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Abstract: Objective: To analyze the value of contrast-enhanced ultrasound (CEUS) versus shear wave elastography
(SWE) in differentiating benign and malignant superficial lymph node lesions. Methods: In this retrospective study,
a total of 140 superficial lymph nodes from 140 patients pathologically confirmed to have an enlargement of their
superficial lymph nodes were examined using CEUS and SWE. The results and diagnostic efficacy were analyzed.
Results: Among the 67 benign lymph nodes, there were 38 cases of type |, 17 of type Il, and 12 of types Ill and IV.
Among the 73 malignant lymph nodes, there were 53 cases of type I, 11 of type IV, and 9 of types | and Il. Among

the patients with lymph nodes <1 cm, there were 20, 4, 8, and 5 cases of types |, II, lll, and 1V, respectively. Among
the patients with 1-2 cm lymph nodes, there were 15, 10, 26 and 7 cases of types |, II, lll, and 1V, respectively. There
were 6, 10, 27, and 2 cases of types |, II, lll, and IV in the >2 cm lymph nodes, respectively. The accuracy, sensitivity,

and specificity of CEUS in the diagnosis of malignant lymph nodes were 85.00%, 87.67%, and 82.09%, respectively,
and those of SWE were 89.29%, 80.82%, and 98.51%, respectively. SWE showed higher specificity than CEUS
(P<0.05). SWE showed mean shear wave velocity (SWV) values of (2.11+0.41) m/s for the benign lymph nodes and
(3.22+0.79) m/s for the malignant lymph nodes (P<0.05). The receiver operating characteristic (ROC) curves of the
SWV values for the benign and malignant lymph nodes showed AUC=0.9948. Conclusion: Both CEUS and SWE are
valuable in the differentiation of benign and malignant lymph node lesions, but SWE has a higher specificity. The
SWV value of SWE is superior in the differentiation of benign and malignant lymph nodes. The combination of the
two methods can achieve a higher accuracy.
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Introduction lymphomas may lead to the enlargement of

superficial lymph nodes. There are different

The lymphatic system of the body is made up of
lymphatic capillaries, a reticular network, and
interconnected lymph nodes [1]. Lymph nodes
are crucial peripheral immune organs that play
important roles in filtering the lymphatic fluid,
producing immune cells, and in the immune
response [2]. Lymph nodes are kidney-shaped
and bean-shaped, and range in size from 1 to 3
mm, depending on their age and location [3].
The superficial lymph nodes in this study refer
to the group of lymph nodes no more than 3 cm
under the skin, mainly distributed in the ingui-
nal region, the proximal limbs, both axillae, and
the head and neck [4].

Bacterial or viral infections, tumor metastases,
hematologic diseases, immune factors, and

treatment schemes for lymph node lesions
induced by different causes, and the benign
and malignant lesions of the enlarged lymph
nodes should be accurately identified [5]. The
benign lymph node lesions include bacterial
lymphadenitis, reactive lymphadenopathy, and
lymphatic tuberculosis, and the malignant
lymph node lesions include lymphoma and met-
astatic lymph nodes [6]. A diagnostic tool that
can accurately measure and summarize the
image features is vital for the early diagnosis
and treatment of lymph node lesions.

Ultrasound, computerized tomography (CT),
and magnetic resonance imaging (MRI) have
their own advantages in the diagnosis of lymph
node lesions, but they also have some short-
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Figure 1. Gray-scale ultrasound im-
ages of lymph nodes. A: A 2D sono-
gram of a normal lymph node, with
a normal morphology and distinct
cortical and medullary structures;
B, C: 2D ultrasound sonograms of
metastatic lymph nodes with abnor-
mal morphology (distorted aspect
ratio), poorly defined cortical and
medullary structures, and a periph-

Inclusion criteria: all the path-
ological findings of the lymph
nodes were confirmed by
ultrasound-guided puncture
biopsy or surgical specimens,
and all the patients under-
stood the study procedures
and signed the consent form.
Exclusion criteria: patients
with no confirmed results;
patients with contraindica-
tions to puncture or surgery,
patients comorbid with other
diseases that may affect the
study accuracy; and the
patients who did not agree to
participate in the study were
excluded.

This study was approved by
the Ethics Committee of the
First People’s Hospital of

eral pattern.

comings [7]. With the advances in technology
and equipment, contrast-enhanced ultrasound
(CEUS) has been widely used clinically, exhibit-
ing good performance in the diagnosis of many
diseases [8]. CEUS can gather blood perfusion
data and accurately demonstrate the blood
supply pattern and microvascular distribution
in the lymph nodes, so it has an outstanding
diagnostic value [9]. Shear wave elastography
(SWE) is a new diagnostic technique that can
qualitatively and quantitatively display the
softness and hardness of tissue and organ
lesions [10]. To investigate the diagnostic value
of CEUS and SWE in superficial lymph node
lesions, 140 superficial lymph nodes from
patients with enlarged superficial lymph nodes
were selected for the analysis in this study.

Materials and methods
Data

In this retrospective study, a total of 140
patients with a pathologically confirmed
enlargement of the superficial lymph nodes
were enrolled in this study, with a total of 140
superficial lymph nodes. One lymph node with
the highest degree of suspicion in each case
was examined using CEUS and SWE.
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Fuyang Hangzhou (No. Chi-
CTR1800012684).

Methods

The CEUS examination was performed using a
color Doppler ultrasound diagnostic instrument
(Philips, IU22). The frequency of the L9-3 linear
array ultrasound probe transducer was set to
3-9 MHz. Sono Vue was selected as the con-
trast agent for the microbubble suspension,
and 2.5 mL of the prepared suspension was
injected through a superficial elbow vein, and
then 5 mL of normal saline was injected. The
lymph nodes were first routinely examined
(Figure 1) for their sizes, borders, echotextures,
hila, and vascular patterns. The lymph nodes
were differentiated into groups of <1 cm, 1 to
2 cm, and >2 cm according to their maximum
diameters. The blood perfusion characteristics
of the lymph nodes on the maximum diameter
section were observed for 2-3 min under con-
trast mode.

The SWE was performed using a color Doppler
ultrasound diagnostic instrument (Siemens,
Acuson S2000). A 9L4 line array probe set at
4-9 MHz was selected. The patients were
instructed to hold their breath during the exam-
ination, and the lymph nodes were examined
qualitatively and quantitatively using virtual
touch tissue imaging (VTI) and virtual touch tis-
sue quantification (VTQ). The sampling frames
were placed to avoid the necrotic areas and the
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calcified foci in the lymph nodes as much as
possible according to the imaging results. VTQ
measurements were done for each lymph node,
and the shear wave velocities (SWV) were accu-
rately recorded.

Outcome measurement

Pathological analysis: The obtained lymph node
biopsy tissue specimens were fixed with 4%
neutral formaldehyde and embedded in paraf-
fin, with a section thickness of 4-5 um. The his-
topathological morphology was observed under
an optical microscope after staining with acid
fast, Periodic-acid Schiff (PAS) and hexamine
silver. Both the acid-fast and PAS staining kits
were purchased from Baso Diagnostics Inc.
Zhuhai, and the procedures were carried out
according to the kits’ instructions. The hex-
amine silver staining was performed using a
Roche automatic immunohistochemical stain-
ing device.

The criteria for the diagnosis of malignant
lymph nodes using 2-dimensional ultrasound
were as follows: length/short diameter <2, an
unclear boundary between the cortex and
outer medulla; a displaced or absent fatty hila,
an inhomogeneous internal echo, and liquefac-
tion and calcification. The color Doppler flow
patterns of the lymph nodes included a periph-
eral pattern, a hilar pattern, or a mixed pattern.
Malignant lymph node criteria [11]: (1) A mixed
or peripheral pattern, along with =1 malignancy
index on 2-dimensional ultrasound; (2) A hilar
pattern, along with >2 malignant indicators on
2D ultrasound.

CEUS manifestations of the lymph nodes
[12]: Type I: Uniformly hyper-enhancing type
with significant and uniform perfusions of the
lymph nodes. Type II: Inhomogeneous en-
hancing or ring-shape enhancing with regular
nonperfused areas and a significant overall
enhancement of the lymph nodes. However,
single or several regular morphologically well-
defined non-perfused areas could be seen
inside them. Type lll: Unevenly enhanced with
irregular perfusion-deficient areas and perfu-
sion-deficient areas within the lymph nodes,
including focal hypoperfusion, nonperfusion,
and irregular morphology and perfusion-defi-
cient areas with unclear boundaries. Type IV:
The weakly enhancing type, with weakly uni-
form or heterogeneous perfusions of the lymph
nodes. Types | and Il were identified as benign
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lymph nodes, and types Il and IV were identi-
fied as malignant lymph nodes.

Statistical analysis

The statistical analysis was performed using
SPSS 23.0. The count data were expressed as
[n (%)] and examined using X2 tests. The mea-
surement data were expressed as (Xxs) and
examined using t tests. The figures were pro-
duced using GraphPad Prism 8. The ROC curv-
es were plotted using GraphPad Prism 8.
P<0.05 was considered statistically signifi-
cant.

Results
General patient information

Among the 140 patients enrolled in this study,
55 were females and 85 were males. Of
the 140 lymph nodes, 67 lymph nodes were
pathologically benign and 73 lymph nodes were
malignant. Among the benign lymph nod-
es, there were 7 with histiocytic necrotizing
lymphadenitis, 12 with nonspecific lymphade-
nitis, 22 were tuberculous lymph nodes, and
26 were reactive lymph nodes. Among the
malignant lymph nodes, there were 5 lympho-
mas and 68 metastatic lymph nodes. According
to the maximum diameters, there were 37
lymph nodes of <1 cm (21 benign lymph nodes
and 16 malignant lymph nodes), 58 lymph
nodes of 1 to 2 cm (28 benign lymph nodes
and 30 malignant lymph nodes), and 45 lymph
nodes >2 cm (18 benign lymph nodes and 27
malignant lymph nodes).

CEUS results

Among the 67 benign lymph nodes, 38 were
type I, 17 were type Il, and 12 were types Il
and IV. Among the 73 malignant lymph nodes,
there were 53 of type lll, 11 of type IV, and 9
of types | and Il (Table 1). Among the <1 cm
lymph nodes, there were 20 of type |, 4 of type
I, 8 of type lll, and 5 of type IV. Among the 1-2
cm lymph nodes, there were 15 of type |, 10 of
type I, 26 of type lll, and 7 of type IV. Among
the >2 cm lymph nodes, there were 6 of type |,
10 of type Il, 27 of type lll, and 2 of type IV.

CEUS showed that the benign lymph nodes
were mostly <2 mm, and the malignant lymph
nodes were mostly the >2 mm type. The der-
mal-medullary boundaries of both the benign
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Table 1. CEUS typing of the 140 superficial lymph node le-

or sensitivity between CEUS and

sions (nos.) SWE in the diagnosis of malignant

Subgroup Type | Type Il Typelll  Type IV '53’;222_0_20‘10‘:38 vf/’; >0525r)1,'gr?::t;2ﬁ
: _ ificity w. i

Benign (n=67) 38(56.72) 17 (25.37) 10(14.93) 2(2.99) that of CEUS (P<0.05)

Malignant (n=73) 3(4.11) 6(8.22) 53(72.60) 11 (15.07)

X2 44.181 7.488 46.958 4.706 SWV values of SWE

P <0.001 0.006 <0.001 0.030

Table 2. The efficacy of CEUS in diagnosing
benign and malignant superficial lymph nodes
(En)

Pathology
CEUS - - Total
Malignant Benign
Malignant 64 12 76
Benign 9 55 64
Total 73 67 140

Table 3. The efficacy of shear wave elastog-
raphy in diagnosing benign and malignant
lymph nodes (En)

Pathology
Shear wave elastography - - Total
Malignant Benign
Malignant 59 1 60
Benign 14 66 80
Total 73 67 140

and malignant lymph nodes were mostly clear.
The malignant lymph nodes had more missing
hila than the benign lymph nodes. The internal
echoes of the benign lymph nodes were mainly
uniform. The larger the diameter, the more
uneven the internal echo of the malignant
lymph nodes. The blood flow patterns of the
benign lymph nodes was predominantly hilar,
but the malignant lymph nodes had predomi-
nantly peripheral or mixed patterns.

Diagnostic efficacy of CEUS, SWE

Referring to the pathological results, the accu-
racy, sensitivity, and specificity of CEUS in the
diagnosis of malignant lymph nodes were
85.00% (119/140), 87.67% (64/73) and
82.09% (55/67), respectively (Table 2).
According to the pathological findings, the
accuracy, sensitivity and specificity of SWE in
the diagnosis of malignant lymph nodes were
89.29% (125/140), 80.82% (59/73), and
98.51% (66/67), respectively (Table 3). There
were no significant differences in the accuracy
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The SWE revealed that the SWV
values in the benign lymph nodes
ranged from 1.51 m/s to 2.55 m/s, with a mean
value of (2.114+0.41) m/s. The SWV values in
the malignant lymph nodes ranged from 2.48
m/s to 3.99 m/s, with a mean value of
(3.2240.79) m/s. The SWV values in the malig-
nant lymph nodes were significantly higher
than those in the benign lymph nodes (P<0.05)
(Figure 2). The SWV values for differentiating
the benign and malignant lymph nodes were
plotted as the ROC curves (AUC=0.9948), sug-
gesting that the SWV values obtained using the
SWE had a high value in differentiating the
benign and malignant lymph nodes (Figure 3).

Discussion

Ultrasound is most commonly used to detect
superficial lymph node lesions. However, con-
ventional two-dimensional ultrasound cannot
clearly show the tiny blood vessels and fine
structures inside the lymph nodes, and some
benign and malignant lymph nodes exhibit simi-
lar presentations in ultrasound features, so it is
insufficient to select conventional two-dimen-
sional ultrasound for the identification of lymph
node lesions [13, 14].

The appearance and application of CEUS
provide a new method for the qualitative diag-
nosis of lymph node lesions. CEUS enables
real-time, dynamic monitoring of the perfusion
characteristics of the lymph nodes, so that
the necrotic areas can be detected more accu-
rately and the tumor metastatic areas can be
determined [15]. Matoba et al. [16] reported
that benign lymph nodes were the mostly uni-
formly perfused. In this study, about half of the
benign lymph nodes showed homogeneous
perfusion enhancement, but the other benign
lymph nodes showed a heterogeneous perfu-
sion enhancement, and a small number showed
regular, perfusion-free areas among the benign
lymph nodes to which they belonged, and the
tubercular lymph nodes were predominant,
suggesting that tubercular lymph nodes are

Am J Transl Res 2021;13(10):11625-11631



The value of contrast-enhanced ultrasound vs. shear wave elastography

SWV (m/s)
X
o

1 I
Benign Malignant

(m/s)

1
I e Benign
= Malignant

-]

T T
SWv SWv

Figure 2. SWV values. A: A scatter plot of the SWV values of the benign and malignant lymph nodes; B: A comparison
of the mean SWV values of the benign and malignant lymph nodes, “P<0.05.
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Figure 3. ROC curves of the SWV values used for
differentiating the benign and malignant lymph
nodes. AUC=0.9948, 95% CI of 0.9882-1.0000,
SE=0.003379, P<0.0001.

dominated by perfusion-free areas. If lymph
nodes with inhomogeneous perfusion are all
judged to be malignant, the false positive
results will be high, results will affect the
accuracy of the diagnosis. With regard to the
perfusion patterns in the malignant lymph
nodes, Barrow-McGee et al. believe that it is
mainly inhomogeneous perfusion [17], which is
similar to the results in this study. This may be
because tumor cells destroy the normal lymph
node structures and form tumor trophoblastic
vessels, leading to uneven lymph node imaging
[48]. In addition, Ling et al. [19] and Chen et al.
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[20] found that the non-perfused areas in
malignant lymph nodes often have no clear
boundaries or regular morphology, and they are
distributed in sheets, which may be due to the
fact that the invasion of tumor tissue is not as
restricted as the necrosis caused by benign
lesions, and the tumor tissues proliferate at dif-
ferent rates, so the morphology of the perfu-
sion defects is also irregular.

There are many types of elastography. This
study examined acoustic radiation force
impulse (ARFI) imaging, which is a new sono-
graphic technology that non-invasively assess-
es qualitative and quantitative tissue elasticity
by measuring the shear wave velocities (SWVs)
of a selected region of interest (ROI), and
SWV is a reflection of the hardness of the tis-
sue [21, 22]. ARFl is feasible because the infil-
tration of malignant tumor tissue alters the
hardness of lymph nodes, [23]. The results of
this study showed that the SWV values of the
benign lymph nodes were significantly lower
than that of the malignant lymph nodes. Li et al.
[24] also confirmed that there are differences
in the SWV values between the benign and
the malignant lymph nodes. This may be
because the enlarged tissue is also lymphoid
tissue with no significant change in hardness,
although the volume of the benign lymph nodes
increases significantly. As a result, SWE shows
a higher gray-scale brightness of the VTI imag-
es and also a lower SWV. In contrast, metastat-
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ic lymph nodes are affected by the invasion,
deposition and diffusion of tumor tissue; and
the hardness of the tissue in the lymph nodes
can differ significantly. Under the pressure of
the acoustic beam, the tissues in the sampl-
ing frame area will not be significantly dis-
placed, so the VTl image is darker, and the
SWV spreads more quickly [25]. Our compari-
son of the diagnostic results of CEUS and SWE
showed that both methods had a high sensitiv-
ity, specificity, and accuracy in the diagnosis of
malignant lymph nodes, but the latter had a
higher specificity. The SWV values of the
benign and malignant lymph nodes were plot-
ted as the ROC curves (AUC=0.9948), indicat-
ing that the SWV values obtained by SWE had
a high value in differentiating benign and malig-
nant lymph nodes. Similar results were also
found in the study of Chen et al. [26], suggest-
ing that both CEUS and SWE can be used in the
qualitative diagnosis of superficial lymph node
lesions, and the combination of the two meth-
ods can be used to ensure a higher diagnostic
accuracy.

In conclusion, both CEUS and SWE are valuable
in the differentiation of benign and malignant
lymph node lesions, and the specificity of SWE
is higher compared to SWE, and the SWV value
of SWE is effective in the differentiation of
benign and malignant lymph nodes. However,
the value of the two methods was not further
compared in this study, and the diagnostic
mechanisms of the two methods were not fully
elaborated, so this needs to be discussed in
future studies.
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