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Abstract In order to assess the value of liver volumetry in cirrhosis and acute liver failure (ALF) patients, we
explored the correlation between hepatic volume and severity of the hepatic diseases. The clinical data of 48
cirrhosis patients with 60 normal controls and 39 ALF patients were collected. Computed tomography-derived
liver volume (CTLV) and body surface area (BSA) of normal controls were calculated to get a regression formula
for standard liver volume (SLV) and BSA. Then CTLV and SLV of all patients were calculated and grouped by
Child-Turcotte-Pugh classification for cirrhosis patients and assigned according to prognosis of ALF patients for
further comparison. It turned out that the mean liver volume of the control group was 1 058 � 337 cm3. SLV was
correlated with BSA according to the regression formula. The hepatic volume of cirrhosis patients in Child A, B
level was not reduced, but in Child C level it was significantly reduced with the lowest liver volume index (CTLV/
SLV). Likewise, in the death group of ALF patients, the volume index was significantly lower than that of the
survival group. Based on volumetric study, we proposed an ROC (receiver operating characteristic) analysis to
predict the prognosis of ALF patients that CTLV/SLV < 83.9% indicates a poor prognosis. In conclusion, the
CTLV/SLV ratio, which reflects liver volume variations, correlates well with the liver function and progression of
cirrhosis and ALF. It is also a very useful marker for predicting the prognosis of ALF.
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Introduction

Child-Turcotte-Pugh classification is a widely accepted
empirical approach for assessment of severity of cirrhosis
while the model for end-stage liver disease (MELD) score is
widely-employed prognostic markers for acute liver failure
(ALF). However, besides serologic indices and laboratory
parameters, it has been reported that liver atrophy is also an
important factor to evaluate liver function of cirrhosis and
ALF. Saygili et al. [1] considered the radiologic evaluation as
an important constituent in liver function evaluation and
demonstrated the value of computed tomography (CT) and
magnetic resonance imaging (MRI) for assessing severity of
liver cirrhosis secondary to viral hepatitis. Similarly, with
regard to ALF, Sekiyama et al. [2] also verified the value of
liver volume measurement in ALF patients that the computed

tomography-derived liver volume (CTLV) of survivors of
ALF was significantly greater than that of non-survivors.
Therefore it seems to be certain that liver volume associates
with the liver function and progression of cirrhosis and ALF.
However, CTLV alone cannot reflect individual physical
differences such as body weight and height, and it is therefore
necessary to standardize individual liver volume in the
healthy state. Fortunately, Nicolas et al. [3] proposed a
formula using body surface area (BSA) and body weight to
predict total liver volume in western adults. Inspired by his
idea, we collected the data of CTLVand BSA of normal adults
to calculate a regression formula that would predict liver
volume more accurately for Chinese, which was defined as
standard liver volume (SLV). Then we measured the liver
volume of both cirrhosis and ALF patients with CT, and
explored the correlation between liver volume variations
(CTLV/SLV) and liver function. We found that the CTLV/
SLV ratio correlated well with Child classification in cirrhosis
and was in accordance with the prognosis of ALF, based on
which we established a CTLV/SLV prognostic formula for
ALF utilizing the ROC (receiver operating characteristic)
analysis.
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Materials and methods

Patients

There were 48 cirrhosis patients who underwent serial
abdominal CT at our institution between 2007 and 2011
included in this study. All patients were secondary to hepatitis
B virus or C virus infection, which were proven by a viral
antigen test and antibody titration. All patients had biopsy
diagnosed cirrhosis. Patients with hepatic space-occupying
lesions, thrombosis in the portal vein system, hepatic duct
dilatation, or a history of alcoholism were excluded. We were
able to determine Child classification from the available
clinical records in all the cirrhotic patients, based on which
they were grouped as follows: 10 cases were classified as
class A, 26 cases as class B, and 12 cases as class C. The
control group consisted of 60 patients who underwent upper
abdominal helical CT for conditions unrelated to the
hepatobiliary system at our institution during the same
period. All patients had negative findings on hepatitis B or
C surface antigen tests. Patients with abnormal liver function
(ALB < 35 g/L, ALT or AST > 80 U/L, INR > 11.2), with
platelets < 100 � 109 /L, with abnormities on abdominal CT
or ultrasound findings, with conditions potentially affected by
the biliary tree (e.g., pancreatic cancer) or associated with
diffuse liver disease (e.g., lymphoma), and with a history of
alcoholism or fatty liver were excluded. There were also 39
ALF patients who visited our institution during the same
period included in this study. The diagnosis of ALF was made
according to the diagnostic criteria of the Viral Hepatitis
Prevention and Treatment Scheme in China [4]. They were
assigned to two groups: group A consisted of 23 patients who
recovered without surgical intervention, and group B
consisted of 16 patients who died due to liver failure. The
study protocol conformed to the ethical guidelines of the 1975

Declaration of Helsinki and was approved by the appropriate
institutional review committee.

Data collection

The data, which included age, body weight (BW), body
height (BH), total bilirubin (TBIL), international normalized
ratio (INR), serum creatinine (CREA), prothrombin time
(PT), and albumin (ALB), were collected to determine Child
classification of cirrhosis patients and to calculate MELD
scores of ALF patients. We obtained informed consent from
all patients or their families. All demographic and laboratory
data were obtained at the time of the CT scan, when the
diagnosis was made and intervention therapy was done
immediately.

Volumetric analysis of the liver

The whole liver volume of all the patients and controls was
measured using CT films according to the method of
Heymsfield [5]. Serial abdominal transverse CT was taken
at 5 mm- or 10 mm-intervals and the slice thickness was 8–10
mm. Each slice was traced with a cursor and the liver volume
was calculated by adding the area of each slice from the most
superior part to the most inferior part of the liver using the
Myrian Expert program of Intrasense Corporation of France
(Fig. 1).

Statistical analysis

Data were expressed as median and range and were analyzed
by using correlation coefficient, Student’s t-test, Chi-square
test and survival analysis when appropriate with the help of
SPSS software (Version 13.0) by Statistical Department,
School of Medicine, Xi’an Jiaotong University. Linear

Fig. 1 Volumetric analysis of the liver. (A) To outline the edge of the liver on each slice of the CT films with a cursor; (B) Reconstruction
of the liver by adding the area of each slice from the most superior part to the most inferior part.
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regression analysis was made to predict SLV using body
indices (weight and height) and the ROC analysis was
performed for CTLV/SLV ratio and the prognosis of ALF. A
P-value < 0.05 was considered statistically significant.

Results

The baseline characteristics of the patients

Background data of the patients in each group are shown in
Table 1. The median age of the normal control group and the
cirrhosis group did not show a significant difference, while in
the ALF group, the median age of the death patients was
significantly younger than the survival patients. The median
height and weight of different groups did not differ
significantly, either. In the normal control group, 40 of the
60 patients were males and 20 were females. Similarly, 31
patients in cirrhosis group (31/48) and 31 patients (31/39) in
the ALF group were males. All patients received active
therapy immediately at the onset of diagnosis.

The regression equation of SLV and BSA

BW and BH of normal controls were recorded to calculate
BSA (BSA [m2] = 0.006 1 � BH [cm] + 0.012 4 � BW
[kg] – 0.009 9) [6]. CTLV and BSA of normal controls were
collected to get a regression formula for SLV and BSA. The
mean liver volume of the control group calculated from CT
was 1 058 � 337 cm3. LV positively correlated with BSA:
LV (cm3) = 850.1 � BSA (m2) – 305.3 (r = 0.878, r2 = 0.757,
P < 0.05).

Correlation of volume index and liver function in
cirrhosis

The SLV calculated from BSA for the cirrhosis patients
compared with that of the healthy control subjects did not
show a statistically significant difference (P > 0.05). The
CTLV was significantly smaller in Child C patients than in
healthy control subjects (P < 0.05), whereas there was not a
statistically significant difference between those values for
Child A and B patients (P > 0.05). The volume index
(CTLV/SLV) of Child C patients was 0.71 � 0.20, which
was significantly lower than that of Child A and B patients
(P < 0.05) (Table 2, Fig. 2).

Correlation of volume index and prognosis in ALF

The SLV of ALF patients compared with that of the healthy
control subjects did not show a statistically significant
difference (P > 0.05). The CTLV was significantly smaller
in death group patients than in survival group (P < 0.05), and
there was a statistically significant difference between ALF
patients and normal controls (P < 0.05). The volume index
of the death group was 0.81 � 0.10, which was significantly
lower than that of the survival group, which was 0.95 � 0.11
(P < 0.05) (Table 3, Fig. 3).

ROC analysis of the ALF volume index

The ROC curve analysis of the CTLV/SLV ratio of the ALF
patients showed good diagnostic potential. AUC was 0.818
when the death group was set as positive (Fig. 4). The CTLV/
SLV ratio cutoff point was determined based on the ROC

Table 1 Baseline characteristics of the patients

Diagnosis
Gender

Age (year) Height (cm) Weight (kg)
Male Female

Normal controls 40 20 52�13 167.0�6.4 58.2�10.9

Cirrhosis Child A 7 3 55�16 168.8�6.9 63.9�8.7

Child B 15 11 49�13 168.0�7.5 59.8�10.5

Child C 9 3 47�15 167.0�4.6 59.0�11.8

ALF Death group 11 5 36�11 170.1�6.9 63.6�9.3

Survival group 20 3 43�15 168.5�8.9 63.2�9.3

Table 2 Correlation between cirrhotic liver volume index and liver function

Child-Turcotte-Pugh classification No. of patients SLV (cm3) CTLV (cm3) Volume indexa

Child A 10 1 231�120 1 156�258 0.94�0.18

Child B 26 1 189�140 1 054�430 0.87�0.31

Child C 12 1 174�129 814�169 b 0.71�0.20b

a. CTLV/ SLV.
b. Compared with Child A and B (P<0.05).
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analysis. The difference between the death and the survival
group was greatest at the probability cutoff point of 0.839
for the CTLV/SLV ratio, with the sensitivity of 91.3%,
the specificity of 68.7%, the positive predictive value of
87.9%, and the negative predictive value of 75.9%, suggest-
ing a probability of poor prognosis when CTLV/SLV
< 0.839.

Discussion

CT-determined liver volume measurement

Child classification and MELD scoring system for the
assessment of liver function and prognosis are widely
accepted. Extensive attention has been put on the study of
liver volume since Heymsfield et al. [5] first measured the
volume of a cadaver’s liver using CT in 1979. Researchers
have reported that the difference between CT measured liver
volume and the actual liver volume is minor [7,8]. Although
numbers of shortcomings of CT volume calculation, which
include partial volume effect, respiratory phase motion, and
interobserver variation, have been pointed out by different
researchers [5], thanks to its faster speed of data collecting
and image processing, thinner slice thickness, and fewer
artifacts from respiratory motion, CT is now able to create
more precise images even in patients with significant ascites
and to provide more accurate liver volume measurement
[9,10].

Hepatic functional reserve is highly related to the quantity
and quality of liver cells, which could be reflected by the liver
volume and shape. However, although laboratory parameters
that compose the Child classification and MELD scoring
system could reflect liver function more directly and

Fig. 2 Difference of the volume index between different
cirrhosis Child classes.

Table 3 Correlation between ALF liver volume index and liver function

Groups Prognosis No. of patients SLV (cm3) CTLV (cm3) Volume indexa

A Survival 23 1 227�127 1 164�137 0.95�0.11

B Death 16 1 219�116 981�110 0.81�0.10 b

a. CTLV / SLV.
b. Compared with patients in the survival group (P<0.05).

Fig. 3 Difference of the volume index between different ALF
prognosis.

Fig. 4 ROC analysis of the ALF volume index.
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accurately, they are more susceptible to the influence of
clinical intervention and could fluctuate dramatically in a
short time [11]. So compared with laboratory parameters,
liver volume is a more stable and consistent indicator, which
is difficult to be influenced. It not only reflects the number of
the liver cells, but also indicates the blood perfusion and
metabolic situation of the liver [12,13], which is equally
valuable with Child classification and MELD scoring system,
especially in case of preoperative assessment of liver
function.

Joyeux et al. [14] investigated the CT volume of the liver
with the measurement of 50 healthy livers using CT and
obtained a mean total liver volume of 1 497 cm3, which is not
very close to the mean total liver volume of the control group
in our study (1 058 � 337 cm3), but is acceptable if
considering differences in measuring methods and race. The
SLV formula has already been intensively investigated, and
together with CTLV, they have been applied to evaluate the
possibility of liver resection in liver cancer patients before
surgery and to match donor-recipient pairs before liver
transplantation [10]. The standard LV calculations (LV [cm3]
= 850.1 � BSA [m2] – 305.3) used in our study might be
easily applied since body height and body weight could be
easily obtained to calculate BSA in the clinic. Then we could
compare SLV with CTLV so that we can quantitatively
calculate hepatic volume index, which could be helpful for
evaluating liver reserve function, selecting an appropriate
treatment, and determining the prognosis.

Cirrhotic liver volume measurement

In our study, we found a significant correlation between liver
volume index as calculated on CT and severity of cirrhosis
according to the Child classification. The mean total liver
volume of Child A, B, and C patients was 1 156 � 258 cm3,
1 054 � 430 cm3, and 814 � 169 cm3, respectively, of
which the Child C group was significantly smaller than that
of the healthy control subjects. It paralleled the procedure of
cirrhosis that fibrosis progresses until the hypertrophy reaches
a maximum and then the hypertrophied liver regions begin to
atrophy, which is clinically considered to be decompensated
cirrhosis [15–18]. With respect to volume index, we can see
that the liver of Child C patients not only shrank in size in
general, but also varied the most in volume, a significantly
higher volume change than seen in Child A and B patients.
All of these data directly reflect the deduction that the lowest
amount of liver cells in Child C patients led to the disturbance
of the pathophysiologic state and the worst clinical
manifestations of the condition. Therefore, we suspect that
the correlation between CT-determined liver volume index
and Child classification reflects the close relationship between
functional capacity and volume changes in the liver in
patients with cirrhosis.

However, even in the same Child level, there were some
differences in the variation of the liver volume that would

overlap the boundaries between different Child levels. For
example, a significantly higher volume change rate was
detected in some Child A patients rather than in some patients
in Child B or C, which perhaps explained the reason why
massive ascites and severe hepatic encephalopathy occurred
in some Child A patients while some Child C patients were in
a relatively good condition. Therefore the combination of
Child classification and CT-determined liver volume mea-
surement is valuable in evaluating liver functional reserve and
helpful in choosing the appropriate time for surgical
treatment.

ALF liver volume measurement

In our study, we also found a significant correlation between
liver volume index as calculated on CT and the prognosis of
ALF patients. The mean total liver volume of death group and
survival group was 981 � 110 cm3, and 1 164 � 137 cm3,
respectively, of which the death group was significantly
smaller than the survival group. Shakil et al. [19] suggested
that once liver volume declined below 1 000 ml, recovery
with medical management was unlikely, which is in
accordance with our result. They also recommended that
liver volume measurement could be a useful prognostic tool
and a decline of liver volume below 1 000 ml was indicative
of the need for emergency transplantation. With respect to
volume index we can see that the death group also got a
significantly higher volume change rate than the survival
group. It corresponded well with the pathological process of
ALF that hepatic regenerative changes and cell necrosis took
place at the same time. When regenerative changes overcame
the damages caused by liver cell necrosis, patients were more
likely to recover. On the contrary, a lack of regenerative
activity and the necrosis involving a greater part of the hepatic
parenchyma, which would perhaps result in an atrophied liver
volume eventually, was associated with a poor outcome.
Therefore, we speculate that the CT-determined liver volume
index is able to reflect the functional capacity of ALF livers
and predict the prognosis of ALF. Based on the data collected
from the patients, we also proposed a ROC analysis to predict
the prognosis of patients with ALF that a poor prognosis had
significantly lower CTLV/SLV ratios. Patients with CTLV/
SLV < 0.839 at the time of ALF diagnosis indicates a poor
prognosis that probably liver transplantation and advance
preparation for the procedure is needed while other cases may
possibly be treated conservatively. The CTLV/SLV ratio in
our formula may not be affected by medical therapy or
intensive therapy and only needs body height, body weight
and CTLV for analyzing, which is very convenient. There-
fore, the formula of CTLV/SLV ratio in evaluation at the onset
of encephalopathy is a simple and useful method for
predicting the prognosis of ALF cases that it may greatly
assist decision making based on the CTLV/SLV ratio, in
particular regarding the need for emergency liver transplanta-
tion.
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Application scope of liver volume measurement

Although we have demonstrated the clinical value of liver
volume measurement in liver function evaluation of cirrhosis
and ALF patients, we have to point out some limitations on
the use of liver volume measurement in clinical practice.
Since our conclusion of liver function evaluation is depended
on the liver volume variations, there are absolutely specific
conditions when liver volume was significantly interfered,
which limit the use of liver volume measurement. For
instance, there are causes for liver enlargement such as
concurrent right heart failure, alcoholics, steatohepatitis and
some other storage diseases. Under these circumstances, it is
of great possibility that CTLV is larger than SLV, which is
very likely to result in the misjudgement of liver function and
the real function is worse than expected. On the contrary,
there are also circumstances for liver atrophy such as liver
surgery, which should also be excluded from the scope of
liver volume application. It is also noteworthy that when liver
tumor occurs, it might also affect the accuracy of liver volume
measurement that whether to include the tumor volume in
liver function evaluation is still controversial. To sum up,
when utilizing liver volume measurement in clinical practice,
we should be aware of the limitations of this method and take
advantage of the measures appropriately to avoid the
unnecessary misjudgement.

Limitations

It should be noted that there are a few limitations in our study.
The main limitation is that only a small number of patients
were included in our study because this study was undertaken
at a single institution. The second limitation is that all
cirrhosis patients were secondary to viral hepatitis B or C that
other causes were excluded from our study population.
However, liver volume may differ on the basis of the cause.
Finally, we didn’t perform a MR scanner to evaluate cirrhosis
and ALF although it might offer a more extensive and
comprehensive evaluation of the diseases and made perhaps
more accurate volume measurements. Therefore, a larger
scale prospective study is necessary to compare CT and MRI
volume measurements and to further explore the prognostic
value of the liver volume index.

Summary

In conclusion, the Child classification and MELD scoring
system are now widely used in China for evaluation of liver
functional reserve. Indicators that composing the Child
classification and MELD scoring system are susceptible to
the influence of clinical intervention and could fluctuate
dramatically in a short time, which disturbs the strict
correspondence with liver function. Under the circumstances
of increasingly widespread use of CTLV measurement, the

combination of traditional scoring system and liver volume
assessment would be able to evaluate the function reserve of
the liver more accurately.
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