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Objective. To compare the clinical value of contrast-enhanced ultrasound and conventional ultrasound-guided puncture biopsy in
peripulmonary lesions of different sizes.Materials and Methods. 110 patients with peripulmonary lesions were randomly divided
into two groups: the conventional ultrasound-guided group and the contrast-enhanced ultrasound-guided group. -e lesions in
the two groups were further divided into two groups according to the size of the lesions, and the tissues taken after puncture biopsy
were sent for pathological examination. -e pathological results were compared with the postoperative pathological results and
other examination results, and the complications were recorded at the same time. Results. In the conventional ultrasound group,
the success rate of single puncture was 72.7% and the success rate of puncture was 80.0%; in the contrast group, the success rate of
single puncture was 90.9% and the success rate of puncture was 94.6%. -e difference between the two groups was statistically
significant. -ere was no significant difference in needle bleeding and pneumothorax between the two groups. In the <30mm
group, there was no significant difference in the success rate of single puncture and the success rate of puncture between the two
groups according to the size of the lesions. In the ≥30mm group, the success rate of single puncture (97.1%) and puncture success
rate (97.1%) in the contrast guidance group were higher than those in the conventional ultrasound guidance group (70.3%, 78.4%)
and the difference was statistically significant (p< 0.05). Conclusion. Compared with conventional ultrasound, for peripheral
pulmonary lesions guided by contrast-enhanced ultrasonography, especially when the maximum diameter of the lesion
is ≥ 30mm, needle biopsy has better guiding significance; for peripheral lung lesions with a maximum diameter of <30mm,
contrast-enhanced ultrasonography is compared with conventional ultrasound guidance. -e puncture success rate was not
significantly different.

1. Introduction

Percutaneous lung biopsy is often used to obtain patho-
logical diagnosis of peripheral pulmonary lesions (PPLs) to
guide clinical treatment. Because the peripheral lung lesions
are close to the pleura, the application of ultrasound makes
it easy to display the lesions and ultrasound has the ad-
vantages of real-time visualization, simplicity, and freedom
from ionizing radiation. -erefore, ultrasound is generally
used clinically to guide the needle biopsy of peripheral lung
lesions [1–3]. -e key to the success of puncture biopsy is
whether effective lesions can be obtained, but for lesions of

different sizes, the probability of liquefaction and necrosis
increases with the increase in lesions. If the tissue is ne-
crotic, it will lead to the failure of puncture biopsy. Ul-
trasonic contrast, also known as acoustic contrast, is a
technique that uses a contrast agent to enhance the back-
scattered echoes and significantly improves the resolution,
sensitivity, and specificity of ultrasound diagnosis. With the
improvement of instrument performance and the emer-
gence of new acoustic contrast agents, CEUS can effectively
enhance the two-dimensional ultrasound images and blood
flow Doppler signals of the myocardium, liver, kidney,
brain, and other solid organs and reflect and observe normal
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tissues and lesions. -e blood perfusion of tissues has be-
come a very important and promising development di-
rection of ultrasound diagnosis. -e new generation of
ultrasound contrast agent can truly reflect the distribution
of blood supply in the lesions, and it is easy to distinguish
between effective and necrotic lesions, which is of guiding
significance in lung biopsy [4–7]. -e purpose of this study
was to compare the accuracy of conventional ultrasound
and contrast-enhanced ultrasound-guided needle biopsy in
the diagnosis of peripheral pulmonary lesions and the in-
cidence of complications and evaluate the application value
of two methods in the guidance of needle biopsy of pe-
ripheral lung lesions.

2. Materials and Methods

2.1. Research Object. -e subjects were selected from our
hospital from January 2016 to March 2021. CT examination
was performed, and it was diagnosed as peripheral pul-
monary disease. Routine ultrasound or contrast-enhanced
ultrasound-guided lung biopsy was performed, and cases
confirmed by operation, pathology, or clinical follow-up
results were obtained. Inclusion criteria were as follows:
peripheral pulmonary lesions revealed by ultrasound. Ex-
clusion criteria were as follows: (1) ultrasound that cannot
clearly display lesions; (2) those with severe cardiopulmo-
nary insufficiency; (3) patients with aortic aneurysm and
pulmonary hypertension; (4) patients with bleeding ten-
dency; (5) people with mental disorders; (6) people with
severe cough; (7) patients with contrast agent allergy. After
screening, 110 cases were enrolled in the group, including 73
males and 37 females. -e age ranged from 20 to 90 years
old, and the average age was (68.2± 13.6) years. Locations of
lung lesions included 80 cases in middle and upper lobes and
30 cases in lower lobes. -e maximum diameter of PPLs was
the statistical index, the minimum was 19mm, and the
maximum was 137mm. -e average diameter of the lesion
was (48.2± 24.6) mm. -e cases were grouped and analyzed
as follows.

Fifty-five patients in the conventional ultrasound group
(conventional ultrasound-guided percutaneous lung biopsy)
were further divided into <30mm group of 18 cases
and ≥30mm group of 37 cases, according to the maximum
diameter of the lesion (30mm); fifty-five patients in the
ultrasound contrast group (contrast-enhanced ultrasound
followed by percutaneous lung biopsy under the guidance of
ultrasound) were further divided into <30mm group
(n� 20) and ≥30mm group (n� 35) according to the
maximum diameter of the lesion (30mm).

2.2. Instruments andMethods. -e instrument used was the
Yum Mylab Twice eHD Color Doppler ultrasound diag-
nostic instrument, and the instrument was equipped with
corresponding ultrasound contrast software. -e probe
frequency was 3.5∼5.0MHz. -e biopsy device from
American BARD was used, equipped with an 18G biopsy
needle. -e needle length was 20 cm, and the ejection dis-
tance was 22mm.

2.2.1. Preoperative Preparation. Preoperative routine ex-
amination obtained blood routine, serological and coagu-
lation functions, and so on. A conventional ultrasound
examination was performed to observe and record the
position, size, and internal echo of PPLs and to preliminarily
determine whether puncture biopsy could be performed.

2.2.2. Conventional Ultrasound-Guided Biopsy. -e appro-
priate position (lateral, supine, or prone position) was se-
lected. Before the operation, an ultrasound examination was
performed again to confirm the puncture path simulation
design and mark the puncture point on the surface of the
body. -e procedure begins with a routine disinfection on
the marked skin areas, followed by using 2% lidocaine for
local anesthesia and finally with the installation of a sterile
protective sleeve on the ultrasound probe. -e puncture
needle was passed through the skin along the upper edge of
the rib space from the marker point to the deep chest wall,
and the patient was asked to breathe. Under ultrasound
guidance, the needle continued to enter the front edge of the
lesion and the biopsy was completed by stimulating the
biopsy gun.-e tissue in the needle groove was placed on the
filter paper and fixed with 10% formaldehyde solution, and
then, the biopsy tissue was sent to pathological examination.
In the conventional ultrasound-guided group, the active
effective areas of hypoechoic, isoechoic, and hyperechoic
lesions were selected as far as possible for multipoint
puncture. Generally, two needles were punctured, and one
needle could be added if necessary. Single puncture success
rate refers to the successful puncture operation and only one
puncture point (Figure 1).

2.2.3. Ultrasound Contrast Method. -e contrast medium
was SonoVue produced in Italy, which was dissolved in 5ml
of normal saline and shaken until it became a suspension.
-e instrument was activated in the contrast-enhanced
ultrasound mode, 2.4ml of SonoVue microbubble suspen-
sion was rapidly injected through the cubital vein, followed
by a rapid bolus of 5ml of normal saline, and the images
were observed for 5minutes and saved. -e enhancement
distribution of lesions was analyzed. In the contrast-en-
hanced ultrasound group, the enhancement area was se-
lected as the puncture site and the unenhanced area was
avoided as far as possible. -e puncture method under
ultrasound guidance was the same as above, and 1-2 needles
were routinely punctured (Figure 2).

2.3. Judgment Standard. Criteria for successful sampling
were as follows: ultrasound-guided biopsy can take enough
tissue for pathological diagnosis leading to successful
sampling. Diagnostic criteria for malignant lesions were as
follows: biopsy of effective lesions can be found in malignant
cells. Criteria for the diagnosis of benign lesions were as
follows: benign cells with diagnostic significance can be
found in pathological tissues and this is consistent with other
imaging and follow-up results. -e criteria for failure of
biopsy were as follows: ① -e effective lesion tissues were
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(a) (b)

(c) (d)

Figure 1: A patient in the conventional ultrasound group, male, 56 years old. (a) Ultrasonography showed a hypoechoic mass in the middle
lobe of the right lung, with a size of 51mm∗38mm, and the echo was still uniform. (b) Color Doppler displayed a little blood flow signal.
(c) -e needle was passed through the pleura, into the lesion, and cut for biopsy. (d) Five minutes after needle extraction, no obvious
bleeding and pneumothorax and other complications were found.

(a) (b)

(c) (d)

Figure 2: A patient in the contrast-enhanced ultrasound group. (a) Ultrasound examination showed a hypoechoic mass in the lower left
lung, 43mm ∗40mm in size, with an uneven echo. (b) After injection of the contrast agent, it showed uneven enhancement. (c) -e
puncture needle was passed through the pleura, into the lesion, and cut for biopsy. (d) Five minutes after needle extraction, no obvious
bleeding and pneumothorax and other complications were found.
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not removed, such as necrotic tissue. ② Less-pathological
tissues were removed, and pathological diagnosis was im-
possible.③-e pathological tissues were removed without
accurate pathological diagnosis, and the results were only
pathological description. ④ -e pathological diagnosis re-
sults were not consistent with those of other diagnosis results
when the pathological tissue was taken out [8].

2.4. Statistical Analysis. SPSS 21.0 software was used for
statistical analysis. -e measurement data were expressed by
mean± standard deviation. -e measurement data were
compared between groups by the t-test. -e counting data
were compared between groups by the x2 test. P< 0.05
indicates that the difference between groups is statistically
significant.

3. Results

In 110 cases, the results of surgical pathology or clinical
follow-up showed that 71 cases were malignant and 39 cases
were benign. Among them, we have the following.

In the conventional ultrasound group, there were 55
cases of malignant lesions, 15 cases of adenocarcinoma, 9
cases of squamous cell carcinoma, 5 cases of small cell
carcinoma, 3 cases of poorly differentiated carcinoma, and 1
case of malignant mesothelioma and 22 cases of benign
lesions and 14 cases of inflammatory lesions, 5 cases of
inflammatory pseudotumor, 2 cases of granuloma, and 1
case of pulmonary tuberculosis.

In the contrast-enhanced ultrasound group, there were
55 cases of malignant lesions, 21 cases of adenocarcinoma, 8
cases of squamous cell carcinoma, 4 cases of small cell
carcinoma, 4 cases of poorly differentiated carcinoma, and 1
case of non-small-cell carcinoma and 17 cases of benign
lesions and 9 cases of inflammatory lesions, 5 cases of in-
flammatory pseudotumor, 2 cases of granuloma, and 1 case
of pulmonary tuberculosis.

Age (t� 0.427, p � 0.67), gender (X2 � 0.367, p � 0.55),
maximum diameter of the lesion (t� 1.201, p � 0.23), and
location (X2 � 0.733) were compared between the two
groups (p � 0.39), and the difference was not statistically
significant. -e success rate of single puncture in the con-
trast-enhanced ultrasound group (90.9%) was higher than
that in the conventional ultrasound group (72.7%), and the
difference was statistically significant (p< 0.05). -e success
rate of puncture in the conventional ultrasound group was
80% and that in the contrast-enhanced ultrasound group
was 94.6%, and the difference was statistically significant
between the two groups (p< 0.05). -ere was no significant
difference in the complications of needle tract bleeding and
pneumothorax after puncture between the two groups (see
Table 1).

Further grouping and analysis according to the size of
the lesions showed that for the cases with the largest
diameter <30mm, the difference in the single puncture
success rate, the puncture success rate, and the incidence of
complications (bleeding and pneumothorax) between the
conventional ultrasound group and the angiography group

were all different. -ere was no statistical significance. For
the group with maximum diameter ≥30mm, the success rate
of single puncture (97.1%) and the success rate of puncture
(97.1%) in the angiography-guided group were higher than
those in the conventional ultrasound-guided group (70.3%,
78.4%). -e difference was statistically significant (p< 0.05).
-ere was no significant difference in the incidence of
complications between the two groups (p> 0.05) (see Ta-
bles 2 and 3). In addition, there was no necrosis in the lesions
in the <30mm group; 43.1% (31/72) of the cases in
the ≥30mm group showed different degrees of necrosis
during angiography.

4. Discussion

Lung cancer is one of the commonmalignant tumors, and its
5-year survival rate is only 12%–15%. -erefore, early di-
agnosis and timely treatment of lung cancer are particularly
important [9, 10]. Peripulmonary lesions refer to the lesions
below the third bronchus and above the respiratory bron-
chioles. Because of their proximity to the pleura, it is very
difficult to puncture biopsy by using fiberoptic bronchos-
copy. In view of this situation, CT and ultrasound-guided
percutaneous lung biopsy can be used clinically. However,
CT-guided lung biopsy has the disadvantages of large ra-
diation dose, repeated scanning, inability to guide in real
time, and high cost, so it is rarely used in clinics [11–13].
Ultrasound-guided lung biopsy has the advantages of
nonradiation, real-time guidance, and economy, and ul-
trasound can display peripheral lung lesions near the chest
wall, by which it is easy to obtain the diseased tissue.
-erefore, ultrasound-guided lung biopsy is the preferred
method [14–16].

Whether the effective lesion tissue can be obtained by
percutaneous lung biopsy is the key to affect the diagnostic
accuracy of percutaneous lung biopsy [17, 18]. Conventional
ultrasound judges whether there is a necrotic area by the
echo level of the lesion. It is generally believed that the
extremely low-echo or echoless area is the necrotic tissue of
the lesion and the low-echo, isoecho, and hyperechoic lesion
area is the effective tissue. However, sometimes, the ultra-
sonographic images show low- to high-echo areas, and the
results of puncture biopsy show the necrotic tissue. It can be
seen that the echo level of the lesion cannot truly reflect
whether the lesion is a necrotic tissue or an effective tissue
[19, 20]. In recent years, contrast-enhanced ultrasound
(CEUS) has been applied to lung examination. CEUS agents
can show the blood perfusion of lesions, which is of guiding
significance in puncture biopsy [21, 22]. Contrast-enhanced
ultrasound is used to analyze and judge the blood perfusion
of the lesion according to the enhancement of the lesion after
injection of the contrast agent. -e enhancement area of
contrast-enhanced ultrasound is the perfusion filling area
that is the active effective area, and the nonenhanced area of
contrast-enhanced ultrasound is the perfusion defect or
nonperfusion area that is the necrotic area, and these can
guide lung biopsy in obtaining effective lesions [21, 23].
Contrast-enhanced ultrasound has some limitations; for
example, the cost of contrast-enhanced ultrasound and the
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complexity of examination are higher than of conventional
ultrasound. In addition, if contrast enhancement duration of
some lesions is short, contrast-enhanced ultrasound is also
prone to miss the target. Although contrast-enhanced ul-
trasound can show peripheral pulmonary lesions that are not
close to the pleura, the interference of a certain distance
between the lesion and the pleura can also easily lead to
inaccurate lesion location, which leads to the failure of bi-
opsy [24, 25].

-ere are significant differences in single puncture bi-
opsy rate and puncture biopsy rate between the conventional
ultrasound group and the ultrasound imaging group, which
is consistent with previous research results [26, 27]. -e
reasons for the failure of needle biopsy were analyzed: no
cancer cells were found in the biopsy results of 5 malignant
lesions in the conventional ultrasound group, and the needle
biopsy showed necrotic tissue, which led to the failure of
needle biopsy. Among the lesions, 6 cases of biopsy failed, 5
cases were diagnosed as inflammatory lesions under the
guidance of contrast-enhanced ultrasonography, and 1 case
with a history of tuberculosis was found as necrotic tissue.

No tumor cells were found in 3 patients in the contrast-
enhanced ultrasound group, but changes in the lesions were
found in subsequent follow-up, and repuncture was per-
formed to confirm the diagnosis. -ere was no significant
difference in the incidence of complications between the two
groups (see Table 1), but it was not difficult to see that the
incidence of complications in the contrast group was slightly
lower than that in the conventional ultrasound group. -e
reason is that conventional ultrasound can show the larger
blood vessels in the lesion to a certain extent, but when the
blood flow velocity in the lesion is low or the patient does not
cooperate, the blood flow in the lesion is not sensitive.
Contrast-enhanced ultrasound can dynamically display the
diameter, course, and number of blood vessels in the lesion
in real time, which can avoid respiratory interference and
then guide the formulation of the best puncture path to
reduce the occurrence of complications [28, 29].

-e success rate of puncture biopsy is affected by the size
of the lesion to a certain extent [30, 31]. For larger lesions,
the ultrasound image is clear, but the probability of lique-
faction necrosis is higher; for smaller lesions, the ultrasound

Table 2: Related indicators of biopsy for the <30mm group.

Group Success rate of single puncture Success rate of puncture Needle bleeding rate Pneumothorax rate
Conventional ultrasound group 77.8% (14/18) 83.3% (15/18) 27.8% (5/18) 27.8% (5/18)
Contrast-enhanced ultrasound
group 80.0% (16/20) 90.0% (18/20) 25.0% (5/20) 20.0% (4/20)

X2 value/t value 0.027 0.016 0.037 0.309
p value 0.869 0.899 0.848 0.578

Table 3: Related indicators of biopsy for the ≥30mm group.

Group Success rate of single puncture Success rate of puncture Needle bleeding rate Pneumothorax rate
Conventional ultrasound group 70.3% (26/37) 78.4% (29/37) 10.8% (4/37) 10.8% (4/37)
Contrast-enhanced ultrasound
group 97.1% (34/35) 97.1% (34/35) 2.9% (1/35) 5.7% (2/35)

X2 value/t value 7.517 4.202 0.745 0.126
P value 0.006 0.04 0.388 0.722

Table 1: Basic information of the conventional ultrasound group and contrast-enhanced ultrasound group.

Group Age Maximum diameter
Location (lung) Sexuality

Upper middle
lobe

Lower
lobe Male Female

Conventional ultrasound group 68.7± 14.0 45.4± 22.4 38 17 35 20
Contrast-enhanced ultrasound
group 67.8± 13.3 51.0± 26.5 42 13 38 17

c2 value/t value 0.427 1.201 0.733 0.367
p value 0.67 0.23 0.39 0.55

Group Success rate of single
puncture

Success rate of
puncture Pneumothorax rate

Conventional ultrasound group 72.7% (40/55) 80.0% (44/55) 16.4% (9/55)
Contrast-enhanced ultrasound
group 90.9% (50/55) 94.6% (52/55) 10.9% (6/55)

X2 value/t value 6.111 4.01 0.695
p value 0.013 0.045 0.405
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image shows poor image quality but almost no liquefaction
necrosis [32, 33]. In this study, a BARD automatic biopsy
gun was used for biopsy and an 18G biopsy needle was used.
-e needle length was 20 cm, and the ejection distance was
22mm. When the maximum diameter of the lesion was less
than 30mm, as long as the puncture route was established,
the lesion tissue could be punctured. Moreover, the prob-
ability of liquefaction necrosis in the lesion was very small,
and the puncture needle could generally obtain effective
tissue. When the maximum diameter of the lesion is greater
than 30mm, with the increase in the maximum diameter of
the lesion, the probability of liquefaction and necrosis within
the lesion also increases and the probability of the puncture
needle penetrating the necrotic tissue also increases.
-erefore, in this study, the influence of the diameter of the
lesion on the needle biopsy was added to the comparative
analysis and the lesion size of 30mm was used as the cut-off
value for further grouping [34, 35].

For the <30mm group, there was no significant difference
in puncture success rate between the conventional ultrasound
group and the contrast group. -e reason was that the au-
tomatic biopsy gun used in this study could obtain effective
lesion tissue within the diameter range of <30mm group. In
this case, the advantages of contrast-enhanced ultrasound in
locating, guiding, and distinguishing effective tissues are not
obvious compared with conventional ultrasound. In addition,
there was no significant difference in the incidence of
complications between the two groups. For the ≥30mm
group, the success rate of single puncture and puncture in the
contrast group was higher than that in the conventional
ultrasound group, and the difference was statistically signif-
icant. Because there may have many new vascular tortuous
and obstructions in the larger peripheral pulmonary lesions,
which can easily lead to tissue ischemic necrosis. Conven-
tional ultrasound cannot easily distinguish between the ef-
fective or necrotic tissue, while contrast-enhanced ultrasound
can show the effective area of the lesion and avoid puncture to
necrotic tissue, so the success rate of puncture in the contrast
group is higher than that in the conventional ultrasound
group [36–38]. -ere was no significant difference in the
incidence of complications between the two groups with
diameter ≥30mm. However, the incidence of complications
in these two groups was significantly lower than that in
the <30mm group. -e reason was that the diameter of the
lesion was large, the ultrasonographic image quality was good,
the location was easy, the success rate of puncture was higher
than that of the lesion with small diameter, the number of
punctures were reduced, and the puncture needle was used to
only puncture the lesion tissue during puncture biopsy, which
would not damage the normal lung tissue around the lesion.
On the other hand, the small diameter lesions are easy to be
affected by respiration, it is difficult to locate, the success rate
of one puncture is low, and in some cases, as long as the
conditions permit, the number of punctures will be increased
to obtain sufficient lesions tissue. At the same time, in some
cases, the puncture needle passes through the lesion and
damages the normal tissue around the lesion, which will
increase the incidence of complications such as pneumo-
thorax and bleeding to a certain extent [39].

5. Conclusion

For peripheral pulmonary lesions with the maximum
diameter ≥30mm, there was a significant difference in the
success rate of puncture between the contrast-enhanced
ultrasound group and the conventional ultrasound group
and the application of contrast-enhanced ultrasound to
guide puncture biopsy had better guiding significance. For
peripheral pulmonary lesions with the maximum
diameter <30mm, there was no significant difference in the
puncture success rate between the contrast-enhanced ul-
trasound group and the conventional ultrasound group. Due
to the small sample size of this study, it is necessary to
expand the sample for further discussion.
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