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Abstract

Purpose To explore the diagnostic value of American College of Radiology Contrast-Enhanced Ultrasound-Liver Imaging
Reporting and Data System (ACR-CEUS-LI-RADS) for hepatocellular carcinoma (HCC) in patients with cirrhosis and
chronic hepatitis B.

Methods A total of 205 patients at high risk of HCC with solitary hepatic nodule were enrolled and retrospectively analyzed.
All patients were over 18 years old and had a single lesion with a diameter < 50 mm. Lesions were categorized according
to size and contrast enhancement patterns in the arterial, portal venous and late phases. Diagnostic efficacy of CEUS LI-
RADS for HCC, and the rate of non-HCC malignancies in the LR-M class were compared between patients with cirrhosis
and chronic hepatitis B.

Results Of all 205 nodules (median nodule size was 34 mm), 142 (69.3%) were HCC. Of the 127 (61.9%) LR-5 category
nodules, 95.8% (92/96) nodules were corresponded to HCC in cirrhosis, while 61.3% (19/31) nodules were corresponded to
HCC in chronic hepatitis B (P =0.000). Positive predictive value (PPV) of LR-5 category for HCC was 95.8% in cirrhosis
and 61.3% in chronic hepatitis B (P=0.000). More category of LR-4 nodules were proved to be HCC in patients with cir-
rhosis than chronic hepatitis B (80.0% vs 8.3%, P=0.000). Of 41 LR-M category nodules, more non-HCC malignancies
were found in chronic hepatitis B (76.0%) than that in cirrhosis (25.0%, P=0.001).

Conclusions The LR-5 category is highly specific for the diagnosis of HCC in patients with cirrhosis. However, LR-5 cat-
egory nodules require further CT or MRI examination or histological confirmation in patients with chronic hepatitis B for
its unsatisfactory PPV for HCC.
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Introduction

Liver cancer is the fifth malignant tumor and the third
leading cause of cancer death in the world as well as the
second most common cause of cancer-related death in
men in China [1]. Hepatocellular carcinoma (HCC) is the
most common pathological type of primary liver cancers,
accounting for about 90%, which is seriously detrimental
to human health in the world [2]. High risk factors of HCC
mainly include liver cirrhosis, viral hepatitis (including
hepatitis B virus infection and hepatitis C virus infec-
tion), chronic alcoholism, non-alcoholic fatty hepatitis
and food contaminated with aflatoxin [3]. There is no
typical clinical symptom in the early stage of HCC, about
60% of the patients have progressed to the advanced stage
when they are diagnosed, and lose the chance of opera-
tion [4]. Early diagnosis of HCC is extremely important to
improve the prognosis of the patients. Contrast enhanced
ultrasound (CEUS) contrast-enhanced computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) were
recommended the main diagnostic methods of focal liver
lesions. The reported sensitivity of CEUS in diagnosis of
hepatic nodule was more than 95%, and the specificity was
close to 90% [5]. CEUS possesses comparable diagnos-
tic capacity for HCC compared with contrast-enhanced
CT and MRI [6]. The clinical value of using CEUS to
establish the diagnosis of HCC was recognized by the
Japanese, Canadian, and Italian association of liver dis-
eases and Asia Pacific hepatology or liver cancer society,
EASL [7-11]. On the contrary, CEUS was excluded from
the American Association for the Study of Liver Diseases
(AASLD) [11]. The main reason was the potential risk of
misdiagnosis of intrahepatic cholangiocarcinoma (ICC) for
HCC [12, 13]. The differential diagnosis between them
was necessary because clinical management and prognosis
were widely divergent. Since then, details about the tem-
poral enhancement of HCC and ICC on CEUS were com-
pared and analyzed. These studies showed that peripheral
enhancement, early (within 60 s after contrast injection)
and marked washout were much more common in ICC
than in HCC on CEUS [14, 15]. Based on these reports
describing CEUS features of ICC and HCC, the American
College of Radiology (ACR) released the diagnostic algo-
rithm (CEUS Liver Imaging Reporting and Data System
[LI-RADS]) for the lesions in patients at high risk of HCC
in 2016 [16]. And the working group made a revision in
2017 [17]. The aim of the scheme was to evaluate the pos-
sibility of HCC in liver focal lesions in patients at high
risk of HCC. The typical enhancement pattern of HCC was
classified as LR-5, corresponding to hyperenhancement
(rim and peripheral nodular enhancement excluded) in
arterial phase followed by late (onset > 60 s after contrast

injection) and mild washout [16]. Classifications of LR-3
and LR-4 respectively represented an immediate or high
probability of HCC. In addition, LR-M referred to the
malignancy not specific for HCC, but rather suggestive
of the possibility of ICC, mixed ICC-HCC or other non-
hepatocellular malignancies. Terzi et al. have performed
a study on diagnostic efficiency of CEUS LI-RADS algo-
rithm for HCC in Italian patients with cirrhosis, indicating
that LR-5 CEUS class was an optimal diagnostic tool for
HCC [18]. However, the algorithm of CEUS LI-RADS
was needed to be validated in other population with high
risk of HCC, because this algorithm was applied not only
in cirrhosis but also in other high-risk patients according
to official version by ACR in 2016 and 2017. Nevertheless,
diagnostic efficacy of CEUS LI-RADS algorithm for HCC
in patients with chronic hepatitis remains unknown.

The main purposes of our study are: (1) to explore the
diagnostic value of CEUS LI-RADS for HCC in high-risk
patients; (2) to compare the diagnostic efficacy of CEUS
LI-RADS for HCC in patients with cirrhosis and chronic
hepatitis B; (3)to quantify the risk of nodules being HCC in
the LR-3 and LR-4 classes in cirrhosis and chronic hepatitis
B; (4) to compare the rate of non-HCC malignancies in the
LR-M class in cirrhosis and chronic hepatitis B.

Materials and methods
Patients

This retrospective study was approved, and the requirement
for informed consent was waived, by the institutional review
board of Southwest Hospital and the Third Affiliated Hospi-
tal of Chongqing Medical University. A total of 668 patients
who had liver CEUS examination and pathological diag-
nosis after surgical resection or ultrasound guided biopsy
in Southwest hospital Affiliated to Army Medical Univer-
sity (between January 2016 and December 2016) and the
Third Affiliated Hospital of Chongqing Medical University
(between May 2016 and December 2019) were retrospec-
tively analyzed. A review of the HIS system and hospital
database, laboratory examination (including hepatitis B
virus marker, anti-HCV, autoimmune antibody, AFP value,
liver function) and clinical information of each patient were
collected. We performed a per-patient analysis. The inclu-
sion criteria were as follows:

(1) Patients with high risk factors of HCC, including cir-
rhosis, and chronic hepatitis B;

(2) Patients with single solid nodule <50 mm,;

(3) The final diagnosis of hepatic nodule had been verified
pathologically;
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(4) Real-time CEUS of hepatic nodule was performed
within less than a month
(5) before resection or biopsy;

The exclusion criteria were as follows:

(1) Patients without above risk factors of HCC,

(2) Tumor size > 50 mm which often have intra-tumoural
necrosis that unpredictably influences the contrast
enhancement pattern on CEUSG6;

(3) Nodule number >2 because CEUS could not scan mul-
tiple nodules simultaneously after one injection of con-
trast agent if the nodules are not at the same scan plane.
In addition it is difficult to correspond the pathology
of each tumor exactly to the imaging of ultrasound in
patients with multiple hepatic lesions;

(4) Patients with hepatic vascular thrombosis which may
influence the hepatic dynamic circulation;

(5) Clinical intervention (such as systemic chemotherapy,
transhepatic arterial chemotherapy and embolization,
radiofrequency ablation or liver resection) prior to
CEUS;

(6) Invisible at pre-contrast ultrasound;

(7) Patients < 18 years old or other contraindication to
CEUS.

According to the inclusion and exclusion criteria men-
tioned above, a total of 205 patients with risk factors of
HCC were enrolled in the study. The patients were excluded
including 323 cases with tumour diameter > 50 mm, 70 cases
with tumor number > 2, 29 cases with clinical intervention
prior to CEUS, 6 cases with hepatic vascular thrombosis, 9
cases with invisible nodules at pre-contrast ultrasound and
26 cases without the high risk factors of HCC. All patients
with chronic hepatitis B were diagnosed according to the
criteria updated by American Association for the Study of
Liver Diseases (AASLD) in 2018 [19].

Ultrasound examination

The Siemens Acuson Sequoia 512 ultrasound unit (Siemens
Medical Solutions, Santa Clara, Calif) and Siemens Acuson
S2000 ultrasound unit (Siemens Medical Solutions, Erlan-
gen, Germany) were applied for CEUS examination. Before
CEUS examination, the characteristics of each patient,
including location, shape, size, echogenicity, and color Dop-
pler feature were recorded at baseline US examination by
using 4C1 convex array probe and 6C1 convex array probe
respectively. CEUS was performed by using contrast pulse
sequencing (CPS) imaging. Dual imaging mode and real
time imaging were used with a low mechanical index of
less than 0.3 to avoid the bubbles disruption. The contrast
agent SonoVue (Bracco Imaging B.V, Geneva, Switzerland)
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was used throughout the study period. A volume of 2.4-
ml agent was injected into cubital vein in bolus via a 20
G catheter over 2-3 s followed by a 5-ml saline flush at
the speed about 2 ml/s. Hepatic lesion was scanned con-
tinuously within 1 min after SonoVue injection and scanned
intermittently up to 4—6 min until minimize microbubble
destruction. And the enhancement procedure was consisted
of the arterial phase (0-30 s from the SonoVue bolus injec-
tion), portal phase (31-120 s after the injection), and delayed
phase (121-240 s after the injection) according to European
Federation of Societies for Ultrasound in Medicine and Biol-
ogy (EFSUMB) recommendations [6]. All images of CUES
were digitally stored.

In each case, the enhancement patters were analyzed who
were blind to the pathological diagnosis and the CT or MRI
findings. We defined the enhancement patters according to
the predominant pattern occupying more than 50% of area of
the lesion while compared to adjacent hepatic parenchyma
on CEUS. The enhancement patterns of HCC at arterial
phase were classified as follows:

(1) Homogeneous enhancement—the whole nodule shows
hyperechoic homogeneously compared with the sur-
rounding liver parenchyma.

(2) Heterogeneous enhancement—when the lesion displays
mixed hyper-enhancement at the periphery and the cen-
tral part of the lesion, enhancement area involves more
than half of the lesion.

(3) Peripheral enhancement—irregular ring-like hyper-
enhancement at the peripheral part of the lesion with
sparse filiform and punctiform internal enhancement.

(4) Iso-enhancement—enhancement degree of the lesion
is similar to the surrounding liver parenchyma.

(5) Hypo-enhancement—the lesion enhances in the less
degree than that of surrounding liver tissue.

(6) Non-enhancement—there is no enhancement (micro-
bubbles do not appear) at both the periphery and the
central part of the lesion.

Washout was defined as the reduction in enhancement in
whole or part relative to liver beginning in or after arterial
phase and resulting in hypoenhancement. Early washout is
a temporally defined subtype of washout in which oneset
is within 60 s from contrast injection. Marked washout is
degree-defined subtype in which the degree of washout is
marked within 2 min after contrast injection. Observation
appears black or punched out [17].

CEUS LI-RADS

The ACR developed a CEUS-based algorithm called CEUS-
LI-RADS (Fig. 1) [16]. CEUS-LI-RADS contains five cat-
egories named LR-1, LR-2, etc., with LR-1 designating
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Observation in high-risk patient on pre-contrast US

Inadequate Treated Untreated observation
assessment § observation

Definitely | Probably B Tumorin Solid nodule, not definitely
benign benign vein or probably benign

R LR-2 Definitely or probably
Inadequate eated malignant, not R

specific for HCC?

Arterial phase Arterial phase
hypo/isoenhancement hyperenhance ment’
Dimension (mm) <20 220 <10 210
No washout of any type LR-3 LR-3 LR-3 LR4
Late and mild washout? LR-3 LR-4 LR-4

Apply ancillary features and then apply tie-breaking rules to adjust category as approprate
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Fig.1 The CEUS-LI-RADS algorithm, taken from: American College of Radiology. Liver Imaging Reporting and Data System version 2016.
CEUS contrast-enhanced ultrasound, HCC hepatocellular carcinoma, LI-RADS liver imaging reporting and data system, US ultrasonography.

Fig.2 Enhancement features of
LR-4 category nodule. FNH in
a 41-year-old man with chronic
hepatitis B. The lesion with

a diameter of 42 mm showed
hypoechoic on conventional
ultrasound (A), intense arterial
hyperenhancement (12 s) (B)
and showed slightly hyper-
ehnacement in the portal (1 m
46 s) (C)and the delayed phase
(4 m) (D)
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definitely benign lesions, LR-2 designating probably benign
lesions, LR-3 designating intermediate probability for HCC,
LR-4 designating probably HCC (Fig. 2), and LR-5 designat-
ing definite HCC (Fig. 3). LR-M is used for lesions definitely
or probably malignant, not specific for HCC (Fig. 4).

The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and accuracy of
HCC were calculated by comparing with the histological
diagnosis.

Fig.3 Enhancement features

of LR-5 category nodule.
Moderately differentiated HCC
with a diameter of 22 mm in a
43-year-old man with cirrhosis.
The tumour appears hypoechoic
on conventional ultrasound (A),
global arterial hyperenhance-
ment (17 s) (B) followed by
slight washout in the portal

(2 m) (C) and the late phase (3
m10 s) (D)

Fig.4 Enhancement features
of LR-M category nodule. ICC
with a diameter of 35 mm in a
42-year-old man with cirrhosis.
The tumour appears hypoechoic
on conventional ultrasound
(A), intense arterial hyperen-
hancement (18 s) (B) followed
by washout in the early portal
phase (38 s) (C) and marked
washout in the late phase (2 m
47 s) (D)
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Histological examination

All patients obtained histological diagnosis by analyzing
surgical section specimen (193 cases) or biopsy specimen
(12 cases). US-guided biopsy was done at both within the
nodule and the adjacent liver tissue using gauge 18 nee-
dle (Bard Peripherals Vascular Inc, Tempe, Arizona 85281,
USA). Liver sections or biopsy specimens were fixed with
10% formalin, stained with haematoxylin and eosin (HE)
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followed by immunohistochemical staining. Final pathologi-  Table 1 Characteristics of 205 patients at high risk of HCC
cal diagnosis was made by pathologist who was blind to the ;
.. . . . Age median [range] (years) 52 [19-83]
clinical information and CEUS findings.
Gender, male/female, 1 (%) 162 (79.0%)/43 (21.0%)
e . Nodule si di 34 [10-50
Statistical analy5|s odule size median [range] (mm) [ ]
10-20 mm, n (%) 27 (13.2%)
21-30 mm, n (%) 53 (25.8%)

SPSS 18.0 statistical software package (SPSS Inc, Chicago,
IL) was used to perform data analysis. A P value smaller
than 0.05 was considered as significant for each test. Data
was expressed as mean =+ standard deviation. The sensitivity,
specificity, PPV, NPV, and accuracy between patients with
cirrhosis and patients with chronic hepatitis were compared
by chi-square test.

Results

A total of 205 patients with high risks for HCC were
included (mean age 53.1 & 12.0 years). The characteristics of
the patients are summarized in Table 1. One hundred thirty
two (64.4%) cases with cirrhosis were included and almost
all of them were associated with chronic hepatitis B. The
remaining seventy-three cases (36.7%) were diagnosed as
chronic hepatitis B according to the diagnostic criteria of
chronic hepatitis B updated by AALSD in 2018. The mean
size of the lesions was 32.53 £9.91 mm (median 34 mm,
range 10-50 mm). One hundred and forty two (69.3%) cases
were diagnosed as HCC (well/moderately/poorly differenti-
ated: 18/95/29), whereas twenty-six (12.7%) were diagnosed
as malignancy but not HCC (including thirteen ICCs, eight
metastases, two lymphoepithelioma-like carcinomas, one
hepatic neuroendocrine tumor, one spindle cell tumor and
one follicular dendritic cell sarcoma). Thirty-seven cases
(18.0%) were diagnosed as benign lesions (including ten
focal nodular hyperplasias (FNH), seven cirrhotic regen-
erative nodules, seven inflammatory lesions, five hepatic
angioleiomyolipomas, four hemangiomas, three cholangio-
genic benign tumors and one hepatic adenoma). Most benign
nodules (87.5%) in patients with cirrhosis are cirrhotic nod-
ules. HCC was significantly more common in patients with
cirrhosis than patients with chronic hepatitis B (90.1% vs
31.5%, P=0.000), while non-HCC malignancy such as ICC
and metastasis, was more common in patients with chronic
hepatitis B than with cirrhosis (28.8% vs 3.8%, P =0.000).
CEUS LI-RADS classification in patients with liver cir-
rhosis was showed in Table 2.The LR-5 pattern was present
in 96 of all 132 nodules (72.7%) and corresponded to HCC
in 92 (95.8%) of cases (well/moderately/poorly differenti-
ated: 11/66/15). Of the four remaining LR-5 cases, three
were cirrhotic regenerative nodules, and one lymphoepithe-
lioma-like carcinoma. The LR-M category was displayed in
16 of all 132 nodules (12.1%), 11 out of the 16 LR-M cat-
egory nodules (68.7%) were HCC (well/moderately/poorly

31-50 mm, n (%)
Cirrhosis/chronic hepatitis B, n (%)
Histological distribution (cirrhosis/CHB,

125 (61.0%)
132 (64.4%)/73 (35.6%)

n (%))

HCC 119 (90.2%)/23 (31.5%)
Well differentiated 15 (12.6%)/3 (13.0%)
Moderately differentiated 79 (66.4%)/16 (69.6%)
Poorly differentiated 25 (20.0%)/4 (17.4%)

Cirrhotic regenerative nodule 7(5.3%)/0

ICC 2 (1.5%)/11 (15.06%)
1 (0.8%)/7 (9.6%)
1 (0.8%)/6 (8.2%)

Metastasis

Inflammatory lesion

Follicular dendritic cell sarcoma 1 (0.8%)/0
Lymphoepithelioma-like carcinoma 1 (0.8%)/1 (1.4%)
FNH 0/10 (13.7%)
HAML 0/5 (6.8%)
Hemangioma 0/4 (5.5%)
Hepatic adenoma 0/1 (1.4%)
Biliary cystadenoma 0/1 (1.4%)
Biliary hamartoma 0/1 (1.4%)
Bile duct adenoma 0/1 (1.4%)
Hepatic neuroendocrine neoplasm 0/1 (1.4%)
Spindle cell tumor 0/1 (1.4%)

HCC hepatocellular carcinoma, /CC intrahepatic cholangiocarci-
noma, FNH focal nodular hyperplasias, HAML hepatic angioleiomy-
olipomas

differentiated: 0/5/6). Of the five remaining LR-M nodules,
four were non-HCC malignancies (including two ICCs, one
metastasis and one follicular dendritic cell sarcoma) and one
inflammatory lesion. LR-4 category was found in 20 of all
132 nodules (15.2%), and 16 of 20 LR-4 category lesions
(80%) were HCCs (well/moderately/poorly differentiated:
4/8/4). The remaining four nodules were cirrhotic regenera-
tive nodules.

CEUS LI-RADS classification in patients with chronic
hepatitis B was showed in Table 2. The LR-5 pattern was
present in 31 of all 73 nodules (42.5%) and corresponded
to HCC in 19 cases (61.3%) (well/moderately/poorly dif-
ferentiated: 3/14/2). Of the 12 remaining nodules, 10 were
benign nodules (four FNHs, two angioleiomyolipomas,
two inflammatory lesions, one bile duct adenoma and one
hemangioma) and two were ICCs. The LR-M category was
displayed in 25 of all 73 nodules (34.2%), and 19 (76.0%)
nodules were non-HCC malignancies (nine ICCs, seven
metastases, one lymphoepithelioma-like carcinoma, one
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Table 2 Distribution of CEUS

. o Cirrhosis Chronic hepatitis B

LI-RADS classification in

patients with liver cirrhosis and HCC Benign Malignancy  Total HCC Benign Malignancy  Total

chronic hepatitis B nodules not HCC nodules not HCC
LR-1 0 0 0 0 0 2 0 2
LR-2 0 0 0 0 00 0 0
LR-3 0 0 0 0 0 3 0 3
LR-4 16 4 0 20 11 0 12
LR-5 92 3 1 96 19 10 2 31
LR-M 11 1 4 16 3 3 19 25
Total 119 8 5 132 23 29 21 73

HCC hepatocellular carcinoma, CEUS contrast-enhanced ultrasound, LI-RADS liver imaging reporting and

data system

hepatic neuroendocrine tumor and one Spindle cell tumor).
For the six remaining nodules, three were moderately-
poorly differentiated HCCs and three were inflammatory
lesions. The LR-4 category was displayed in 12 nodules
of all 73 nodules (16.4%), and 11 of 12 LR-4 category
lesions (91.7%) were benign, including six FNHs, three
angioleiomyolipomas, one hepatic adenoma, and one
hemangioma. Only one moderately differentiated HCC
was classified as LR-4. Two LR-3 nodules were biliary
cystadenoma and biliary hamartoma without APHE and
washout. The remaining two benign hemangiomas, with
typical peripheral discontinuous globular enhancement,
were categorized as LR-1.

Of the total 205 nodules, 127(61.9%) nodules were
classified as LR-5. 95.8% (92/96) LR-5 nodules were cor-
responded to HCC in cirrhosis,while 61.3% (19/31) were
corresponded to HCC in chronic hepatitis B (P =0.000).
The LR-M category was displayed by 41 (20.0%) of all 205
nodules, and 68.8% (11/16) nodules were HCC in cirrhosis
and 76.0% (19/25) were non-HCC malignancies in chronic
hepatitis B. In cirrhosis, most (11/16, 68.7%) LR-M cat-
egory nodules were moderately-poorly differentiated
HCC. A total of 32/205 (15.6%) lesions were categorized
as LR-4, and most of the LR-4 nodules (80.0%,16/20) in
cirrhosis were HCCs while most LR-4 nodules in chronic
hepatitis B were benign lesions (11/12, 91.7%). The rate
of HCC in LR-4 pattern nodules and LR-5 pattern nod-
ules was 53.1% and 87.4%, respectively. The diagnostic
efficiency of CEUS LI-RADS for HCC between cirrho-
sis and chronic hepatitis B was showed in Table 3. The
sensitivity, specificity and accuracy showed no significant
difference between the two groups (P >0.05). The PPV in
patients with cirrhosis was significantly higher than that in
patients with chronic hepatitis (P =0.000). The sensitivity,
specificity, accuracy, and PPV were recorded as 78.1%,
74.6%, 77.1%, 87.4% respectively.in all patients at high
risk of HCC.
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Table 3 Comparison of diagnostic efficiency of CEUS LI-RADS for
HCC between patients with cirrhosis and chronic hepatitis B, if clas-
sify LR-5 as HCC

Sensitivity ~ Specificity PPV NPV Accuracy
Cirrhosis  77.3% 69.2% 95.8% 25.0% 76.5%
CHB 82.6% 76.0% 61.3% 904% 78.1
P 0.573 0.617 0.000 0.000 0.798

CEUS contrast-enhanced ultrasound, LI-RADS liver imaging report-
ing and data system, PPV positive predictive value, NPV negative
predictive value, CHB chronic hepatitis B

Discussion

CEUS, presenting a unique real-time visualization of vas-
cular contrast enhancement, especially facilitating sensi-
tivity in detection of arterial hypervascularization, has an
excellent diagnostic accuracy in the differential diagnosis
of focal liver lesions [20]. The goal of CEUS LI-RADS
was to probe the possibility of HCC in focal liver lesions
in patients at high risk of HCC and help to make an accu-
rate diagnosis. All 142 HCC nodules showed AHPE in
this study, with only 15 lesions of 10-20 mm in size, more
likely showed isoenhanced or hypoenhanced in arterial
phase, which is similar to Forner’s study [21]. The LR-5
was the most frequent pattern in HCC nodules in our study,
occupying 78.2% of HCC, followed by LR-4 (11.9%)
and LR-M (9.9%), indicating the enhancement patterns
of HCC are various.. The proportion of LR-5 pattern in
HCC was not significantly different in cirrhosis (77.3%)
and chronic hepatitis (82.6%) (P=0.573). Seventeen HCC
cases were categorized as LR-4, including sixteen HCCs
(well/moderately/poorly differentiated:4/8/4) in patients
with cirrhosis and one moderately differentiated HCC in
patients with chronic hepatitis B (P=0.379). Fourteen
moderately-poorly differentiated HCC were categorized as
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LR-M, eleven of which were in cirrhosis, while three were
in chronic hepatitis B (P =0.859). The diversity of HCC
enhancement pattern would reduce the sensitivity of CEUS
LI-RADS algorithm to diagnose HCC. Because only the
nodule with arterial phase hyperenhancement followed
by late (> 60 s after injection) and mild washout, namely
LR-5, can be classified as HCC. The LR-M nodules, par-
ticularly manifesting early (within 60 s after rejection) and
marked washout, could not be diagnosed as HCC accord-
ing to the new CEUS LI-RADS. Therefore, the sensitivity
was decreased from 88.0 to 78.1% when applying the LR-5
category to diagnose HCC (P =0.027) while the specificity
and PPV was increased statistically from 42.8% and 77.6%
to 74.6% and 87.4% (P =0.000; P=0.032, respectively).
Some researchers considered that the presence and extent
of washout closely related to the degree of cellular differ-
entiation and tumour size [22-24]. Lesions showing hyper-
enhancement in arterial phase without washout were more
likely to be better differentiated HCC, whereas the lesions
with hyperenhancement followed by early washout in por-
tal phase or marked washout were more likely to be poorly
differentiated HCC. In addition, HCCs with larger size are
tend to enhance inhomogeneously in the arterial phase and
washed out earlier in portal-venous phase [25, 26]. We
included only the nodule <50 mm to avoid the influence
the tumour size as possible. There were no LR-5 nodules
proven to be ICC in patients with cirrhosis in the present
study. Our study indicated that the CEUS LR-5 pattern
provided an excellent PPV (95.8%) for HCC in patients
with cirrhosis. This result was similar to the study of Terzi
et al. [18]. (PPV =98%). Only three cirrhotic regenerative
nodule and one lymphoepithelioma-like carcinoma show-
ing LR-5 pattern were misdiagnosed as HCC in cirrhotic
patients. Therefore, the risk of false positive diagnosis of
ICC for HCC was neglectable in cirrhosis when applying
LR-5 pattern to diagnose HCC by CEUS.

However, the PPV in patients with chronic hepati-
tis (61.3%) was significantly lower than that in cirrhosis
(P=0.000). Ten LR-5 nodules were proven pathologically
benign in chronic hepatitis in our study, leading to misdiag-
nosis of HCC. These false positive diagnosis would reduce
the PPV in patients with chronic hepatitis. According to
CEUS LI-RADS algorithm, this false positive diagnosis of
HCC is not neglectable in our daily work. It is reasonable to
consider that if a nodule displayed LR-5 pattern in patients
with chronic hepatitis B, a further CT or MRI, if equivocal,
biopsy was still needed to confirm the diagnosis of HCC.

LR-M pattern was considered as malignant feature, but
not specific for HCC. Most (90.2%) LR-M nodules in our
study were malignancy, including 23 cases (56.1%) of non-
HCC malignant nodules and 14 cases (34.1%) of moder-
ately-poorly differentiated HCC. The proportion of non-
HCC malignancy of in chronic hepatitis was significantly

higher than that in cirrhosis (76.0% vs 25.0%, P=0.001).
The remaining four LR-M nodules (10.0%) were benign
inflammatory lesions, one in cirrhosis and three in chronic
hepatitis. This finding confirmed that the LR-M category
was highly correlated to malignancy but the pathological
classification was different between cirrhosis and chronic
hepatitis B. In our study, most LR-M nodules (73.3%) in
patients with cirrhosis were moderately-poorly differenti-
ated HCC, nevertheless, most LR-M nodules in patients with
chronic hepatitis B were non-HCC malignancies.

The present data validated the high risk of HCC in lesions
showing L.R-4 pattern, 80% of nodules displaying LR-4 pat-
tern in cirrhosis was proved to be HCC. This was approach-
ing to the ratio reported by Terzi (with a range of 85-90%
in the various centers) [18]. Therefore, it is reasonable to
put the diagnosis of HCC into consideration when a nod-
ule displaying LR-4 pattern in cirrhosis to avoid miss the
malignant tumor. Conversely, only one moderately differ-
entiated HCC (0.83%) was classified as LR-4 in patients
with chronic hepatitis. The most common LR-4 category
nodules in patients with chronic hepatitis were FNH (50%)
and HAML (25%), indicating that when a nodule manifest-
ing LR-4 pattern in chronic hepatitis, it is more likely to be a
benign lesion rather than a HCC. On CEUS, FNH typically
shows obvious and marked hyperenhancement in the arterial
phase, with a rapid spoke-like enhancenment from the center
outwards or an eccentric vascular supply [27]. During the
portal and venous phase, FNH may remain slightly hyper-
enhancement or become iso-enhancement and a centrally
located scar may be seen [28]. However, few FNH nodules
were lack of this typical enhancement pattern and manifested
HCC like enhancement pattern. High flow or thrombosed
hemangiomas and myomatous type or angiomatous type
of HAMLs are lack of typical features on CEUS [29, 30],
which are liable to be considered as possible HCC nodules in
patients with high risk factors. These suspicious HCC nod-
ules required biopsy, or alternative imaging (CT or MRI).

There are some limitations in the present study. We only
enrolled the patients who were diagnosed pathologically in
this retrospective study. Selection bias could not be avoided
in our study because focal hepatic lesions displaying typi-
cal enhancement pattern of benign nodule are less likely
undergo resection or biopsy. Some lesions of LR-1, LR-2
category were not included in our study. There were few
LR-3 nodules in this retrospective study. In our daily work,
LR-3 nodules usually being suggested follow-up and lack of
indication of resection or biopsy. Therefore, the risk of HCC
in the LR-3 nodules could not be quantified. A long time and
large sample size prospective study will address these issues.
Furthermore, the patient population with chronic hepatitis
is relatively small, only 23 patients with chronic hepatitis
are diagnosed as HCC. The possible reason is that the HCC
has lower incidence in patients with chronic hepatitis. In
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addition, nodules with large size (>50 mm) were excluded
in our study, which may have typical LR-5 pattern and higher
possibility of HCC in high risk patients. And these situations
are not uncommon in clinical practice, especially in patients
without routine surveillance. A possible higher sensitivity
of CEUS may occur if CEUS is applied to patients with
nodules larger than 50 mm at high risk of HCC.

Conclusions

The present data shows that CEUS LR-5 pattern provides
an excellent PPV and indicate that CEUS LR-5 category
is a reliable non-invasive diagnostic modality for HCC in
cirrhotic patients. Nevertheless, CEUS LR-5 category still
requires alternative imaging (CT or MRI) or histological
histological confirmation in patients with chronic hepatitis B
for its unsatisfactory PPV for HCC. Most nodules of CEUS
LR-M are proved to be malignancy and strengthen the role
of CEUS in the differential diagnosis of benign and malig-
nant lesions with cirrhosis or chronic hepatitis B.
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