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Abstract. This study intended to investigate the clinical appli-
cation values of computed tomography (CT) perfusion imaging
and ultrasound elastography in the diagnosis of liver fibrosis,
and to analyze the characteristics and diagnostic values of the
two methods in liver fibrosis. A total of 320 patients diagnosed
with suspected liver fibrosis in Qingdao Municipal Hospital
from April 2014 to May 2016 were selected. The patients
were diagnosed by ultrasound elastography and CT perfusion
imaging, respectively, and the influencing characteristics and
diagnostic accuracies of the two methods were compared.
Among 320 patients, there were 315 definitely diagnosed with
liver fibrosis through liver biopsy. The accuracy of CT perfu-
sion imaging was 95.63% (306/325), while that of ultrasound
elastography was 91.88% (294/320); there was a significant
difference in accuracy between the two methods (P>0.05). CT
perfusion imaging was superior to ultrasound elastography
in the degree of liver fibrosis (P<0.05). Receiver operating
characteristic (ROC) curve analysis showed that the areas
under the curve (AUC) of patients were 0.841 and 0.865 in S1
(P>0.05), 0.830 and 0.887 in S2 (P>0.05), 0.851 and 0.931 in
S3 (P>0.05), and 0.951 and 0.970 in S4, respectively (P>0.05).
AUC values of ROC curves of CT perfusion imaging and
ultrasound elastography in diagnosing liver fibrosis were 0.833
and 0.857, respectively (P>0.05). Both CT perfusion imaging
and ultrasound elastography have relatively high accuracies
in the clinical diagnosis of liver fibrosis, and they are worth
promoting and applying. However, the best imaging method
needs to be selected according to the actual situation of
patients and research purpose.
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Introduction

China is one of the countries with a high incidence rate of
chronic viral hepatitis B (CHB). The infection of its hepa-
titis B virus (HBV) can lead to the occurrence of a variety
of liver diseases, including liver fibrosis, severe hepatitis
and hepatocellular carcinoma developed from lesions in the
terminal stage (1-3). The main cause of liver fibrosis is that
the degradation of the extracellular matrix in the liver leads
to inadequate or excessive collagen synthesis, resulting in a
large number of collagen deposition near the hepatic lobule
and finally hindering the exchange of liver cells and blood
substances, which will lead to the liver cell necrosis and
degeneration, followed by liver fibrosis and connective tissue
hyperplasia (4). Currently, CHB in about 25% of the patients
develops into cirrhosis that is the terminal stage of the disease,
and patients will not survive from it unless they receive liver
transplantation (5). Therefore, it is hoped to accurately detect
the occurrence of liver fibrosis in the early stage and make
corresponding treatment and intervention, which can effec-
tively reduce the patients' pain and financial pressure. Now,
liver biopsy still serves as the gold standard for liver fibrosis;
however, it is relatively difficult to popularize and apply it in
clinical practice.

Previous studies have shown that Fibroscan and computer
tomography (CT) perfusion imaging can accurately assess
and grade liver fibrosis (6,7). Fibroscan is a diagnostic tool
for liver fibrosis with no invasiveness, whose principle is to
diagnose the human body through low-frequency ultrasounds,
and it is mainly used to detect the degree of liver cirrhosis
and give feedbacks through the instantaneous elastic spec-
trums of the liver; when liver fibrosis occurs in liver tissues,
Fibroscan can be used for quantitative grading for liver fibrosis
at different degrees (8). The main method of CT perfusion
imaging is to directly perfuse the human body so as to achieve
semi-quantitative or quantitative analysis of the human body
perfusion directly through CT imaging methods; CT perfusion
is characterized by short scanning time, high recognition rate
and simple technique, and changes in human blood flows can
be observed through it while the analysis is conducted (9,10).
However, there are few reports on the comparison between
the two methods. Therefore, values of the two methods in the
diagnosis of liver fibrosis were studied and explored, and the
results of the two methods were compared.
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Materials and methods

Data of patients. In the present study, the clinical data of
320 patients with chronic liver disease examined and treated in
Qingdao Municipal Hospital (Qingdao, China) from April 2014
to May 2016 were retrospectively analyzed. Among them, there
were 266 cases of HBV, including 147 males and 119 females
aged 29-60 years, with an average of 47.4+12.5 years; there
were 54 cases of hepatitis C virus (HCV), including 27
males and 27 females aged 33-57 years, with an average
age of 44.4+10.2 years. Guidelines for prevention, Care and
Treatment of Persons with CHB (Version 2009) (11) and
Guidelines for Prevention, Care and Treatment of Persons with
Hepatitis C (Version 2015) (12) were taken as the diagnostic
criteria. Clinical data of patients are shown in Table I. The
relevant study was carried out under the approval of the Ethics
Committee of Qingdao Municipal Hospital, and all patients
were informed and signed a formal written authorization.

Inclusion and exclusion criteria. Inclusion criteria: Patients
with the course of disease of six months; receiving no drug
treatment recently; with no other genetic diseases; receiving
no radiotherapy and chemotherapy; and patients with autism,
memory disorders and hearing disorders. Exclusion criteria:
Patients with respiratory diseases; with hypertension or diabetes
mellitus; with blood relationship with other patients; receiving
no blood transfusion recently; and patients who did not coop-
erate with the follow-up or had incomplete clinical data.

Detection methods

Tissue biopsy. All patients underwent liver tissue puncture
operation. Before the operation, blood routine examination
and blood clotting time detection were conducted for patients.
Patients were placed in the supine position, and the opera-
tion was conducted under the guidance of ultrasounds. The
size of liver tissues taken by biopsy should not be less than
15 mm. Liver fibrosis staging: In S1, the portal area of fibrosis
in patients was enlarged; in S2, fibrosis occurred around
the portal area; in S3, the fibrous septum was accompanied
by lobular disorders with no liver cirrhosis; and in S4, liver
parenchyma was damaged with diffuse fibrosis and lobular
structure disorders.

Fibroscan detection method. Instantaneous elastic ultrasonic
instrument is a product of Echosens (Paris, France), and
the testing method was operated in strict accordance with
Fibroscan instructions. Subjects were placed in the supine posi-
tion with right arms lifted behind 1/4 of the right brain, and the
intercostal space in the lobe area of patients was detected. The
probe was dipped in a little ultrasound coupling agent, which
was applied perpendicularly to the human skin; the probe was
put closely near the skin and was used for detection for conser-
vative 10 times, and the median was taken as the result.

CT perfusion detection. Under the state of solid and liquid
fasting as required, patients should sit quietly and keep eupnea
at half an hour before examination. In the experiment, a
16-slice spiral CT scanner was used to scan patients. Patients
underwent the first abdominal plain scan at the voltage
of 120 kV, the current of 260 mA and the scan thickness of

Table I. Clinical data of patients.

Clinical data

Groups n (%)
Sex
Male 174 (54.38)
Female 146 (45.62)
Age
>50 166 (51.87)
<50 154 (48.13)
Place of residence
City 284 (88.75)
Countryside 36 (11.25)
Educational level
< Junior college 230 (71.85)
= Junior college 90 (28.15)
Eating habit
A spicy diet 66 (20.63)
A light diet 254 (79.37)
PT 11.40+1.14 sec
WBC 5.33+1.38x10%/1
PLT 169.5+56.1x10%/1

PT, prothrombin time; WBC, white blood cell; PLT, platelet.

10 mm for 0.8 sec in total. The left and right lobes of the liver
and main portal veins were developed. The scanning bed was
then adjusted for enhanced scanning of the selected area. The
scan parameters were set at 0.8 sec/360°, voltage (120 kV),
current (260 mA), thickness (54 mm) and field of view
(360 mm). In this experiment, a total of 40 ml Omnipaque
(350 mg/ml) was used as a contrast reagent, its flow rate was
3 ml/sec, the duration was 5 sec, and the scanning time was
60 sec in total. All the data obtained after scanning were
uploaded to the workstation. In the experiment, GEAW 4.2
was applied to analyze the uploaded data.

Statistical methods. SPSS 22.0 (IBM Corp., Armonk, NY,
USA) software package was used in this experiment for
statistical analyses of the collected data of all patients.
Receiver operating characteristic (ROC) curves of patients
detected by the two methods were plotted using ROCR
and pROC packages. Normality test was performed for the
experimental data. Comparison between groups was done
using one-way ANOVA test followed by post hoc test (Least
Significant Difference). Chi-square test was conducted for the
non-normally distributed data. The data in this experiment
were expressed as mean * standard deviation (mean + SD).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Biopsy results. All the patients received liver biopsy in this
experiment, and the results showed that 320 patients suffered
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Figure 1. Fibroscan detection results. Fibroscan detection for fibrosis in
patients in different stages shows that there are differences among stages:
There are statistically significant differences between S1-S4 (P<0.05);
between S2-S4 (P<0.05); and between S3-S4 (P<0.05).

from liver fibrosis at different degrees. There were 85 cases
(26.5%) in S1,98 (30.6%) in 52,76 (23.7%) in S3 and 61 (19.1%)
in S4.

Fibroscan detection results of patients. The detection results
of liver cirrhosis for 320 patients: The average detection
value of liver cirrhosis in patients was (14.11+9.37) kPa,
and there were 63 cases (8.67+6.67) kPa in S1, 98 cases
(13.97x10.41) kPa in S2, 74 cases (18.67+9.61) kPa in S3 and
59 cases (21.84+11.67) pKa in S4. Liver cirrhosis was detected
in a total of 294 patients with a detection rate of 91.88%
(294/320) (Fig. 1).

CT perfusion detection. The apparent diffusion coefficient
valueineachgroupwasdetected viaCT perfusionin320patients,
which showed that there were 72 cases (1,584.80+115.00)
mm?/sec in S1, 98 (1,421.80+103.00) mm?/sec in S2,
75 (1,288.60+162.80) mm?/sec in S3 and (1,079.00+179.30)
mm?/sec in S4. Liver fibrosis was detected in a total of
306 patients with a detection rate of 95.63% (306/320) (Fig. 2).

Comparison of the detection rate between the two methods
and ROC analyses. The detection rates of Fibroscan and CT
perfusion in patients were 91.88 and 95.63%, respectively, and
there was no statistically significant difference between the
two methods (P>0.05). ROC curves of the two methods in
different stages were plotted, respectively. It was found that the
areas under the curve (AUC) of ROC detected by CT perfusion
imaging and ultrasound elastography in the diagnosis of liver
fibrosis were 0.833 and 0.857, respectively (P>0.05). The AUC
values of patients detected by the two methods were 0.841
and 0.865 in S1, (P>0.05), 0.830 and 0.887 in S2, (P>0.05),
0.851 and 0.931 in S3, (P>0.05), and 0.951 and 0.970 in S4,
respectively (P>0.05) (Fig. 3).

Discussion

According to the statistics of the World Health Organization
(WHO), about 1/4 of the people in the world have ever had HBV
infection, 350 million people are diagnosed with chronic HBV
infection, and about 0.9-1 million people die of liver cirrhosis
or liver cancer due to HBV infection each year (13). CHB is a
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Figure 2. CT perfusion detection results. CT perfusion detection for fibrosis
in patients shows that there are differences among various stages: There are
statistically significant differences between S1-S4 (P<0.05); between S2-S4
(P<0.05); and between S3-S4 (P<0.05). CT, computed tomography.

chronic liver disease caused by persistent HBV infection; liver
fibrosis is a function repairing liver injury caused by CHB, and
it is also an unavoidable process of pathological changes of
liver cirrhosis and liver cancer in patients with CHB. Therefore,
accurate judgment and assessment of liver fibrosis can be very
effective in the customization and judgement of the prognosis
of patients with liver fibrosis. As a dynamic process of liver
tissue injury repair, liver fibrosis needs continuous testing and
observation. At present, liver biopsy is one of the gold standards
of liver fibrosis, but it will produce wounds to patients with
shortcomings such as poor repeatability, so it is not suitable
to be widely promoted in clinical practice. Non-invasive
diagnosis of liver fibrosis has been a hot topic in recent years,
and the accuracies of serum protein electrophoresis, fibrosis-4
(FIB-4) and other serum diagnostic methods are not ideal
compared with that of biopsy (14).

Clinically, CT measurement mainly focuses on cirrhosis
and liver cancer; CT perfusion directly reflects the structure
of tissues through the detection of the water molecular flow
within human tissues and blood flow perfusion, and it can also
be used to diagnose and identify liver lesions by observation
of the molecular level and provide information of clinical
value (7). At present, there are few studies on CT perfusion
of liver fibrosis. It has been reported (15) that after the treat-
ment by multislice CT (MSCT) perfusion technique, the
portal vein perfusion volume of cirrhosis < that of chronic
hepatitis < that of normal control group, which proves that in
the hepatitis-cirrhosis process, blood perfusion is gradually
varied. Fibroscan, as a new type of noninvasive in vitro diag-
nostic instrument, is an instrument for liver diseases, which
can be used for real-time monitoring of liver hardness through
low-frequency pulses, so as to determine the degree of liver
cirrhosis. Many studies in China and other countries have
shown that Fibroscan can be used as a relatively good diag-
nostic method for chronic liver fibrosis in hepatitis C patients,
and it has high diagnostic values in patients with HBV,
fatty liver and alcoholic liver disease (16,17). The article of
Roulot ef al (18) mentioned that the detection for 1,358 healthy
people by Fibroscan shows that the specificity and positive
detection rate of Fibroscan in the diagnosis of liver cirrhosis in
people over 45-years-old are up to 100%. This well illustrates
that liver fibrosis can be predicted by Fibroscan.
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Figure 3. ROC curves of Fibroscan detection and CT perfusion detection. ROC curves are used to analyze the detection results by two methods, which shows
that there is no difference between the two methods (P>0.05), but there is a good specificity and sensitivity, and there are also no differences in ROC curves
among different analyses (P>0.05). 3-1: The detection rates of Fibrosis and CT perfusion in patients were 0.919 and 0.956, (P>0.05). 3-2: The AUC values
of patients detected by the two methods were 0.841 and 0.865 in S1, (P>0.05); 3-3, were 0.830 and 0.887 in S2, (P>0.05); 3-4, were 0.851 and 0.931 in S3,
(P>0.05); and 3-5, were 0.951 and 0.970in S4, respectively (P>0.05). CT, computed tomography; ROC receiver operating characteristic; AUC, areas under the

curve.

In the present study, it was confirmed through liver biopsy
that 320 patients suffered from liver fibrosis at varying degrees;
besides, CT perfusion and Fibroscan were used for diagnostic
research in 320 patients so as to explore the accuracy rate of
the two methods in the diagnosis of liver fibrosis. The results
revealed that both methods had high accuracy rate (95.63
and 91.88%) in the diagnosis of liver fibrosis, and there was
no statistical difference between them. Studies (19,20) have
shown that CT perfusion technique and Fibroscan produce
good diagnostic results in liver fibrosis. Wang et al (6) applied
Fibroscan to detect the degree of liver fibrosis in patients with
chronic hepatitis, and the results showed that the positive diag-
nostic rate reaches 90%, which is basically the same as the
rate in this experiment, thus well proving the accuracy of the
experiment. The article of Hashimoto et al (21) indicated that
CT perfusion detection can be used to effectively detect the
degree of liver fibrosis and has great significance in prognosis
evaluation and diagnosis in patients. The clinical value of CT
perfusion in the diagnosis of liver fibrosis was further testified.
Therewith, ROC curve analysis was conducted for patients
with liver fibrosis at different degrees, and it was found that
there were no differences in AUC values measured by the
two different methods. However, compared with CT perfu-
sion, Fibroscan is characterized by high repeatability, simple
operation and relatively low cost. Both the two methods have
disadvantages since they radiate the human body; for example,
they will affect the growth of the baby in pregnant and lying-in
women. Therefore, the treatment method needs to be selected
according to the actual situation of patients.

There are still shortcomings in this study. Lack of subjects
led to biased experimental results in the retrospective analysis,
so the sample size needs to be expanded; the two methods
were simply compared in the experiment, and randomized

controlled experiments can be conducted in the future to
better prove the experimental results. Besides, Fibroscan is
popular in foreign countries, and a certain degree of biases
may be caused if Chinese population is graded according to
the reference range for foreign populations. Chinese people
are generally short in stature, and their intercostal spaces are
relatively narrow, which may affect the experimental results,
so there is a need to improve the accuracy of the experimental
results according to better standards set for Chinese people.

In conclusion, patients with liver fibrosis were diagnosed
by two different methods in this study, both of which have
significantly relatively high accuracies and are worthy of
promotion.
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