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Background: To investigate puncture skills and complications prevention in ultrasound-guided
percutaneous needle biopsy for peripheral lung lesions.

Methods: Ninety-two peripheral lung lesions in 92 patients, detected via computed tomography (CT) and
also visible on ultrasound, were retrospectively analyzed. All patients underwent percutaneous peripheral lung
lesion needle biopsy under traditional ultrasound or contrast enhanced ultrasound (CEUS) guidance paying
attention to avoiding necrotic areas and large blood vessels. All the specimens were examined histopathologically.
Preprocedure all 92 lesions were performed by traditional ultrasonography to evaluate the size, the echogenecity,
liquefaction areas and blood flow on color Doppler imaging, some of which were performed by CEUS for
evaluating non-enhanced necrosis areas, contrast agent arrival time (AT) and characteristics of blood perfusion.
Results: The histopathologic results of all 92 lesions were as follows: 67 malignant tumors (including 28
adenocarcinomas, 19 squamous cell carcinomas, 6 bronchoalveolar carcinomas, 5 small cell carcinomas,
5 metastatic cancers, 3 poorly differentiated cancers and 1 malignant mesothelioma), 20 benign lesions
(including 9 pneumonia, 6 inflammatory pseudotumors and 5 tuberculomas), 5 undetermined lesions. Of
52 lesions by CEUS guidance, 7 lesions showed enhancement in the pulmonary arterial-phase (including
6 pneumonia and 1 malignant tumors), 45 lesions showed enhancement in the bronchial artery phase
(including 37 malignant tumors, 3 inflammatory pseudotumors, 4 tuberculomas and 1 undetermined lesion).
According to needle insertion angle along linear path, a total of 92 lesions were divided into two groups,
49 lesions at an angle of 70°-80° needle insertion and 43 lesions at an angle of 80°-90° needle insertion. In
the study, linear and non-linear two puncture paths were used, we first tried to puncture along linear path
in all lesions, if an attempt to insert into the lesions failed due to be blocked by the ribs and then changed
to puncture along non-linear path instead. The success rate of biopsy procedure along linear puncture was
significantly higher at an angle of 80°-90°group (93.0% vs. 20.4%, P<0.01), and the adoption rate of non-
linear path biopsy for solving the puncture needle blocked by the ribs was significantly higher at angle
of 70°-80°group ( 79.6% vs. 7.0%, P<0.01). Of 52 lesions by CEUS guidance, 27 (51.9%) showed non
enhanced necrosis areas on CEUS, only 5 showed liquefaction necrosis areas on gray-scale ultrasound. Of
40 lesions by traditional ultrasound guidance, 4 showed necrosis areas on gray-scale ultrasound. There
were no significant differences in lesion size, the average number of biopsy attempts and complication
rates between CEUS guidance group and traditional ultrasound guidance group (P>0.05), the pathological
confirmation rate in CEUS guidance group was higher than that in traditional ultrasound guidance group,
but without significant difference (98.1% wvs. 90.0%, P>0.05). Of all 92 cases, 3 cases (3.3%) had mild
pneumothorax and 4 cases (4.3%) had hemoptysis.

Conclusions: In ultrasound-guided needle biopsy for peripheral lung lesions, using a combination of linear
and non-linear puncture techniques and keeping away from necrotic areas and large blood vessels, may help to

increase the success rate and reduce the incidence of complications further.
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Introduction

With the wide application of high-resolution CT and the
established role of low-dose helical computed tomography
(CT) screening for lung cancer, pulmonary lesions are
increasingly detected (1,2). Image-guided biopsy is still
required for lesions that cannot be determined by CT or
malignant lesions diagnosed by CT need to be clarified
histopathologically or genetic types before radiotherapy
or chemotherapy (3-5). Percutaneous biopsy under CT
guidance is often used for peripheral lung lesions nearby
or adjacent to the chest wall, and percutaneous biopsy
for peripheral lung lesions adjacent to the chest wall can
be performed under both CT and ultrasound guidance.
Compared with CT-guided biopsy, ultrasound-guided
biopsy for peripheral lung lesions was simple, safe, real-
time visualization, fewer complications, lower cost and
no radiation exposure, the diagnosis rate similar to that of
CT (5-8). The defect of ultrasound guidance is easy to be
affected by aerated lung tissue, narrow scope of application
(only suitable for peripheral lung lesions adjacent to the
chest wall), in addition, mastering ultrasound-guided
puncture biopsy requires a long training period, which may
be the reason why CT guidance is currently preferred more
than ultrasound guidance in lung lesions puncture biopsy in
many countries (9,10). In China, ultrasound-guided biopsy
is usually preferred for peripheral lung lesions adjacent to
the chest walls, while CT-guided puncture biopsy is mainly
used for the pulmonary lesions that cannot be displayed
by ultrasound. So far, few studies focused on the technical
aspects of ultrasound-guided percutaneous peripheral
lung lesions biopsy (11). This study aims to investigate
the puncture skill of peripheral lung lesion biopsy under
ultrasound guidance, so as to improve the success rate,
reduce the incidence of complications and promote its
clinical application.

Methods
Patients

Ninety-two peripheral pulmonary lesions in 92 patients,
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detected via CT and also visible on ultrasound, were
retrospectively analyzed. CT could not determine
benign or malignant in 53 cases, the histopathological
type of malignant lesions needed to be identified before
chemotherapy or radiotherapy in 39 cases. The study
population included 56 males and 36 females with a mean
age of 66.4+12.6 years (range, 52-82 years). Ninety-two
peripheral lung lesions were a mean diameter of 3.2+1.1 cm
(range, 1.2-9.2 cm). The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). This
study was approved by the Ethics Committee of Beijing
Tiantan Hospital (KY 2019-015-02), and written informed
consents were obtained from all patients prior to contrast
enhanced ultrasound (CEUS) and ultrasound-guided
percutaneous needle biopsy.

Equipment

The GE Logiq E9 color Doppler ultrasound system
equipped with a 1-5 MHz convex array probe, 2-7 MHz
small convex array probe, and a probe-guiding puncture
device was used. Bard automatic ejection biopsy gun and
Bard disposable biopsy needle (16G, 18G) were used. A
second-generation ultrasound contrast agent, SonoVue
(Bracco Imaging, Milan, Italy) was used. Each time,
2.4 mL of the contrast agent suspension was injected into
the cubital vein, followed by injection of 5.0 mL of saline
solution as a flush. Imaging software with a low mechanical
index was used to analyze the images.

Biopsy methods

Preprocedure ultrasonography examination was performed
in all 92 lesions in 92 patients for the lesions’ size,
echogenecity, liquefaction areas and blood flow on color
Doppler imaging, of whom CEUS was performed in
52 lesions in 52 consecutive patients for observing non-
enhanced necrosis areas, contrast agent arrival time (AT)
and characteristics of blood perfusion in the lesions, which
aimed to investigate the localization sampling by CEUS on
the histopathologic results and the characteristics of blood
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Figure 1 The lesion was punctured avoiding non enhanced necrosis area under guidance of contrast-enhanced ultrasound (CEUS). (A)

CEUS displayed irregular non enhanced necrosis areas in the lesion pre-procedure; (B) needle puncture was performed under gray scale

ultrasound-guidance avoiding non enhanced necrosis area by CEUS.

Figure 2 Schematic diagram of needle biopsy for peripheral pulmonary lesions behind ribs along linear path and non-linear path. (A) Along

linear path: Biopsy failed due to the needle hindered by the rib; (B) Along non-linear path: Biopsy completed avoiding the rib successfully

through deflecting the needle from position 1 to position 2 (the solid line representing the actual track of the needle, the dotted line

representing the position of the needle after deflection, the arrow representing the position of the needle tip).

perfusion of different lung lesions.

The arterial phase was determined by comparing contrast
agent AT in the peripheral lung lesion with that in adjacent
lung tissue using “real-time comparative observation
method” (12). All patients underwent percutaneous
peripheral lung lesion biopsy under traditional ultrasound
or CEUS guidance paying attention to avoiding necrotic
areas and large blood vessels (Figure I). All the specimens
were examined pathologically. None of the patients had
contraindications for CEUS and the biopsy, and signed
informed consent was obtained from each patient or family
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members before the CEUS and biopsy procedures.

In the study, linear and non-linear two puncture paths
were employed, we first tried to puncture along traditional
linear path in all lesions, if an attempt to puncture the
lesions directly failed due to be blocked by the ribs and
then changed to puncture along non-linear path instead
(Figure 2). (I) The traditional linear path: needle insertion
point on skin was at the center of intercostal space with
the nearest distance to the lesion and the lesion displayed
clearly. A needle tract was designed to pass through the
needle insertion point and the target area of the lesion,
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being coincidence with built-in puncture guide line. Then
the puncture needle was put into the needle groove of the
guide device and the whole biopsy process was guided by
real-time ultrasound; (II) non-linear path: if an attempt to
puncture the lesion directly along linear path failed due to
be blocked by the rib along linear path and then changed
to puncture along non-linear path instead. The needle
insertion point on skin remained unchanged, the puncture
needle subverticaly descended through the intercostal space
down to the inner intercostal muscle layers, then tilting the
probe with puncture needle properly to make the direction
of the needle in line with the preset puncture guide line
across the target lesion, then puncture needles were
penetrated into the lesion along the guide line under real-
time guidance of ultrasound and specimens were obtained.

Statistical methods

SPSS version 20.0 software was used for statistical analysis.
Fisher's test or the chi-squared test was used to compare
qualitative data. The two-sample 7-test was used to compare
the number of punctures between the two groups. P<0.05
represented a statistically significant difference.

Results

The histopathologic results of all 92 lesions were as follows:
67 malignant tumors (including 28 adenocarcinomas, 19
squamous cell carcinomas, 6 bronchoalveolar carcinomas,
5 small cell carcinomas, 5 metastatic cancers, 3 poorly
differentiated cancers and 1 malignant mesothelioma); 20
benign lesions (including 9 pneumonia, 6 inflammatory
pseudotumors and 5 tuberculomas); 5 undetermined lesions.
Of 52 lesions by CEUS, 7 lesions showed enhancement in
the pulmonary arterial-phase (including 6 pneumonia and
1 malignant tumor), 45 lesions showed enhancement in
the bronchial artery phase (including 37 malignant tumors,
4 inflammatory pseudotumors, 3 tuberculomas and 1
undetermined lesion).

Total of 92 peripheral lung lesions were note with mean
diameter of 3.2+1.1 cm (range, 1.2-9.2 cm), including 39
small lesions with a diameter of 1-2 cm and 53 large lesions
with a diameter greater than or equal to 2 cm. All 92 lesions
had either uniform or inhomogeneous hypoechogenicity
on gray-scale ultrasound, 79 lesions were hypovascular and
13 lesions were hypervascular on Doppler imaging. Fifty-
two patients were performed percutaneous biopsy by CEUS
guidance and 40 patients were performed by traditional
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ultrasound guidance. Of 52 lesions by CEUS guidance, 27
(51.9%) showed non enhanced necrosis areas on CEUS
and only 5 of them showed liquefaction necrosis areas on
gray-scale ultrasound, a large narrow base lesion sized
3.5cm for high risk of pneumothorax was ignored on gray-
scale ultrasound and discovered by CEUS preprocedure,
the other 51 lesions displayed with wide base on gray-
scale ultrasound and CEUS (Figures 3,4). Of 40 lesions
by traditional ultrasound guidance, 4 showed liquefaction
necrosis areas on gray-scale ultrasound.

In 82 cases 18 G biopsy needle was used and in 10
cases 16 G biopsy needle was used. The average numbers
of puncture was 3.0 (range, 1-5). Mild pneumothorax
occurred in 3 (3.3%) cases: 2 small lesions with a diameter
of 1-2 cm and 1 large lesion with a diameter of 3.5 cm.
Hemoptysis occurred in 4 (4.3%) cases, massive hemoptysis
in 1 case during procedure and bloody sputum in 3 cases
postprocedure. The average number of biopsy attempts
by traditional ultrasound and CEUS guidance was 3.1 and
3.0, respectively. There were no significant differences in
lesion size, the average number of biopsy attempts and
complication rates between two groups (P>0.05). The
pathological confirmation rate in CEUS guidance group was
higher than that in traditional ultrasound group, but without
significant difference (98.1% vs. 90.0%, P>0.05) (1able I).

According to needle insertion angle along linear path, a
total of 92 lesions were divided into two groups, 49 lesions
at an angle of 70°-80° needle insertion and 43 lesions at an
angle of 80°-90° needle insertion, the success rate of biopsy
procedure along linear puncture was significantly higher at
an angle of 80°-90°group (93.0% vs. 20.4%, P<0.01), and
the adoption rate of non-linear path biopsy for solving the
puncture needle blocked by the ribs was significantly higher
at angle of 70°-80°group ( 79.6% vs. 7.0%, P<0.01) (Table 2).
The over all adoption rate of non-linear path biopsy is
45.7% (42/92).

Discussion

The needle insertion angle is mainly dependent on the
position of the lesion. According to needle insertion angle
along linear path, lesions were divided into 70°~80° angle
group and 80°-90° angle group in our study, the success rate
of biopsy procedure along linear puncture was significantly
higher at angle of 80°~90°group (93.0% wvs. 20.4%, P<0.01),
and the adoption rate of non-linear path biopsy for solving
the puncture needle blocked by the ribs was significantly
higher at angle of 70°-80°group (93.0% wvs. 20.4%, P<0.01).
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Figure 3 A narrow-based periphery lung lesion (cancer nodule) on computed tomography (CT), gray-scale ultrasound and contrast
enhanced ultrasound (CEUS). (A) CT imaging scan in sagittal view; (B) CT imaging scan in transverse view; (C) being affected by gas
interference, the lesion displays unclear edge hypoechoic area on gray-scale ultrasound; (D) the lesion displays a circular high enhancement
around it in early phase on CEUS.

Figure 4 A wide-based peripheral lung lesion (tuberculosis nodule) on gray-scale ultrasound and contrast enhanced ultrasound (CEUS). (A)
The lesion shows hypoechoic area with clear boundary on gray-scale ultrasound; (B) the lesion displays a semi-circular high enhancement
around it in early phase on CEUS.
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Table 1 Comparison between traditional ultrasound guided biopsy and CEUS guided biopsy with histopathologic results and complications

Indicator Traditional ultrasound guidance (n=40) CEUS guidance (n=52) P value
Lesion size (cm) >0.05
<2 17 22
>2 23 30
Histopathologic results >0.05
Confirmed 36 51
unconfirmed 4 1
Complications >0.05
Pneumothorax 2 1
Hemoptysis 2 2
CEUS, contrast enhanced ultrasound.
Table 2 Relationship between needle insertion angle along linear path and the actual puncture path
The actual puncture path (%)
Needle insertion angle along linear path P value
Non-linear Linear path
80°-90° (n=43) 3(7.0) 40 (93.0) <0.01
70°-80° (n=49) 39 (79.6) 10 (20.4)

In the study, the problem of puncture needles blocked by
the ribs along linear path biopsy was completely solved
using non-linear path biopsy, which was attributed to the
fact that the lesions at 80°-90° subvertical angle needle
insertion usually located in the intercostal space and biopsy
along linear path had a high successful rate, while lesions at
an angle of 70°-80° needle insertion usually located behind
the ribs and biopsy along non-linear path was appropriate.
Therefore, in percutaneous ultrasound-guided biopsy for
peripheral lung lesions, the angle of needle insertion may
serve as a reminder of the appropriate puncture path.

In percutaneous ultrasound-guided biopsy for
peripheral lung lesions, the problem of puncture needles
blocked by the ribs is a frequent occurrence, especially
for lesions located behind the ribs. Ultrasound image has
poor resolution for needle tips and lesions and chest wall
compared with CT image influenced by the aerated lung,
so, regardless of anatomical features of peripheral lung
lesions and the chest wall, blindly trying can easily lead to
biopsy failure and increase the incidence of complications
and is not advisable In the study, the needle was firstly
punctured along traditional linear path in all lesions, if

the needle tip happened to be blocked by the rib and then
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changed to puncture along non-linear path instead. In
percutaneous ultrasound-guided biopsy for peripheral
lung lesions, puncture biopsy along linear path by real-
time guidance of ultrasound is most commonly performed,
simple and convenient, preferable for lesions located in the
intercostal space, but prone to failure for lesions located
behind the ribs, we solved this problem well using “non-
linear path” puncture technique. The over all adoption rate
of non-linear path biopsy is 45.7% (42/92) in the paper.
Obviously, “linear” and “non-linear” puncture path are
suited for lesions located in the intercostal space and behind
the ribs respectively, which are equally important skills in
ultrasound-guided needle biopsy for peripheral lung lesions.

The most common complication of ultrasound-
guided percutaneous biopsy for peripheral lung lesions is
pneumothorax, the incidence of pneumothorax is 1-6%
(13-15). In the paper, the incidence of pneumothorax in this
study was 3.3% and all were mild pneumothorax without
thoracic intubation and drainage, which was similar to
relevant literature reports by ultrasound guidance and far
lower than the incidence of CT pneumothorax at 20.5% (5).
Pneumothorax occurs easily in small lesions with a diameter
of 1-2 cm, especially those around lcm in diameter, which is
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mainly related to the deviation of the guidance, the patient's
respiratory movement and the presence of gas reverberation
artifacts. Priolal reported that the risk of pneumothorax
in lesions smaller than 2cm may be 17-fold higher than in
larger lesions (16). In the paper, 3 cases had pneumothorax,
2 cases with small lesion size of 1-2 ¢cm and 1 case with a
large lesion size of 3.5cm, the latter patient’s pneumothorax
was due to her narrow-based lesion less than 1 cm like a
pedicle, it was first ignored on gray-scale ultrasound because
of lack of typical features and discovered by CEUS later. In
early phase on CEUS, the narrow-based lesion displayed
circular high enhancement around it and the wide-based
lesion displayed semi-circular high enhancement around it,
which was due to retaining normal the pulmonary arteries
perfusion in the air-conditioning lung tissue around the
lesion. Pneumothorax complication in this case was almost
inevitable, fortunately we seized the only opportunity for
biopsy and obtained "non-mucinous alveolar carcinoma"
confirmed pathological findings depending on one slice of
lesion’s tissue sample. So, in ultrasound-guided biopsy for
peripheral lung lesions, we should pay attention not only to
the size of the lesion but also to the base width of the lesion
preprocedure (10,11), CT imaging for lung lesions being
more accurate and reliable than US, it is very important for
understanding the characteristics of lesions by CT imaging
in ultrasound-guided biopsy for peripheral lung lesions.
Except for the lesion’s size and the base width, breath
control is also very important to prevent pneumothorax, all
patients should be trained to hold breath preprocedure. In
ultrasound-guided biopsy for peripheral lung lesions, once
pneumothorax occurs, the lesion cannot be displayed and
biopsied repeatedly, “one shot” biopsy should be prepared
for patients with high risks of pneumothorax.

Another common complication in percutaneous
biopsy for peripheral lung lesions is hemorrhage, being
characterized by a small amount of minor bleeding in most
cases, occasionally severe complications such as hemoptysis,
hemothorax or intrapulmonary hematoma may occur
(17,18). From the perspective of precaution, the thickness
of the biopsy needle should be paid more attention. At
present, 18G biopsy needles with moderate thickness are
typically used, a few scholars attempted to use 16G or 14G
biopsy needles for peripheral lung lesion and thought there
was no significant increase in the incidence of complications
but the greater tissue yield can reduce the number of
punctures (19-21). In the study, 16G biopsy needles were
used in 10 patients, and one patient showed hemorrhage in
the sputum. Statistical analysis was not performed because

© Journal of Thoracic Disease. All rights reserved.

3703

the number of cases was small and case selection was not
random. The incidence of hemoptysis in this study was
4.3%, which was similar to the literature reports (13-15).
"To note that, in our study 1 case was complicated by serious
hemoptysis during the procedure due to only a puncture
by 18G needle (the histopathological findings “lung
adenocarcinoma”), who had a large lesion sized 9.2 cm in
diameter and high vascularity, cough and bloody sputum
preprocedure, bleeding gradually stopped but obstructive
atelectasis occurred in affected lung lobe post procedure. In
all, hemorrhage complication is mild and rarely happened
in peripheral lung lesions biopsy ultrasound-guided, but
massive hemorrhage complication should be paid more
attention in large lesions due to lesions with abundant
blood supply and invasion of deep large vessels. It is
helpful for preventing hemorrhage complications by using
thick needles with caution, restricting puncture attempts,
puncturing at relatively shallow areas with no large blood
vessels.

Priolal reported that the diagnostic accuracy rate of
lesions >5 cm in size was 78%, and the diagnostic accuracy
rate of lesions <5 cm in size was 87%, which was related
to the high incidence of liquefaction necrosis (16). CEUS
is more sensitive and reliable than traditional ultrasound
in identifying focal necrosis of lesions, needle biopsy of
peripheral lung lesions under CEUS guidance is receiving
increasing attention in recent years (12,22-27). In the
study, preprocedure CEUS was performed in 52 lesions
in 52 consecutive patients to evaluate non-enhanced focal
necrosis and determine the lesions’ sampling part in order
to improve histopathologic confirmation rate of puncture
biopsy, 27 (51.9%) showed no enhanced focal necrosis, and
among them only 5 showed liquefaction necrosis on gray-
scale ultrasound. The pathological confirmation rate of
puncture biopsy under CEUS guidance was higher than that
under traditional ultrasound guidance, but no significant
difference was observed, which perhaps due to multiple
puncture attempts and small numbers. Beyond above,
CEUS can also be used for the preliminary qualitative
evaluation of peripheral lung lesions. Previous studies
have shown that blood supply to pulmonary malignant
tumors originates mainly from the bronchial arteries and
manifests as delayed enhancement on CEUS, pneumonia,
atelectasis and pulmonary consolidation, on the other
hand, exhibit early enhancement due to retained normal
blood perfusion (12,22-27), our results conform to that
dealt with in the literature. In addition, we also found that
tuberculous nodules and inflammatory granulomas chronic
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inflammatory benign lesions showed delayed enhancement
similar to malignant tumors, of whom the similarity of blood
perfusion patterns may be an important reason hard to
distinguish from one another by various imaging techniques.
With image technology progressing faster than ever, biopsy
for histopathological examination guided by various images
(including ultrasound) is still irreplaceable in lung lesions.

Conclusions

In ultrasound-guided needle biopsy for peripheral lung
lesions, using a combination of linear and non-linear
puncture techniques and keeping away from necrotic areas
and large blood vessels, may help to increase the success
rate and reduce the incidence of complications further.
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