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1. Introduction 
Cirrhosis is a chronic and progressive disease defined as a 
deterioration in the anatomical structure of the liver due to 
fibrosis and nodularization. In liver cirrhosis, the spleen 
enlarges as liver volume and pressure in the portal circulation 
increase. Decreased platelet count and accompanying 
splenomegaly in patients with chronic liver disease may be 
considered diagnostic for cirrhosis. In the early stage of liver 
cirrhosis (A), hepatomegaly is seen, whereas in the later stages 
(B-C), the liver shrinks in both weight and volume due to the 
increase in fibrous tissue and shrinkage of the liver. Therefore, 
hepatomegaly and splenomegaly often appear together (1-3). 

The Child-Pugh score (CPS) is considered the gold 
standard for determining the prognosis of liver cirrhosis. 
Making a diagnosis of cirrhosis is critical for guiding the 
treatment process, determining prognosis, and for individuals 
with chronic liver disease (4, 5). According to this 
classification, patients are divided into three classes: A, B, and 
C. These classes directly impact the functional ability and 

anatomical changes of the liver. In Child-Pugh A class, there 
may be mild fibrosis of the liver structure, but nodular 
regeneration is minimal. Liver size is usually normal or slightly 
enlarged. In the spleen, splenomegaly is rare, and signs of 
portal hypertension are usually absent. In the Child-Pugh B 
class, fibrosis and nodular structure are more prominent in the 
liver. The surface of the liver may be hardened and 
asymmetrically enlarged. Splenomegaly occurs in the spleen 
due to portal hypertension. The liver is markedly shrunken, 
nodular, and hard in the Child-Pugh C class. Fibrosis is 
advanced. Splenomegaly is severe in the spleen (6-8). Accurate 
measurement of liver and spleen volumes is necessary to 
diagnose hepatomegaly and splenomegaly in the clinic. Many 
studies in the literature examine the effect of varying volumes 
of organs on clinical pictures (9-11).  

Multidetector computed tomography (MDCT), 
ultrasonography (USG), and magnetic resonance imaging 
(MRI) techniques are used for radiologic evaluation of the liver 
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Abstract 
In the early stages of liver cirrhosis, hepatomegaly is observed, while in the later stages, enlargement of the spleen is observed due to shrinkage of 
the liver and increased pressure in the portal circulation. This study examined liver and spleen volumes and their proportional relationship in healthy 
controls (HC) and patients with liver cirrhosis (LC) using computed tomography (CT) images. CT images from 52 LC patients (26 females, 26 
males) and 52 HC individuals (26 females, 26 males) aged 18 to 85 years were analyzed. Liver and spleen volumes, as well as spleen/liver+spleen 
volume ratio were calculated using the Cavalieri principle. Volume and ratio data were compared between the HC and LC groups. In addition, 
volumes and ratios were analyzed according to the disease classes in patients. Liver volume was greater in LC patients (1488.9 ± 502.3 cm3) than in 
HC individuals (1321.8 ± 277.1 cm3) (p = 0.038). Spleen volume was significantly greater in LC patients (676.8 ± 347.02 cm3) than in HC individuals 
(249.37 ± 101.16 cm3) (p < 0.001). The spleen/liver+spleen volume ratio was significantly higher in LC patients (30.75 ± 12.22%) than in HC 
individuals (15.68 ± 5.09%) (p < 0.001). No significant difference in volume ratios was observed between LC and HC groups based on sex (p > 
0.05). Liver volumes were 1670.7 cm3, 1357.4 cm3, and 1087.3 cm3, while the spleen/liver+spleen volume ratios were 26.71%, 33.49%, and 40.26% 
in LC classes A, B, and C respectively. As the cirrhosis class progressed, liver volume decreased (p = 0.010), and the spleen/liver+spleen volume 
ratio increased (p = 0.020). Liver and spleen sizes, as well as the spleen/liver+spleen volume ratio did not vary by sex. These values can serve as 
baseline parameters independent of sex. Liver and spleen volumes, as well as their ratios, were greater in LC patients than in HC individuals. As the 
class of cirrhosis progressed, liver volume decreased, and the ratio increased. Our findings suggest that the spleen/liver+spleen volume ratio can be 
used to evaluate the classes of liver cirrhosis. 
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and spleen (11, 12). Cavalieri principle, one of the stereological 
methods, is also used to measure the volume of organs. This 
method takes cross-sectional images of the organ whose 
volume is to be measured. Cross-sectional surface areas are 
calculated using point counting or planimetry methods. The 
volume of the organ is calculated by multiplying the cross-
sectional surface areas along the entire series by the thickness 
of the cross-section. For quantitative measurements, the 
planimetry method is widely used. It is often considered the 
gold standard, while computed tomography (CT) images are 
used because they provide more distinct cross-sectional images 
(13, 14).  

Physical examination does not provide accurate 
information about the volume of organs (15). Easy and 
accurate measurement of liver and spleen volumes is important 
for early diagnosis, follow-up, and treatment planning of 
cirrhosis (16). Knowing the normal range of liver and spleen 
volumes in healthy controls (HC) will help clinically assess 
organ volume increase or decrease in patients with liver 
cirrhosis (LC). Changes in organ volumes can be obtained 
using noninvasive cross-sectional imaging. 

This study aimed to calculate liver and spleen volumes and 
their ratios to each other on CT images using the Cavalieri 
principle and to compare them between HC and LC. Liver and 
spleen sizes and the relationship between the size ratios of the 
two organs were analyzed in HC and LC individuals using a 
sex comparison. In addition, volumes and ratios were evaluated 
according to the disease classes in patients. 

2. Materials and Methods 
2.1. Study Population 
HC and LC subjects were scanned with CT aging 18-85 years 
who were admitted to Tokat Gaziosmanpaşa University 
Research and Training Hospital between August 2014 and 
March 2023. Patients with a history of hepatocellular 
carcinoma, amyloidosis, acute liver failure, hemochromatosis, 
and hepatic resection were excluded from the study. In the HC 
group, patients with any abdominal pathology, hepatomegaly, 
or splenomegaly and those with a history of liver disease were 
excluded. The HC group was randomly selected to be age- and 
sex-matched with LC. As a result of this review, 52 LC (26 
female, 26 male) and 52 HC (26 female, 26 male) were 
included in the study. A gastroenterologist performed CPS of 
LC for clinical evaluation. The distribution of the Child-Pugh 
class as a result of the score was 27 A (12 female, 15 male), 19 
B (11 female, 8 male), and 6 C (3 female, 3 male). According 
to sex, there was no significant difference between LC and HC 
group (p>0.05) and between Child-Pugh classes A, B, and C of 
LC (p=0.668). 

2.2. Data Collecting 
All images were obtained with a 64-slice MDCT machine 
(Optima CT660, GE Healthcare, Milwaukee, USA). 
Acquisition parameters were as follows: 120 kV; 150 mAs; 
collimation 64×0.5; slice thickness 2.5 mm; slice 

reconstruction thickness 1.25 mm; matrix 512×512 pixels; 
gantry angle 0° (degrees). In all cases, iodinated contrast 
medium was administered peripherally via intravenous (IV) 
route (usually antecubital vein) at a dose of 1.5 ml/kg. The 
examinations were obtained in the portal venous phase from 
cranial to caudal direction approximately 60 seconds after IV 
iodinated contrast medium was administered. The evaluations 
were performed in the portal venous phase, in which the portal 
and hepatic veins formed the most contrast with the 
parenchyma. The abdominal CT images used in the study were 
obtained from the Picture Archiving and Communication 
System (PACS) of the university. 

2.3. Image Analysis 
CT images in the PACS archive system were converted to 
Digital Imaging and Communications in Medicine (DICOM) 
format. Image series were opened sequentially using ImageJ 
software. In the program, the “Image” “Adjust” 
“Window/Level” setting was set to Level: 40 Window: 400. 
Thus, contrast adjustment was made to distinguish adjacent 
tissues and organs visually. The image series were sampled so 
that at least 15-20 image slices of the spleen and liver of the 
HC and LC remained.   

2.4. Volumetric Analysis 
The cross-sectional surface areas of the liver and spleen were 
drawn manually using the “polygon selection” tool of the 
program on each slice, excluding the inferior vena cava and 
gallbladder, as shown in Fig. 1. Thus, the program measures 
the cross-sectional surface areas using the planimetry method. 
Liver and spleen volumes were calculated in cm3 by 
multiplying the sum of the cross-sectional surface areas by the 
section thickness according to the Cavalieri principle (13, 17). 
The coefficient of error (CE) for the volume calculation of each 
objects were estimated as described in the literature (18). In 
addition, the spleen volume was divided by the sum of the 
spleen and liver volumes and then multiplied by 100 to 
calculate the spleen/liver+spleen volume ratio. All calculations 
were performed using the sheets containing the formulas we 
prepared in the Microsoft Excel program. 

 
Fig. 1. Delineations of the cross-sectional surface areas of the liver 
and spleen in CT images using the “Polygon Selection” tool in the 
ImageJ program 
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2.5. Statistical Analysis 
The data set represented quantitative variables using arithmetic 
mean and standard deviation. The normality of continuous 
variables was examined using Shapiro-Wilk's test. It was found 
that the variables were normally distributed. The homogeneity 
of variances, which is one of the assumptions for applying 
parametric tests, was also examined using Levene's test, and it 
was seen that the variances were homogeneous. The Chi-
Square test analyzed the relationship between qualitative 
variables according to sex, and quantitative variables were 
analyzed by the Significance of the Difference Between Two 
Means test. When differences were sought between groups 
regarding continuous variables, the Significance of Difference 
Between Two Means test was used. One-way Analysis of 
Variance was used when differences were sought within 
groups regarding continuous variables. Tukey HSD test was 
used for multiple comparisons. All tests were considered 
statistically significant for p-values <0.05. Statistical analysis 
of the volume data and demographic data of the individuals 
obtained in the study were evaluated using SPSS software 
(SPSS 22.0 V.25, Chicago, IL, USA). 

3. Results 
3.1. Population 
The mean age of the 52 LC in the study was 66.33±9.19 years, 
and the mean age of the 52 individuals in the HC group was 
61.46±16.1 years, and there was no difference in the mean age 
of the groups (p=0.061). The mean ages of Child-Pugh classes 
A, B, and C were 65.41±9.49, 67.79±7.56 and 65.83±13.18, 
respectively. There was no difference between the classes 
regarding mean age (p=0.689).   

3.2. Comparison of Volume and Volume Fraction Data 
between Groups 

In this study, the liver and spleen volumes of the LC and HC 
were compared. The mean liver volume was 1321.8 cm3 in the 
HC group and 1488.9 cm3 in LC, and the livers of LC were 

larger than those of HC (p=0.038). The mean spleen volume 
was 249.37 cm3 in the HC group and 676.8 cm3 in the LC. 
Spleen volume was larger in LC than in the HC group 
(p<0.001). When the spleen/liver+spleen volume ratio was 
evaluated, the HC group had an average of 15.68%, while LC 
had an average of 30.75%. The spleen was proportionally 
larger in the LC than in the HC group (p<0.001). Details of 
liver and spleen volumes and spleen/liver+spleen volume 
ratios of LC and HC are given in Table 1. 

Of the LC, 51.92% were in Child-Pugh A, 36.53% in Child-
Pugh B, and 11.53% in Child-Pugh C class. The mean liver 
volumes of patients with Child-Pugh A, B, and C class 
cirrhosis were 1670.7 cm3, 1357.4 cm3, and 1087.3 cm3, 
respectively. Liver volume was smaller in patients with Child-
Pugh C class compared to other classes (p=0.010). The mean 
spleen volumes of patients with Child-Pugh A, B, and C liver 
cirrhosis were 635.7 cm3, 700.2 cm3, and 787.66 cm3, 
respectively. Spleen volume did not differ between the classes 
(p=0.593). The spleen/liver+spleen volume ratio was 26.71% 
for Child-Pugh A, 33.49% for Child-Pugh B, and 40.26% for 
Child-Pugh C. The spleen/liver+spleen volume ratio increased 
from Child-Pugh A to Child-Pugh C (p=0.020). The details of 
liver and spleen volumes and spleen/liver+spleen volume 
ratios of the classes of LC are given in Table 2. 

Table 1. Comparison of liver and spleen volumes and 
spleen/liver+spleen volume ratios of patients with liver cirrhosis and 
healthy controls between groups 

 LC (n=52) 
Mean±SD 

HC (n=52) 
Mean±SD p 

Liver Volume (cm3) 1488.9±502.3 1321.8±277.1 0.038* 
Spleen Volume 
(cm3) 676.8±347.02 249.37±101.16 <0.001* 

Spleen/Liver+Spleen 
Volume Ratio (%) 30.75±12.22 15.68±5.09 <0.001* 

SD: Standard deviation, LC: Patients with liver cirrhosis, HC: Healthy 
controls, The significance of the difference between two means test, *p<0.05

Table 2. Comparison of liver and spleen volumes and spleen/liver+spleen volume ratios of patients with liver cirrhosis with Child-Pugh 
classification according to classes 

 
Child-Pugh A (n=27) Child-Pugh B (n=19) Child-Pugh C (n=6)  

P 
Mean±SD Min-Max Mean±SD Min-Max Mean±SD Min-Max 

Liver Volume (cm3) 1670.7±489.7(a) 1329.4-2024.7 1357.4±472.3 (ab) 1052.8-1744.1 1087.3±292.9 (c) 923.6-1363.9 0.010* 

Spleen Volume 
(cm3) 635.7±340.85 345.65-911.44 700.2±355.6 400.65-976.2 787.66±378.16 460.44-1146.09 0.593 

Spleen/Liver+Spleen 
Volume Ratio (%) 26.71±10.41 (a) 19.91-30.82 33.49±12.77 (ab) 24.47-39.65 40.26±12.09 (c) 32.5-52.89 0.020* 

SD: Standard deviation, One-way analysis of variance, Tukey HSD test for multiple comparisons, (abc): A common letter in a row indicates statistical insignificance, 
*p<0.05

3.3. Comparison of Volume and Volume Fraction 
Parameters by Sex 

The mean liver and spleen volumes of all female and male in 
the study were 1333.7 cm3 and 432.45 cm3 and 1477 cm3 and 
493.73 cm3, respectively. Liver and spleen volume values did 
not differ between sexes (p>0.05). The spleen/liver+spleen 

volume ratio was 22.88% in female and 23.55% in male. 
Spleen volume showed similar values and did not differ 
between sexes (p>0.05). Details of liver and spleen volumes 
and spleen/liver+spleen volume ratios of male and female 
subjects are given in Table 3.
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Table 3. Comparison of liver and spleen volumes and spleen/liver+spleen volume ratios of male and female individuals by sex 
 Female (n=52) 

Mean±SD 
Male (n=52) 
Mean±SD p 

Liver Volume (cm3) 1333.7±384.3 1477±430.4 0.076 
Spleen Volume (cm3) 432.45±310.63 493.73±354.11 0.350 
Spleen/Liver+Spleen Volume Ratio (%) 22.88±11.9 23.55±12.21 0.777 

SD: Standard deviation, The significance of the difference between two means test

When liver and spleen volumes of LC were compared by 
sex, female had a mean volume of 1434.8 cm3 and 636.58 cm3, 
respectively, while male had 1543 cm3 and 717.03 cm3. Liver 
and spleen volumes of male and female LC did not differ 
between sexes (p>0.05). When the spleen/liver+spleen volume 
ratio was evaluated, it was 30.51% in female LC and 30.99% 
in male patients. The spleen/liver+spleen volume ratio did not 
differ between sexes (p=0.888). Details of liver and spleen 
volumes and spleen/liver+spleen volume ratios of male and 
female LC are given in Table 4. 

Table 4. Comparison of liver and spleen volumes and 
spleen/liver+spleen volume ratios of male and female LC according 
to sex 

 LC  

 Female (n=26) 
Mean±SD 

Male (n=26) 
Mean±SD p 

Liver Volume (cm3) 1434.8±465.5 1543±540.4 0.443 

Spleen Volume (cm3) 636.58±311.04 717.03±381.51 0.409 
Spleen/Liver+Spleen 
Volume Ratio (%) 30.51±11.56 30.99±13.06 0.888 

SD: Standard deviation, LC: Patients with liver cirrhosis, The significance of 
the difference between two means test 

When the liver volumes of individuals in the HC group 
were compared according to sex, female had a mean volume of 
1232.5 cm3, while male had a mean volume of 1411 cm3. 
Healthy male individuals have larger livers than healthy female 
individuals (p=0.019). The mean spleen volume of HC was 
228.31 cm3 in female and 270.43 cm3 in male, with no 
difference between the sexes (p=0.135). The 
spleen/liver+spleen volume ratio was 15.26% in healthy 
females and 16.11% in healthy males, and this ratio did not 
differ between sexes (p=0.550). The details of liver and spleen 
volumes and spleen/liver+spleen volume ratios of the HC are 
given in Table 5. 

Table 5. Comparison of liver and spleen volumes and 
spleen/liver+spleen volume ratios of the HC according to sex 

 HC  

 Female (n=26) 
Mean±SD 

Male (n=26) 
Mean±SD p 

Liver Volume (cm3) 1232.5±251.6 1411±277.
2 0.019* 

Spleen Volume (cm3) 228.31±115.82 270.43±80.86 0.135 
Spleen/Liver+Spleen 
Volume Ratio (%) 15.26±5.84 16.11±4.29 0.550 

SD: Standard deviation, HC: Healthy controls, The significance of the 
difference between two means test, *p<0.05 

 

 

When the liver volume of female subjects was compared 
between groups, it was 1434.8 cm3 in LC and 1232.5 cm3 in 
HC. The liver volume of female did not differ between the 
groups (p=0.057). The mean spleen volume in female LC was 
636.58 cm3; in the HC, it was 228.31 cm3, and the livers of 
female LC were larger than those of HC (p<0.001). Similarly, 
the spleen/liver+spleen volume ratio was 30.51% in female LC 
and 15.26% in the HC. The spleen/liver+spleen volume ratio 
was proportionally larger in female LC than in HC (p<0.001). 
The details of liver and spleen volumes and 
spleen/liver+spleen volume ratios of female LC and the HC are 
given in Table 6.   

Table 6. Comparison of liver and spleen volumes and 
spleen/liver+spleen volume ratios of female subjects by groups 

 Female  
 LC (n=26) 

Mean±SD 
HC (n=26)  
Mean±SD p 

Liver Volume 
(cm3) 1434.8±465.5 1232.5±251.6 0.057 

Spleen Volume 
(cm3) 636.58±311.04 228.31±115.82 <0.001* 

Spleen/Liver+S
pleen Volume 
Ratio (%) 

30.51±11.56 15.26±5.84 <0.001* 

SD: Standard deviation, LC: Patients with liver cirrhosis, HC: Healthy 
controls, The significance of the difference between two means test, *p<0.05 

The liver volume of the male subjects LC was 1543 cm3 
and 1411 cm3 in the HC. Liver volume did not differ between 
male with and without liver cirrhosis (p=0.273). The mean 
spleen volume was 717.03 cm3 in male LC and 270.43 cm3 in 
the HC, and the spleen volume was larger in male LC than in 
HC (p<0.001). Similarly, the spleen/liver+spleen volume ratio 
was 30.99% in male LC and 16.11% in the HC. The 
spleen/liver+spleen volume ratio was larger in male LC than in 
the HC (p<0.001). The details of liver and spleen volumes and 
spleen/liver+spleen volume ratios of male subjects LC and the 
HC are given in Table 7. 

Table 7. Comparison of liver and spleen volumes and 
spleen/liver+spleen volume ratios of male individuals according to 
groups 

 Male  
 LC (n=26)  

Mean±SD 
HC (n=26)  
Mean±SD p 

Liver Volume (cm3) 1543±540.4 1411±277.2 0.273 
Spleen Volume 
(cm3) 717.03±381.51 270.43±80.86 <0.001* 

Spleen/Liver+Spleen 
Volume Ratio (%) 30.99±13.06 16.11±4.29 <0.001* 

SD: Standard deviation, LC: Patients with liver cirrhosis, HC: Healthy 
controls, the significance of the difference between two means test, *p<0.05 
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4. Discussion 
In the human body, it is difficult to precisely measure the size 
of the liver and spleen in vivo. Physical examination or 
radiological imaging techniques such as USG, CT, and MRI 
are used to detect changes in the size of these organs (4, 19, 
20). These techniques help to determine the volumes of organs 
accurately. In this context, in clinical conditions such as liver 
cirrhosis, it is important to objectively and precisely determine 
the volume of both the organ and the pathological condition 
and to monitor the volume change. Studies in the literature 
have calculated liver and spleen volumes using different 
methods to indicate advanced liver disease and its 
complications (4, 9, 11, 21). However, the accuracy of the data 
obtained by measuring liver and spleen volumes with 
automatic measurement programs is important. Cavalieri's 
principle, one of the stereological methods, has recently been 
accepted as the gold standard due to its accurate calculation of 
the volumes of tissues and organs (11, 22). In this study, we 
aimed to calculate the volumes of the liver and spleen and the 
ratios of these organs to each other from CT images using the 
Cavalieri principle and compare them between LC and HC. In 
addition, the volumes and ratios were evaluated according to 
the disease classes in patients. 

Using semi-automated software, Patel et al. (22) found that 
584 LC with a mean age of 55.9 years had significantly lower 
liver volume than HC. The decrease in total liver volume in LC 
was mainly due to volume loss in the right lobe of the liver 
(segments 4-8).  Zhou et al. (8) reported that the total liver 
volume manually measured using 16-MDCT in 101 patients 
with virus-induced cirrhosis and 113 HC subjects with an 
average age of 52 years was significantly smaller in LC than in 
HC subjects.  Li et al. (23) manually measured the liver volume 
of 40 control subjects, 63 liver fibrosis subjects, and 24 liver 
cirrhosis subjects on CT images and reported that the liver 
volume was significantly smaller in LC than in HC. In LC, 
liver volume tended to decrease as fibrosis and cirrhosis 
increased. Contrary to the results in the literature, in our study, 
liver volume was 1488.9±502.3 cm3 in LC with a mean age of 
66.33 years and 1321.8±277.1 cm3 in HC. Liver volume was 
higher in LC, and this difference was significant. This showed 
us that liver volume can be used for cirrhosis follow-up. 

Liver morphology changes at different classes of cirrhosis. 
This change is partly due to changes in the volume and number 
of liver parenchymal cells. The CPS is the most widely used 
score to assess the severity of liver cirrhosis and predict 
prognosis (24). In a study by Zhou et al. (8) with 101 cirrhotic 
and 113 healthy subjects, the mean total liver volumes of 
cirrhotic patients with Child-Pugh A, B, and C were 
1100.92±336.68 cm3, 1043.88±364.75 cm3, and 
798.01±203.64 cm3, respectively. It was concluded that all of 
these values were significantly smaller than those of HC 
subjects. Child-Pugh C patients had significantly smaller total 
liver volumes than Child-Pugh A and B patients. Although 
liver atrophy was observed in Child-Pugh A patients, certain 

regions, such as the caudate lobe and left lateral segment, may 
tend to grow to compensate for liver function. 

On the other hand, in Child-Pugh B and C patients, the 
overall volume of the liver begins to decrease due to increased 
fibrosis. The liver of Child-Pugh C patients has been reported 
to change and shrink the most in size and volume. These data 
directly indicate that the low amount of liver cells in Child-
Pugh C patients aggravates the pathophysiological state, 
leading to the worst clinical manifestations. In our study, the 
mean liver volumes of LC according to Child-Pugh classes A, 
B, and C were 1670.7 cm3, 1357.4 cm3, and 1087.3 cm3, 
respectively, and there was a significant difference between the 
classes. The result that liver volume decreased from Child-
Pugh A class to C class is similar to the results of studies in the 
literature (8, 22). However, the mean liver volume of HC was 
1321.8±277.1 cm3, which was less than Child-Pugh A and B 
and more than the C class. We think that the liver volumes in 
the study differ from the results in the literature due to a large 
number of Child-Pugh A class patients participating in the 
study and their older ages. 

Spleen volume is important in determining spleen 
involvement in Hodgkin's disease and detecting diseases such 
as liver cirrhosis. In Hodgkin's disease and liver cirrhosis, the 
spleen usually enlarges with disease progression. Especially in 
advanced classes, the increase in splenic volume becomes 
prominent and is often characterized by multiple hypodense 
lesions (11, 25). In a study conducted on Hodgkin's disease, 
splenic involvement was observed in 15.6% and confirmed by 
imaging methods. Splenomegaly showed a strong correlation 
with advanced classes of the disease, and this finding 
emphasized the prognostic importance of splenomegaly in 
disease progression (25). In studies conducted in HC, the age 
factor affects spleen volume, and spleen volume decreases with 
age (21, 26). Li et al.  (23) manually measured spleen volume 
on CT images and concluded that spleen volume was larger in 
LC than in HC. In LC, splenic volume tended to increase as 
cirrhosis increased. Splenic hypertrophy may be observed in 
LC accompanied by portal hypertension (9). The results of our 
study also support the findings in the literature. The splenic 
volume of LC was larger than that of HC. Although splenic 
volume increased as the cirrhosis class progressed, the 
difference between the classes was insignificant. 

To the best of our knowledge, there is no study in the 
literature on measuring the ratio of spleen volume to total 
spleen and liver volume in LC.  This shows us how much the 
spleen volume is enlarged in the total liver and spleen volume. 
In the present study, the spleen/liver+spleen volume ratio was 
30.75% in LC and 15.68% in the HC. The spleen/liver+spleen 
volume ratio was higher in LC than in HC, and this difference 
was significant. In addition, this ratio increased as the classes 
of liver cirrhosis progressed. This finding suggests that the 
spleen/liver+spleen volume ratio can be used to evaluate 
classes of liver cirrhosis. 
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Comparing the accuracy of three different approaches to 
liver volume measurement in living donor transplants, 
Kalshabay et al. (27) reported a significant difference between 
the average error rate of manual and semi-automated 
applications, while there was no significant difference between 
manual and automated applications. They showed that the 
semi-automated method had the highest error rate among all 
three methods. The manual measurement method requires 
more time and effort than other methods and demands high 
precision from radiologists; however, it is recommended that 
this method is preferred due to the accuracy of the 
measurements. Automated liver volume calculation programs 
may give inaccurate results, especially when the density of 
liver parenchyma matches the density of adjacent organs such 
as the spleen, pancreas, and kidney. Therefore, we preferred 
the Cavalieri principle for manual volume measurement in this 
study because it is precise and unbiased, and the mathematical 
error percentage of the data obtained with this method is less 
than 0.05%; that is, it gives results without deviating from the 
actual value and can be applied practically (28-34). It also 
offers high efficiency, confidence, and accuracy in volume 
calculations (17). The accuracy of this study was increased by 
performing measurements using the Cavalieri principle. 

From a practical point of view, the time to perform liver 
and spleen volume measurements is an essential factor, mainly 
when measurements are performed manually or using semi-
automated applications. Since manual and semi-automated 
methods require the determination of liver and spleen contours 
in sections, the time for volume measurement depends on the 
number of sections to be analyzed. Reiner et al. (35) reported 
that the mean estimated liver volume decreases with increasing 
slice thickness on CT. Therefore, in our study, volume 
measurements were performed on CT images with a slice 
thickness of 2.5 mm. Since the probability of false positive 
results decreases with decreasing slice thickness, it is thought 
that the thinner the slices, the more accurate the results (36). 
However, the disadvantage of using such thin sections is that 
the procedure takes time. 

Our study has some limitations. It was a retrospective study 
with a limited sample size. Considering the differences in the 
distribution of patient groups stratified by stage and 
insufficient clinical data, this study did not perform more 
specific group analyses, such as factors causing liver cirrhosis. 
This feature can be defined as the primary limitation of our 
study. However, using the Cavalieri principle method, the 
study measured accurate and reliable values obtained from CT 
images in LC and HC. To our knowledge, this study is unique 
as it is the first to calculate the liver, spleen, and 
spleen/liver+spleen volume ratio in liver cirrhosis with the 
Cavalieri principle and to compare these values with the HC. 

This study analyzed volumetric CT results by comparing 
liver, spleen, and spleen/liver+spleen volume ratios between 
52 HC and 52 LC. In conclusion, volumetric changes in the 

liver and spleen parallel the natural history of cirrhosis and are 
associated with clinical classes. Liver volume, spleen volume, 
and spleen/liver+spleen volume ratio were larger in LC than 
HC. Among LC, 51.92% were in the Child-Pugh A class, 
36.53% in the Child-Pugh B class, and 11.53% in the Child-
Pugh C class. In LC, liver volume decreased, and the 
spleen/liver+ spleen volume ratio increased as the Child-Pugh 
class progressed. The spleen/liver+ spleen volume ratio during 
routine CT scanning showed it can be a discriminative 
parameter for LC. These data may be valuable for 
understanding disease progression, monitoring treatment, and 
planning transplantation procedures. The use of stereological 
methods in such studies provides high precision and accuracy. 
Therefore, the data obtained are reliable for clinical 
applications. Further studies are needed to confirm these 
findings and better understand their clinical utility. 
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