5) 2,988.0 (1,352.0-3,022.5)

   p-value 0.001* 0.003* 0.011*
Child-Pugh classification
   A Min 939.4 890.3 1,094.0

Max 1,587.2 1,534.2 1,462.0
Median (IQR) 1,347.1 (1,129.0-1,518.9) 1,292.7 (1,070.1-1,463.6) 1,317.0 (1,178.5-1,433.0)

   B Min 750.4 713.7 709.0
Max 1,600.0 1,511.2 1,568.0
Median (IQR) 1,225.8 (960.4-1,377.0) 1,187.2 (913.8-1,334.2) 1,182.0 (1,182.0-1,356.0)

   C Min 823.3 757.3 983.0
Max 4,924.3 4,837.4 3,000.0
Median (IQR) 1,126.8 (1,025.9-4,079.4) 1,082.9 (874.0-1,896.5) 1,241.0 (1,018.5-1,697.3)

   p-value 0.570 0.612 0.451

†Non-normal distribution data, CT=computed tomography, IQR=interquartile range
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Pugh classes and gender (Table 3). Note the discrepancy 

between the total- and the functional liver volume in the 

female subgroup. This discrepancy was caused by one 

particular patient who had a huge cystic liver mass, which 

was unroofed during the surgery. The total liver volume 

of this patient (which included the volume of the lesion) 

was much larger than the functional liver volume (which 

excluded the volume of the lesion) and the liver weight (the 

cyst was unroofed and emptied). This discordant case was 

labelled as the orange dot in Figure 2. There seems to be a 

relationship between the maximal portal vein diameter and 

functional liver volume, but it was not statistically significant 

(p-value=0.081). 

  There was only one patient with acute liver failure 

in our study; therefore, this patient was excluded from 

the regression analysis, because the data required for 

multivariable analysis were not available in this patient. 

Doing this also resulted in a more homogeneous population 

comprising only of patients with cirrhosis. The linear 

regression analysis showed a significant relationship 

between functional- and total liver volume and the actual 

resected liver weight (p-value<0.001). However, compared 

with the total liver volume, the functional volume was more 

closely correlated with the actual weight of the resected 

liver (r=0.955 vs. r=0.786) (Figure 2). Viral hepatitis also 

had a high negative correlation with liver weight (r=-0.753). 

Nevertheless, multivariate analysis taking into account, the 

functional liver volume, the etiology-, and the severity of 

liver cirrhosis showed that the functional liver volume was 

the only independent factor significantly associated with 

the actual liver weight. In contrast, the etiology and the 

severity of liver cirrhosis did not contribute to the prediction 

of the actual liver weight in the presence of the functional 

liver volume (Table 4). We proposed the following linear 

regression formula to predict the expected weight of the 

cirrhotic liver from the functional liver volume (R-squared 

=0.914):

 ELW = 489.531 + (0.618*FLV)

 ELW=expected liver weight, FLV=estimated functional 

liver volume

 Where ELW is the expected liver weight, and FLV 

is the functional liver volume calculated from CT.

Table 4 Correlation with actual liver weight and multivariate analysis

Factor

Correlation with actual 
liver weight

Multivariate analysis Collinearity statistics

Correlation
Coefficient (r)

p-value Coefficients 
(B)

p-value 95% confidence interval Tolerance VIF

Lower 
bound

Upper 
bound

Functional liver volume 0.955 <0.001 0.564 <0.001 0.44 0.66 0.486 2.057
Child-Pugh class 0.210 0.265 3.810 0.930 -84.80 92.42 0.951 1.051
Etiology  
(Viral hepatitis vs other)

-0.753 <0.001 -30.430 0.804 -279.77 218.91 0.491 2.037

VIF=variance inflation factor
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Figure 2 The relationship between CT liver volume and the actual liver weight

  (A) The scatter plot shows significant linear relationship between the functional liver volume and the actual 

   weight of the resected liver (R-squared=0.914; p value<0.001).

  (B) The scatter plot between the actual liver weight and the total liver volume also shows a significant linear 

   relationship, but with a lower goodness-of-fit (R-squared=0.786, p-value<0.001)

A

B
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Discussion
 Computed tomography is widely recognized as 

an accurate modality for pre-operatively estimating  liver 

volume. Previous studies reported a significant correlation 

between the predicted liver volume and the actual volume, 

or the actual weight of the liver.16,20 Unfortunately, most of 

the data were derived from healthy liver grafts of  living 

donors. There was a study on CT volumetry in patients who 

underwent partial liver resection; however, this study did 

not take the presence of liver cirrhosis into account.15 The 

data on the usage of CT volumetry in diseased livers are 

scarce. A study by Goumard et al. showed a considerable 

discrepancy between the CT volume and the weight of 

explanted cirrhotic livers, and the liver weight, volume, and 

density could differ among the different etiology of cirrhosis. 

The study found that livers with hepatitis B virus-related 

cirrhosis cirrhosis had a significantly lower volume and 

higher density than other etiologies. The study concluded 

that the volume quantification by CT might not be reliable 

in cirrhotic patients.18

 There were overlaps of liver volume and weight 

among patients with different severity of cirrhosis in 

our study, so the difference among the groups was not 

statistically significant. Similar to the previous study, we 

found that the estimated liver volume and the actual liver 

weight of patients with cirrhosis, due to viral hepatitis, 

were significantly lower than those with other etiologies. 

There was also a moderate negative correlation between 

viral-related cirrhosis and resected liver weight. However, 

the estimated liver volume, particularly the functional liver 

volume, of the diseased liver in our study was still very 

highly correlated with the actual liver weight (r=0.955, 

p-value<0.001). Furthermore,  multivariate analysis  showed 

that the etiologies and disease severity did not affect the 

ability of CT-derived FLV in the resected liver weight 

prediction. One reason for the discordance between the 

results of both studies might lie in the difference of the study 

population; nearly 90.0% of patients in the current study had 

viral hepatitis; whereas, in the prior research viral hepatitis  

accounted for just above one-third of the population. In 

addition, even though the volume and weight of livers with 

viral-related cirrhosis were smaller than any other etiology, 

the volume and weight were still correlated, and CT could 

still reflect the changes accordingly.

 Based on the findings in our study, from an 

anatomical point of view, CT is still accurate in the estimation 

of the volume and the weight of cirrhotic livers. However, 

since there was no significant relationship between the 

CT volume and the severity of cirrhosis, and it is common 

knowledge that livers with a higher degree of cirrhosis 

would function poorer than those with milder degrees, 

the application of CT volumetry on diseased livers should 

not be in the "one-size-fit-all"  criteria. Rather, a graded 

surgical approach (i.e., a larger FLR should be spared for 

patients with a higher degree of cirrhosis, and vice versa) 

or additional functional assessment should be applied in 

this group of patients. 

 Typically, 1 kg/L is generally used as the conversion 

factor for converting the estimated liver volume to the liver's 

actual weight. However, several studies suggested that this 

number might not be appropriate, and alternative methods—

ranging from a different conversion factor to a more 

complex formula—were proposed.16,19,20,25 Nevertheless, 

these suggestions came from studying normal livers and 

did not account for the presence of liver cirrhosis. In the 

current study, we proposed a formula that can accurately 

predict the weight of the resected cirrhotic liver (R-squared 

=0.914).

 Liver volume estimation using CT can be classified 

into three approaches: manual, semi-automated, and 

automated. The manual approach, in which the liver 

contour is manually drawn by hand, is considered the most 

accurate; however, it is the most time-consuming method. 

The semi-automated approach relies on users' interaction 
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and software assistance to define the liver contour. For the 

automated approach, the liver contour is fully calculated 

and outlined by the computer. The semi-automated and the 

automated approaches yielded comparable results to the 

manual measurement.26,27 In our study, we used a semi-

automated approach for the volumetric analysis. This type 

of assessment usually takes longer than the fully automated 

approach.27,28 However, the fully automated assessment is 

not possible in the setting of partial hepatic resection, in 

which the measurement needed to be tailored differently for 

each patient according to the surgical planning. Regarding 

the time needed to complete the segmentation and analysis, 

our median time was comparable to those reported for the 

same measurement approach in other studies.27,28

 The limitation of this study was the small sample 

size, and its retrospective nature. A prospective study with 

a larger population is required to validate the reliability of CT 

in the pre-operative estimation of liver volume and weight 

of pathologic livers.

Conclusion
 Computed tomography volumetric assessment 

strongly correlates, and can reliably predict the actual weight 

of the resected liver in cirrhotic patients. However, because 

the estimated liver volume and the actual liver weight did not 

correlate with the liver disease severity, a graded approach 

for surgery, or an additional functional assessment of the 

liver may be necessary for this group of patients.
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