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Abstract

Purpose: To evaluate the utility of real-time contrast-
enhanced ultrasound (CEUS)-guided coaxial needle
biopsies for focal liver lesions (FLL) that were incon-
spicuous or could not be accurately identified the active
site on B-mode ultrasound (US).
Materials and methods: This prospective study included
76 patients who had CEUS-guided coaxial needle biop-
sies for FLL between December 2015 and June 2017. We
recorded characteristics of target lesions. We evaluated
conspicuity of target lesions and accuracy of identifying
the active site of target lesions on B-mode US and CEUS
using a 5-point scale. Patients were divided into three
groups, and analyzed according to body mass index
(BMI). Based on the final diagnosis, the diagnostic
performance was evaluated.
Results: The mean size and depth of target lesions were
41.5 ± 28.5 and 47.9 ± 18.9 mm on CEUS, respectively.
In arterial phase, the enhanced pattern of target lesions
varied. The conspicuity of target lesions and accuracy of
identifying the active site of target lesions was signifi-
cantly improved on CEUS compared to B-mode US
(p < 0.05). The three BMI groups had significant
differences in conspicuity of target lesions after using
CEUS (p < 0.05). The high BMI group had a greater
change in conspicuity of lesions compared to the normal
BMI group or the low BMI group (p < 0.05). The
sensitivity, specificity, and accuracy of this technique for
the diagnosis of FLL were 92.8%, 100%, and 93.4%,
respectively.

Conclusion: Real-time CEUS-guided coaxial needle
biopsy can be very useful for FLL that are inconspicuous
or cannot be accurately identified the active site on
B-mode US.
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ultrasound—Coaxial needle biopsy

Ultrasound (US) is generally the preferred imaging
modality for guidance of biopsy of focal liver lesions
(FLL) due to several advantages, such as safety, low cost,
absence of radiation hazard, and convenience [1–3].
However, when the target lesion had poor sonographic
conspicuity or the target lesion was large with consistent
necrosis, it could not be confidently localized on B-mode
US. Thus, advanced techniques are required to detect
target lesions difficult to confidently localize on B-mode
US. According to some studies [4–9], contrast-enhanced
ultrasound (CEUS) has been used to augment US-guided
interventional procedures, especially in those lesions that
are inconspicuous on B-mode US. CEUS is performed
using the intravenous injection of an ultrasound contrast
agent (UCA) composed of a microbubble stabilized with
a coating of a biocompatible surfactant or polymer-like
phospholipids or proteins. This contrast is not excreted
by the kidneys and thus can be used in patients with
impaired renal function in whom CT and MR contrast
studies are contraindicated. Moreover, CEUS has a
substantially higher temporal resolution than CT and
MR, allowing a real-time study of contrast-enhancement
behavior of FLL. This is especially true for second-gen-
eration UCAs, which have a prolonged lifespan for theCorrespondence to: Xiang Zhou; email: zhou.xiang@yeah.net
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microbubbles in the bloodstream and allow a continu-
ous, real-time scanning in all vascular phases [10]. Per-
cutaneous liver biopsy can be done either with a
conventional non-coaxial technique or with a coaxial
technique. The majority of percutaneous liver biopsies in
the literature have been performed using a noncoaxial
technique. However, a few articles have evaluated the
usefulness of real-time CEUS-guided coaxial needle
biopsy as a biopsy method for FLL.

The purpose of the current study was to evaluate the
utility of real-time CEUS-guided coaxial needle biopsies
for FLL that were inconspicuous or could not be accu-
rately identified as the active site on B-mode US.

Materials and methods

Patients

This prospective study was approved by the ethics
committee of our institution. Informed consent was ob-
tained from all patients prior to enrollment. Between
December 2015 and June 2017, there were 419 consecu-
tive patients who underwent US guided coaxial needle
biopsies of FLL in the Department of Ultrasonography
in our institution. Three hundred forty-one patients were
excluded because biopsies were performed with conven-
tional US guidance without use CEUS guidance. There
were 78 patients who underwent CEUS-guided coaxial
needle biopsies of FLL. Of these, 2 patients were ex-
cluded because the US system was unable to store biopsy
images. Therefore, our study eventually included 76 pa-
tients (Fig. 1).

The inclusion criteria were as follows: (1) A target
lesion was inconspicuous such that two radiologists
could not confidently localize it on B-mode US; or (2)
The target lesion was large and was partly necrotic such
that two radiologists could not confidently determine the
active portion of the target lesion on B-mode US.
Exclusion criteria were as follows: (1) A target lesion that

could be confidently localized and the active site accu-
rately identified on B-mode US; or (2) A target lesion
was located in a sonographically blind area; or (3)
Bleeding tendency of patients or patients with severe
systemic disease; or (4) Patients with contraindications
for the use of the contrast agent.

CEUS

B-mode US and CEUS were performed with the Super-
sonic Aixplorer system (SuperSonic Imagine, France),
which was equipped with a convex probe with a band-
width of 1-6 MHz. The principles of CEUS were as
follows. Pulse- or phase-inversion US sums the signals
returned from two 180 degree ultrasound pulses. Linear
scattering from tissue results in a signal void while
nonlinear signals from microbubbles stand out. A sec-
ond-generation US contrast agent SonoVue (sulfur hex-
afluoride microbubbles, Bracco, Milan, Italy) was used
in this study. SonoVue was approved for CEUS of the
liver in China. UCAs were usually injected as a 2.4 mL
bolus (equivalent to a 0.003 mL/kg for 70 kg body
weight) using a peripheral intravenous 20-gauge cannula
(usually positioned in the left arm), followed by a flush of
10 mL of sterile saline [11]. In the study, we generally
injected the contrast agent twice. The first dose of 2.4 mL
was administered intravenously to assess the target le-
sion. After the assessment, flash mode was used to de-
stroy the bubbles, and then the second dose of 1–2.4 mL
was used for CEUS-guided biopsy.

Biopsy procedure

All procedures were performed by one of two radiolo-
gists with over 5 years of clinical experience performing
CEUS diagnosis and biopsies of liver. The biopsy pro-
cedure was displayed in the split-screen mode on a single
monitor: the left side of the CEUS image was used to
observe the lesion, while the right B-mode was used to
observe the puncture needle. In the case where the target
lesion was inconspicuous on B-mode US, the biopsy was
performed in the parenchymal or delayed phase when the
lesions washed out, and the tissue to lesion contrast ratio
was maximal. In the case where the active portion of the
target lesion could not be determined on B-mode US, the
coaxial needle was inserted into the enhanced areas in the
arterial phase. The patients underwent biopsy with a
coaxial Tru-Cut needle (18-gauge Bard Magnum Needle
and Magnum Biopsy Instrument, 17-gauge Bard Tru-
Guide Disposable Coaxial Needle; C. R. Bard, Tempe,
USA). After sterilizing the skin and administering local
anesthesia, a coaxial needle was advanced just to the edge
of the target lesion, and samples were taken by needle
biopsy. When enough samples were obtained, the co-
axial needle was removed. All operations were performed
using a free-hand technique. The biopsy process time wasFig. 1. Flow diagram for our study.
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defined as the time from the initial injection of US con-
trast agents to the biopsy termination. Complications
associated with biopsy or the use of contrast media
within 24 h after the procedure were recorded.

Outcome analysis

The two operators who performed the biopsy, assessed
conspicuity and confidence score of target lesions using a
5-point scale. When there was a lack of unanimity of
initial scoring, an agreement was reached by the two
doctors to arrive at a final score after discussion. One of
the scales addressed the conspicuity of target lesions and
another assessed the active portion of target lesions. The
conspicuity on the basis of the visibility of target lesions
compared with adjacent liver parenchyma used a 5-point
scale (1, definitely invisible; 2, probably invisible; 3,
barely visible; 4, fairly visible; and 5, clearly and dis-
tinctly visible) [12]. The confidence score of the active
portion of target lesions also used a 5-point scale (1,
definitely uncertain; 2, probably uncertain; 3, barely
certain; 4, fairly certain; 5, clearly and distinctly certain).
The final diagnosis was determined based on
histopathological, clinical, and radiographic follow-up
results. The diagnostic performance of this technique for
FLL was evaluated according to the final confirmed
diagnosis.

Statistical analysis

Descriptive statistics were presented as the mean ±

standard deviation (SD) and median according to nor-
mality for the continuous variable and with frequency
(percentage) for the categorical variable. To compare
inter-observer variability, the Cohen kappa statistic were
used. To compare the conspicuity and confidence scores
of target lesions on B-mode US and CEUS, Wilcoxon
signed rank tests were used. Subjects were divided into
three groups according to body mass index (BMI). To
compare differences between the three BMI groups,
covariance analysis was used. To identify differences
between each two groups, Bonferroni correction were
used. All statistical analyses were performed using the
SPSS software package (SPSS Statistics, version 22.0;
SPSS Inc., Chicago, IL, USA). A p value of < 0.05 was
considered statistically significant.

Result

Patient characteristics

The demographic characteristics of the 76 patients are
summarized in Table 1. There were 48 (63.2%) men and
28 (36.8%) women. The ages ranged from 28 to 77 years,
the median age was 60 years, and the mean age was
58.6 ± 8.9 years (mean ± SD). There were 9 (11.8%)
patients with low BMI, 39 (51.3%) patients with normal

BMI, and 28 (36.9%) patients with high BMI. There were
23 (30.3%) patients with hepatitis B, 3 (3.9%) with hep-
atitis C, and 50 (65.8%) with no history of hepatitis.
Twenty-three (30.2%) patients had a liver CT and a liver
MRI examination in our hospital within 2 weeks prior to
biopsy, 42 (55.3%) patients had a liver CT or a liver MRI
in our hospital, and 11 (14.5%) patients had CT or MRI
examinations at other hospitals. There were 55 (72.4%)
patients with 1 lesion, 4 (5.2%) patients with 2 lesions,
and 17 (22.4%) patients with 3 or more lesions. Among
them, 17 (22.4%) patients had elevated AFP levels, 41
(53.9%) had normal APF levels, and 18 (23.7%) had not
had AFP testing.

Lesion characteristics

The lesion characteristics are summarized in Table 2.
Twenty-eight lesions were located in the left liver, and 48
lesions were located in the right liver. The size of target
lesion ranged from 8 to 126 mm, with a median size of
34.5 mm and a mean diameter of 41.5 ± 28.5 mm. The
depth of the target lesion ranged from 15 to 96 mm, with
a median depth of 45 mm and a mean depth of
47.9 ± 18.9 mm. The puncture distance ranged from 40
to 130 mm, the median puncture distance was 71.5 mm,
and the mean puncture distance was 74.6 ± 20.0 mm.
The number of needle passes ranged from 1 to 4, with a
median number of 2.5, and the mean number of needle
punctures was 2.6 ± 0.8. The procedure time ranged
from 5 to 29 min, with a median puncture time of 8 min

Table 1. Patient characteristics

Patient characteristics Data

Sex
Male 48 (63.2%)
Female 28 (36.8%)

Ages
Range 28–77
Median 60
Mean ± SD 58.6 ± 8.9

BMI (kg/m2)
< 18.5 9 (11.8%)
18.5–24.9 39 (51.3%)
‡ 25 28 (36.9%)

History of hepatitis
Hepatitis B virus 23 (30.3%)
Hepatitis C virus 3 (3.9%)
No history of hepatitis 50 (65.8%)

Imaging examination
CT and MRI 23 (30.2%)
CT or MRI 42 (55.3%)
CT or MRI at other hospitals 11 (14.5%)

No. of focal liver lesion(s)
1 55 (72.4%)
2 4 (5.2%)
‡ 3 17 (22.4%)

Tumor marker AFP level
Normal 41 (53.9%)
Abnormal (rise) 17 (22.4%)
Not checked 18 (23.7%)
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and the mean puncture time of 9.3 ± 4.2 min. In the
arterial phase, there were 42, 18, and 9 lesions that were
hyper-vascular, iso-vascular, and hypo-vascular, respec-
tively. Most lesions showed washout in portal phase or
late phase (67/76). Two lesions showed hyper-enhance-
ment in arterial phase, iso-enhancement in portal and
late phases. In addition, 7 lesions showed iso-enhance-
ment in arterial, portal, and late phases. The 7 cases were
diagnosed finally as benign lesions.

The conspicuity score of target lesions on
B-mode US and CEUS

Kappa statistics showed that agreement of two observers
was good in conspicuity score of target lesions either on
B-mode US or CEUS (k = 0.65; k = 0.66). Moreover,
on imaging with B-mode US, the mean conspicuity score
of target lesions was 2.04 ± 0.94. On imaging with
CEUS, the mean conspicuity score of target lesions was
4.58 ± 0.57. Most of target lesions showed better in

target lesion conspicuity on CEUS imaging (Fig. 2).
Meanwhile, Wilcoxon signed rank tests showed that the
conspicuity score of target lesions was significantly better
on CEUS than B-mode US (p < 0.05; Table 3). More-
over, covariance analysis showed that the three BMI
groups had significantly different conspicuity of target
lesions after the use of CEUS (p < 0.05; Table 4).
Specifically, Bonferroni correction showed that the high
BMI group had a greater change in the conspicuity of
target lesions than the normal BMI group or the low
BMI group (p < 0.05; Table 5).

The confidence score of target lesions active
portion on B-mode US and CEUS

Kappa statistics showed that agreement of two observers
was good based on the confidence scores of the active
portion of target lesions either on B-mode US or CEUS
(k = 0.69; k = 0.67). Moreover, on imaging with
B-mode US, the mean confidence score of target lesions
was 1.64 ± 0.68. On imaging with CEUS, the mean
confidence score of target lesions was 4.50 ± 0.55. Most
of target lesions showed better identification of the active
portion of target lesions on CEUS imaging (Fig. 3).
Meanwhile, Wilcoxon signed rank tests showed that the
confidence scores of the active portion of target lesions
was significantly improved on CEUS compared to
B-mode US (p < 0.05; Table 3). However, covariance
analysis showed that the three BMI groups had no sig-
nificant difference in confidence scores of the active
portion of target lesions after the use of CEUS
(p > 0.05; Table 4). In addition, the choice of biopsy
location within the tumor was changed following
administration of contrast agent in 19 cases.

Final diagnosis and diagnostic performance

Final diagnosis in the 76 patients are listed in Table 6.
The final diagnosis was as follows: malignant neoplasm
(n = 69) and benign lesion (n = 7). Sixty-nine malig-
nant neoplasms included primary hepatocellular carci-
noma, primary cholangiocarcinoma, hepatocytes and
cholangiocarcinoma, differentiated cancer, leiomyosar-
coma, and metastatic cancer in 16, 8, 1, 7, 1, and 36
patients, respectively. Five cases were diagnosed initially
as benign lesions, but according to clinical and radio-
logical follow-up (at least 10 months), they were finally
diagnosed as malignant tumors. In the current study, the
sensitivity, specificity, accuracy, false positive rate, and
false negative rate of CEUS-guided coaxial biopsy for
the diagnosis of liver tumors were 92.8%, 100%, 93.4%,
0%, and 7.2%, respectively. Biopsy was performed on all
76 patients without major puncture-related complica-
tions requiring additional treatment or hospitalization.

Table 2. Lesion characteristics

Lesion characteristics Data

Location
Segment 2 5 (6.6%)
Segment 3 8 (10.5%)
Segment 4 15 (19.7%)
Segment 5 21 (27.6%)
Segment 6 8 (10.5%)
Segment 7 14 (18.5%)
Segment 8 5 (6.6%)

Maximum diameter of target
Range 8–126
Median 34.5
Mean ± SD 41.5 ± 28.5

Depth of target lesion (mm)
Range 15–96
Median 45
Mean ± SD 47.9 ± 18.9

Puncture distance (mm)
Range 40–130
Median 71.5
Mean ± SD 74.6 ± 20.0

Number of puncture needles
Range 1–4
Median 2.5
Mean ± SD 2.6 ± 0.8

Procedure time (min)
Range 5–29
Median 8
Mean ± SD 9.3 ± 4.2

CEUS enhancement patterns
Arterial*: Hyper; portal and late*: Hypo 40 (52.6%)
Arterial*: Hyper; portal and late*: Iso 2 (2.6%)
Arterial*: Iso; portal and late*: Hypo 18 (23.7%)
Arterial*: Hypo; portal*: Iso; late*: Hypo 9 (11.9%)
Iso in arterial, portal, and late* 7 (9.2%)

Hyper, hyper-enhancement; Hypo, hypo-enhancement; Iso, iso-en-
hancement
*Phase
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Discussion

The correct diagnosis of FLL obtained by biopsy is
critical in patients because misdiagnosis of a malignant
lesion can potentially deprive patients of the opportunity
for curative treatment. On the other hand, misdiagnosis
of a benign lesion can lead to unnecessary invasive sur-

Fig. 2. Hepatic metastasis from gastric cancer in a 61-year-
old man. (A) Axial contrast-enhanced CT showing a low-
density nodule in segment 7 of the liver (arrow). (B) B-mode
US showing no obvious focal lesion in the corresponding area
of the CT image. (C) Split-screen mode showing no focal

lesion in the region (right) where a 8-mm target lesion (left,
arrow) is clearly showed on the corresponding region.
(D) Biopsy was performed under the real-time guidance of
CEUS. The biopsy needle passes through the center of the
target lesion (left, arrow).

Table 3. Differences of conspicuity and confidence score of target
lesions on B-mode US and CEUS

B-mode US CEUS p

Conspicuity score 2.04 ± 0.94 4.58 ± 0.57 p < 0.05
Confidence score 1.64 ± 0.68 4.50 ± 0.55 p < 0.05

Table 4. Differences of conspicuity and confidence scores of target lesions between three BMI groups after using CEUS

BMI < 18.5 BMI: 18.5–24.9 BMI ‡ 25 F p

Conspicuity score 4.33 ± 0.50 4.36 ± 0.62 4.96 ± 0.18 15.729 0.000
Confidence score 4.78 ± 0.44 4.44 ± 0.59 4.50 ± 0.50 1.010 0.396

Table 5. Differences of conspicuity of target lesions between each two BMI groups after using CEUS

BMI groups N Conspicuity p

1 < 18.5 9 4.33 ± 0.50 1 vs. 2: p = 1.000; 1 vs. 3: p = 0.004
2 18.5–24.9 39 4.36 ± 0.62 2 vs. 3: p = 0.000; 2 vs. 1: p = 1.000
3 ‡ 25 28 4.96 ± 0.18 3 vs. 2: p = 0.000; 3 vs. 1: p = 0.004
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gery and anxiety. Therefore, in clinical work, the choice
of the appropriate biopsy technique is particularly
important. Our current study found that most of target
lesions showed better conspicuity and better identifica-
tion of the active portion of the target lesion on CEUS
imaging. Moreover, patients in the various BMI groups
had different changes in the conspicuity of the lesion
after using CEUS. The high BMI group had a greater
change in the conspicuity of the lesion compared to the
normal BMI group or the low BMI group. Moreover, the
real-time CEUS-guided coaxial biopsy of FLL also has
better diagnostic performance compared with the previ-
ous literature.

In recent years, there have been many studies that
reported on the importance of biopsy under CEUS
guidance. Goto et al. and Mishima et al. [13, 14] reported

that CEUS using Sonazoid improved the detection rate
of hepatocellular carcinoma and liver metastases. Fran-
cica et al. [15] reported that CEUS could be useful in
assessing invisible or necrotic liver lesions. Kang et al.
[16]. reported that real-time CEUS-Fusion imaging im-
proved the lesion visibility and the viable portion
assessment. Similarly, in the current study, the results
showed that CEUS-guided biopsy increased the con-
spicuity and the accuracy of the assessment of the active
site of FLL, especially, in patients with high BMI.
Moreover, Sparchez et al. [1, 17] reported that CEUS-
guided percutaneous biopsy could increase the accuracy
of biopsy. Yoon et al. [18] reported the sensitivity in the
diagnosis of malignancy was 88%. Sparchez et al. [4]
reported the overall sensitivity of US guided biopsy in
the tumor diagnosis was 90%. Park et al. [19] reported
the technical success rate in the less-experienced radiol-
ogists was 90.9%. Kang et al. [20] reported the technical
success rate of biopsy was 87.6%. Partovi et al. [21] re-
ported a technical success rate in their study of 88.5%.
Compared with the above mentioned results, the diag-
nostic efficacy in the current study is better. The sensi-
tivity, specificity and accuracy of this technique in the
current study were 92.8%, 100%, and 93.4%, respectively.
Only 5 of 76 cases of biopsy were misdiagnosed as benign
lesions after at least 10 months of follow-up.

In the current study, the operation was performed by
using coaxial technique, in split-screen mode, and free-
hand technique. As previously reported [22–25], co-axial

Fig. 3. Hepatic metastasis from cholangiocarcinoma in a
49-year-old man. (A) Axial contrast-enhanced CT showing a
low-density nodule in segment 6 of the liver (arrow). (B) T2-
weighted MRI showing a high signal nodule in the
corresponding area of the CT image (arrow). (C) B-mode
US showing a poorly defined focal lesion in the corresponding

area of the CT image. (D) Split-screen mode showing a poorly
defined focal lesion in the region (right) where the target
lesion (left, arrow) is clearly located on the corresponding
region. (E) Biopsy was performed under the real-time
guidance of CEUS. The biopsy needle passes through the
active site of the target lesion (left, arrow).

Table 6. Final diagnoses

Final diagnoses Data

Malignancy 69
Primary hepatocellular carcinoma 16
Primary cholangiocarcinoma 8
Hepatocytes and cholangiocarcinoma 1
Differentiated cancer 7
Leiomyosarcoma 1
Metastatic cancer 36

Benign
Benign lesion 7
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technique has many advantages, such as easy position-
ing, shortened biopsy time, reduced bleeding, easy multi-
needle sampling, and reduced chances of needle track
planting. In the current study, there were no major
puncture-related complications that required additional
treatment or hospitalization. Yoon et al. [18] reported a
mean and median time for their study of 11.7 and
8.7 min, respectively. In the current study, the mean and
median times of CEUS-guided coaxial needle biopsy
were 9.3 and 8 min, respectively. Thus, as mentioned
earlier, this coaxial technique can save time. Secondly,
the split-screen mode can simultaneously utilize the
advantages of CEUS and B-mode US. The CEUS mode
clearly delineates the tumor borders, but fails to show
needles and tissue clearly. However, on the other side of
monitor, the B-mode US display of the puncture needle
shows good fundamental imaging, but the tumor display
is not ideal due to absence of microbubble signal outline.
Using a free-hand puncture technique, the operator can
adjust the puncture angle in real-time without the limi-
tation of the probe puncture bracket, and the cost can
also be decreased. However, this technology requires the
operator’s right and left hands to cooperate well.

This study has several limitations. First, the number
of cases was limited. Therefore, the patients analyzed
may not represent the overall population requiring
CEUS imaging guidance. Second, there is
inevitable subjectivity in evaluating the conspicuity and
the confidence score of FLL due to lack of quantitative
parameters. To reduce subjectivity, we used two inde-
pendent radiologists to identify and assess target lesions.
Third, tumor biopsy is performed for histologic diag-
nosis, and preferably also for mutational analysis.
However, the current study did not include a mutational
analysis. This would be especially pertinent for cases in
which the CEUS led the operators to biopsy an area of
more active contrast-enhancement. In the future, we plan
to conduct a study which includes mutational analysis.

In conclusion, our results show that a coaxial biopsy
technique under real-time CEUS guidance could enhance
the conspicuity of target lesions and help identify the
active portion of the target lesions. Therefore, it could be
useful for FLL that are inconspicuous or cannot be
accurately identified as an active site on B-mode US.
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