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Objective. 0is study aimed to explore the value of color Doppler ultrasound and multislice spiral CT (MSCT) in the differential
diagnosis of benign and malignant nodules in the liver. Methods. 0e clinical imaging data of 102 patients with nodular he-
patocellular carcinoma (hepatocellular carcinoma group) and 50 patients with focal nodular hyperplasia (FNH) of the liver (FNH
group) admitted to our hospital were collected, and their color Doppler ultrasound and MSCT imaging features were retro-
spectively analyzed to explore the value of their clinical application in the differential diagnosis of benign andmalignant nodules in
the liver. Results. 0e sensitivity, accuracy, and negative predictive value of MSCT in the diagnosis of nodular liver cancer were
94.12%, 92.76%, and 88.24%, respectively, which were significantly higher than those of color Doppler ultrasound 79.41%, 84.21%,
and 69.12%, and the difference was statistically significant (P< 0.05). Conclusion. In conclusion, the value of MSCT in the
differential diagnosis of benign and malignant liver nodules was significantly better than color Doppler ultrasound.

1. Introduction

Nodular hepatocellular carcinoma and focal nodular hy-
perplasia (FNH) are common types of hepatic solid occu-
pancies, which are malignant and benign lesions of the liver,
respectively [1, 2], and their diagnosis and differential di-
agnosis are the basis for rational diagnostic and therapeutic
measures [3]. 0e pathogenesis of nodular hepatocellular
carcinoma and focal nodular hyperplasia of the liver cannot
be fully explained clinically, and because both lesions are
liver lesions with abundant blood supply, the morphological
characteristics of the two diseases have certain similarities
and morphological features have certain overlap, which
make the differential diagnosis of some lesions difficult and
increase the difficulty of clinical diagnosis and treatment,
making the clinical differential diagnosis more difficult
[4–6]. Color Doppler ultrasonography is the most

commonly used imaging method for liver diseases, which
can localize and qualitatively diagnose lesions, but the di-
agnostic value is limited due to the poor resolution of the
image and the susceptibility to external factors [7, 8].
Multislice spiral CT (MSCT) has various advantages such as
high spatial resolution, large temporal resolution, nonin-
vasive, and high efficiency, and it can also display small
lesions more clearly, which can provide an important basis
for the clinical diagnosis of liver nodules [9–11].

In this study, color Doppler ultrasound and MSCTwere
used to differentiate nodular hepatocellular carcinoma from
focal nodular hyperplasia in the liver and to compare their
clinical value in the differential diagnosis of benign and
malignant nodules in the liver. We hypothesized that MSCT
was more sensitive than color Doppler ultrasound in dif-
ferentiating nodular hepatocellular carcinoma from focal
nodular hyperplasia in the liver.
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2. Materials and Methods

2.1. ClinicalData. Clinical imaging data of 102 patients with
nodular hepatocellular carcinoma (hepatocellular carci-
noma group) and 50 patients with focal nodular hyperplasia
of the liver (FNH) (benign group) admitted to our hospital
from January 2015 to December 2018 were collected and
retrospectively analyzed, and all patients underwent color
Doppler ultrasound and MSCT before treatment. 0e study
was approved by the Ethics Committee of Jiaozhou Central
Hospital, and patients signed an informed consent form to
participate in the study on a voluntary basis. Figure 1 shows
the flow of patients through the study.

2.2. Inclusion and Exclusion Criteria

2.2.1. Inclusion Criteria. 0e inclusion criteria were as
follows: the liver was found to be an occupying lesion with a
single nodular lesion on imaging; all were confirmed to be
nodular hepatocellular carcinoma or FNH by histopatho-
logical examination; it was the first visit and no radiotherapy
treatment was administered before the visit; and the clinical
and imaging data were complete.

2.2.2. Exclusion Criteria. 0e exclusion criteria were as
follows: patients with other types of liver space-occupying
lesions; patients with metastatic liver cancer; patients with
acute infectious diseases and congenital liver malformations;
patients with severe liver and kidney dysfunction; patients
who could not cooperate with the study due to various
reasons; and patients with Incomplete research data.

3. Methods

3.1. Color Doppler Ultrasonography. 0e patient was placed
in a supine position with a morning fast of more than 8
hours, and each section of the liver was carefully scanned by
a physician specialized in ultrasound. 0e liver paren-
chyma, the bile duct, and portal venous system were ob-
served in a left-to-right, top-down sequence, and the lesion
site, morphology, margins, echogenicity, and relationship
with adjacent tissues were observed and analyzed. Subse-
quently, the blood supply and blood flow within and
around the lesion were observed by color Doppler ultra-
sound mode. 0e blood flow signal was graded as [12]
follows: grade 0 was no blood supply within the tumor;
grade 1 had less blood supply within the tumor, 1-2
punctate blood flows; grade 2 had abundant blood flow in
the tumor, usually 3-4 punctate blood flow or 1-2 vessels;
grade 3 has abundant blood flow in the tumor, more than 4
punctate blood flow or more than 2 vessels. 0e blood flow
parameters such as hepatic artery diameter (mm), peak
hepatic artery flow velocity (cm/s), minimum hepatic ar-
tery flow velocity (cm/s), portal vein flow velocity (cm/s),
and resistance index (RI) were also measured with the help
of PW mode. Each patient was measured three times, and
the average value was taken.

3.2. Multislice Spiral CT Examination. 0e patient was ex-
amined in the supine position, and an axial and oblique scan
was performed from the top of the diaphragm to the iliac
crest, while a thin-layer scan of the liver region was per-
formed. Conventional scan parameters: layer thickness
10mm, layer spacing 10mm, tube voltage 120 kV, tube
current 120mAs, scan matrix 512×512, layer thickness
changed to 5mm after the discovery of the lesion, other
parameters remained unchanged, and the lesion was scan-
ned plainly. Enhancement scan: iohexol (Bayer Pharma,
State Drug Administration H10970416) was injected at a rate
of 3m/s using a syringe at a dose of 80–100mL.0e dynamic
phase scan was performed within 10–30 s after iohexol in-
jection using the intraabdominal MSCT value monitoring
technique at the abdominal stem level, and the scan was
delayed for 8 s after reaching the threshold of 100HU, and
the portal vein phase scan was performed 30 s after the end.
Two sets of reconstructions were performed, one with
conventional mixed energy images and the other with
70 keV single energy, and imported into the energy spectrum
analysis software for analysis.

3.3. StatisticalAnalysis. 0e data were analyzed by SPSS 21.0
software and expressed by the mean± standard deviation
(‾x± s). 0e comparison between groups was performed by
the t-test; the count data were expressed by the rate (%), and
the chi-square test was used. 0e value of color Doppler and
MSCT in the diagnosis of nodular liver cancer was statis-
tically calculated by the four-grid table method, and the
difference was statistically significant with P< 0.05.

4. Results

4.1. Comparison of Color Doppler Ultrasound Characteristics
of the Liver in the Nodular Hepatocellular Carcinoma Group
and the FNH Group. Clinical imaging data of 102 patients
with nodular hepatocellular carcinoma (hepatocellular
carcinoma group) and 50 patients with focal nodular hy-
perplasia of the liver (FNH) (benign group) admitted to our
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Figure 1: Flow diagram of participants in our study.
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hospital from January 2015 to December 2018 were collected
and retrospectively analyzed, and all patients underwent
color Doppler ultrasound and MSCT before treatment.
Hepatocellular carcinoma group: 69 males and 33 females,
aged 35–82 years, mean (59.23± 12.35) years; FNH group:
35 males and 15 females, age 36–85 years, mean
(58.29± 12.67) years. 0e differences in gender and age
between the two groups were not statistically significant
(P> 0.05) and were comparable (Table 1).0e color Doppler
ultrasound manifestation of hepatocellular carcinoma was
that the interior of the lesion was isoechoic, hypoechoic, and
hyperechoic. 0e tumor had no obvious capsule and ir-
regular margins, and the lesion was rich in blood flow signal
and showed “high speed and high resistance” (Figure 2). 0e
incidence of portal vein cancer thrombosis, cirrhosis, and
lymph node enlargement was higher in the nodular hepa-
tocellular carcinoma group than in the FNH group, the
incidence of central scar in nodular hepatocellular carci-
noma group was lower than that in the FNH group, and the
proportion of lesions located under the liver capsule in the
nodular hepatocellular carcinoma group was lower than in
the FNH group, and the differences were statistically sig-
nificant (P< 0.05) (Table 2).

4.2. Comparison of Color Doppler Ultrasound Blood Flow
Parameters between the Nodular Hepatocellular Carcinoma
Group and FNH Group. As given in Table 3, the hepatic
artery diameter, peak flow velocity, minimum flow velocity,
and resistance index (RI) were significantly higher in the
nodular hepatocellular carcinoma group than in the FNH
group (P< 0.05), and the portal vein flow velocity was
significantly lower than in the FNH group (P< 0.05).

4.3. Comparison of Blood Flow Signals in Patients in the
Nodular Hepatocellular Carcinoma Group and FNH Group.
Nodular hepatocellular carcinoma showed mainly grades 2-
3 blood flow signal, while the FNH group showed mainly
grades 0-1. 0e difference in blood flow signal grading
between the two groups was statistically significant (P< 0.01)
(Table 4).

4.4. Comparison of MSCT Images of Nodular Hepatocellular
Carcinoma and FNH. 0e MSCT scan of nodular hepato-
cellular carcinoma lesions was predominantly low density,
with a few showing calcifications. Nodular hepatocellular
carcinoma showed “fast revealing and fast out” intensifi-
cation with heterogeneous intensification, including patchy
and nodular intensification in the arterial phase scan, and
the degree of intensification in the venous and equilibrium
phases continued to decrease (Figure 3). In MSCT scan or
multiphase enhancement scan of focal nodular hyperplasia
of the liver, the lesions have uniform internal density, and
low-density scar structures can be seen in the center of large-
sized lesions. Significant enhancement could be observed in
the arterial phase on enhancement scan, and the enhance-
ment of lesions in the venous and delayed phases decreased
(Figure 4).

4.5. Comparison of Quantitative Parameters of MSCT Energy
Spectrum between the Nodular Hepatocellular Carcinoma
Group and FNH Group. 0e standardized iodine concen-
tration and concentration of iodine in the lesion and the
surrounding liver tissue were lower in arterial and portal
stage nodular hepatocellular carcinoma than in focal nod-
ular hyperplasia of the liver (P< 0.01) (Table 5).

4.6. Comparison of Noise Ratio at Different Energy Levels in
MSCT of Patients with Nodular Hepatocellular Carcinoma
and FNH. 0e noise ratios of hepatocellular carcinoma at
40 keV, 90 keV, and 140 keV energy levels in the arterial
phase were all lower than those of the FNH group, and the
differences were statistically significant (P< 0.01). 0e noise
ratios of hepatocellular carcinoma at 90 keV and 140 keV
energy levels in the venous phase were all higher than those
of the FNH group, and the differences were statistically
significant (P< 0.01) (Table 6).

4.7. Comparison of Diagnostic Value of Color Doppler Ul-
trasound and Multilayer Spiral MSCT in Nodular Hepato-
cellularCarcinoma. Using pathological diagnosis as the gold
standard, the sensitivity, accuracy, and negative predictive
value of MSCTfor the diagnosis of hepatocellular carcinoma
were significantly improved compared with color Doppler
ultrasound (P< 0.05) (Table 7).

5. Discussion

Primary hepatocellular carcinoma is currently the sixth most
common cancer in the world, ranking fourth in cancer-
related deaths and posing a serious threat to human health
[13]. Since early symptoms of hepatocellular carcinoma are
nonspecific, patients are often at advanced stages when they
come to hospital and the prognosis is poor, so early diagnosis
is especially important [14, 15]. 0e effective treatment for
early stage hepatocellular carcinoma is surgical resection and
liver transplantation, and about 85% of patients with ad-
vanced hepatocellular carcinoma lose the opportunity of
surgical treatment [16, 17]. Both nodular hepatocellular
carcinoma and focal nodular hyperplasia of the liver present
as occupying lesions of the liver, and the clinical manifes-
tations and morphological features of both have some
overlaps, which are not easy to differentially diagnose in
early stages [18, 19]. 0erefore, it is extremely important to
use effective measures for the differential diagnosis of
nodules in a timely manner. Imaging tools such as color
Doppler ultrasound and MSCT are often used clinically to
differentially diagnose nodular hepatocellular carcinoma
from focal hyperplastic lesions of the liver.

Color Doppler ultrasonography has the advantages of
easy operation, low cost, and high tissue resolution, making
it the preferred imaging method for occupying liver lesions.
0e results of this study showed that the benign and ma-
lignant lesions could also be identified by changes in blood
flow signal within the lesion. However, color Doppler ul-
trasonography is easily influenced by factors such as res-
piration, body position, obesity, acoustic window, and angle,
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Table 1: Baseline comparison between the two groups.

Variable Hepatocellular carcinoma (n� 102) FNH group (n� 50) P
Gender

0.769Male 69 35
Female 33 15

Age (years) 59.23± 12.35 58.29± 12.67 0.412
Cirrhosis

0.730Yes 52 24
No 50 26

HBV
0.923Negative 60 29

Positive 42 21

(a) (b)

Figure 2: 0e color Doppler ultrasound manifestation of hepatocellular carcinoma. (a)0e patient was a 58-year-old male with a history of
hepatitis B. Two-dimensional ultrasound of the liver shows that 3.2∗ 3.2 cm hypoechoic nodules were visible in the liver, and the boundary
was still clear. (b) Blood flow signals can be seen inside and around the mass. Pulse Doppler showed that the blood flow was high speed and
high impedance, RI: 0.83.

Table 2: Comparison of color Doppler ultrasound characteristics of the liver in the nodular hepatocellular carcinoma group and the FNH
group (n (%)).

Group n 0e lesion located under the liver
capsule

Central
scar

Portal vein tumor
thrombus

Liver
cirrhosis

Swollen
lymph
nodes

Nodular hepatocellular
carcinoma 102 22 (21.57)a 15 (14.71)a 22 (21.57)a 61 (59.80)a 20 (18.18)a

FNH 50 26 (52.00) 31 (62.00) 0 (0.00) 7 (14.00) 1(2.00)
X2 14.381 35.560 12.609 28.473 13.760
P ≤0.001 ≤0.001 ≤0.001 ≤0.001 ≤0.001
Compared with the FNH group, aP<0.01.

Table 3: Comparison of color Doppler ultrasound blood flow parameters between the nodular hepatocellular carcinoma group and FNH
group (‾x± s).

Group n Hepatic artery
diameter (mm)

Peak hepatic artery
velocity (cm/s)

Minimum flow velocity of
hepatic artery (cm/s)

Resistance
index (RI)

Portal vein flow
rate (cm/s)

Nodular
hepatocellular
carcinoma

102 5.56± 0.42b 118.32± 15.73b 22.65± 3.12b 0.84± 0.06b 10.52± 1.08b

FNH 50 4.02± 0.31 63.25± 5.97 8.69± 1.62 0.44± 0.03 18.01± 3.69
t 3.310 7.963 3.569 5.301 -3.126
P 0.015 ≤0.001 0.012 0.001 0.029
Compared with the FNH group, bP< 0.05.
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which can lead to a high rate of missed diagnosis and
misdiagnosis, especially in the context of cirrhosis, where the
echogenic characteristics of small hepatocellular carcinoma
and benign hepatic hyperplastic nodules are more similar,
and the lack of envelope or acoustic corona nearby leads to a
high rate of misdiagnosis and difficulty in characterization
[20]. 0erefore, the differential diagnosis of benign and
malignant hepatic nodules by color Doppler ultrasound
alone is of limited value.

Compared with ultrasound, MSCT is not interfered by
obesity, breathing, and other factors and can clearly display
the anatomical structure of the human liver, with various
advantages such as high spatial resolution, large temporal
resolution, noninvasive, and high efficiency. MSCT can also

display small lesions more clearly, which can provide an
important basis for clinical diagnosis. In the reconstruction
process, the use of different reconstruction modes can
provide more information and better observation angles
[21]. 0e MSCT scan of primary nodular hepatocellular
carcinoma lesions is predominantly low density, with a few
calcifications; it shows “fast revealing and fast out” inten-
sification, with uneven intensification, and the arterial phase
scan shows patchy and nodular intensification, and the
venous and equilibrium phases show a continuous decrease
in intensification [22, 23]. 0e MSCT scan of focal nodular
hyperplasia in the liver is predominantly slightly lower
density, with heterogeneous density and stellate, striated, or
fissured, and most of the visible lesions have typical central

Table 4: Comparison of blood flow signals in patients in the nodular hepatocellular carcinoma group and FNH group (n (%)).

Group n Grade 0 Grade 1 Grade 2 Grade 3
Nodular hepatocellular carcinoma 102 0 (0.00)c 13 (12.75)c 53 (51.96)c 36 (35.29)c

FNH 50 30 (60.00) 18 (36.00) 2 (4.00) 0 (0.00)
X2 76.249 11.176 33.423 23.124
P ≤0.001 ≤0.001 ≤0.001 ≤0.001
Compared with the FNH group, cP< 0.01.

(a) (b)

(c) (d)

Figure 3: MSCT image of hepatocellular carcinoma. Male patient, 62 years old.
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Table 5: Comparison of quantitative parameters of MSCTenergy spectrum between the nodular hepatocellular carcinoma group and FNH
group (�x± s).

Group n
Standardized iodine concentration Iodine concentration in the lesion

and surrounding liver tissue
Arterial phase Portal phase Arterial phase Portal phase

Nodular hepatocellular carcinoma 102 0.21± 0.10d 0.51± 0.15d 3.15± 0.79d 0.93± 0.16d
FNH 50 0.46± 0.19 0.94± 0.32 5.97± 1.68 1.31± 0.29
t 10.235 13.264 16.389 8.674
P ≤0.001 ≤0.001 ≤0.001 ≤0.001
Compared with the FNH group, dP< 0.01.

(a) (b)

(c) (d)

Figure 4: MSCT image of focal nodular hyperplasia of liver. Female patient, 52 years old.

Table 6: Comparison of noise ratio at different energy levels in MSCTof patients with nodular hepatocellular carcinoma and FNH (�x± s).

Group n
Arterial phase Portal phase

40KeV 90KeV 140KeV 40KeV 90KeV 140KeV
Nodular hepatocellular carcinoma 102 3.21± 1.18e 0.73± 0.35e 0.31± 0.08e 1.10± 0.19 1.23± 0.53e 0.84± 0.23e
FNH 50 7.69± 1.53 2.20± 0.79 0.57± 0.15 1.09± 0.21 0.32± 0.11 0.45± 0.12
t 16.325 18.452 10.324 0.408 9.374 11.234
P ≤0.001 ≤0.001 ≤0.001 0.685 ≤0.001 ≤0.001
Compared with the FNH group, eP< 0.01.
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scars, which have a high differential value [24, 25]. However,
there is a certain percentage of misdiagnosis due to the
overlap between the imaging manifestations of the two. In
this study, the analysis of reconstructed images showed that
the standardized iodine concentration, lesion, and sur-
rounding liver tissue iodine were higher for focal nodular
hyperplasia of the liver in the arterial and portal phases
compared with nodular hepatocellular carcinoma. More-
over, the noise ratio was higher for hepatocellular carcinoma
at different energy levels in the arterial phase and lower for
venous. It is suggested that the difference in iodine con-
centration and noise ratio between nodular hepatocellular
carcinoma and focal nodular hyperplasia of the liver after
reconstruction by images was significant and could be used
as a basis for differentiating between the two.

In conclusion, color Doppler ultrasound could diagnose
nodular hepatocellular carcinoma and focal lesions of the
liver effectively by two-dimensional ultrasound and blood
flow at the lesion site, and MSCT could effectively diagnose
nodular hepatocellular carcinoma and focal lesions of the
liver by different indicators such as enhancement and
quantification of portal vein and arterial phase energy
spectrum. MSCT was of a higher diagnostic value in iden-
tifying benign and malignant nodules in the liver. Never-
theless, the results should be further confirmed in a larger
number of patients in the future study.

Data Availability

0e data used to support the findings of this study are
available from the corresponding author upon request.
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