Clinical value of ultrasound-guided percutaneous
biopsy of pulmonary lesions
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ABSTRACT. The purpose of this study was to evaluate the applica-
bility of ultrasound-guided percutaneous biopsy for the diagnosis and
differentiation of various pulmonary lesions in a Chinese population.
A total of 338 pulmonary lesions were biopsied with 18-gauge cutting
needles, guided by ultrasound, and sent for histopathological analy-
sis. The ultrasonographic characteristics of these lesions, procedure
complications, and histopathological diagnoses were analyzed. Suffi-
cient specimen for histopathologic analysis was obtained in 95.64%
(351/367), and mild complications occurred in 2.72% (10/367) of the
patients. Accurate diagnosis was obtained in 94.03% (315/335) of the
patients; 16 were lost to follow-up. Using the combination of shape
and echogenicity to distinguish benign vs malignant lesions, diagnos-
tic sensitivity and specificity were 57.39 and 95.65%, respectively. No
significant difference was found between malignant and benign lesions
in blood flow signals. Ultrasound-guided core biopsy is valuable for the
diagnosis, management, and prognosis of unknown pulmonary lesions.
Shape and echogenicity on ultrasonography correlate well with histo-
pathology and provide useful information for distinguishing between
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benign and malignant lesions. On the contrary, color Doppler is of little
value for this purpose.
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INTRODUCTION

Pulmonary lesions can have various clinical and radiographic presentations and
usually require biopsy for definitive diagnosis. Accurate etiologic diagnosis of pulmonary
diseases is important for their subsequent management (Charboneau et al., 1990; Haramati,
1995; Shami and Waxman, 2005). However, surgical biopsy is complicated by the morbid-
ity associated with the procedure. Ultrasonography has proved to be safe, accurate, portable,
and inexpensive and does not require radiation exposure. Since the first report of successful
ultrasound-guided percutaneous transthoracic needle biopsy of peripheral pulmonary masses
in 1976 (Chandrasekhar et al., 1976), this technique has gradually been accepted as an alterna-
tive approach to fluoroscopic- and computed tomography (CT)-guided biopsy for the diagno-
sis of thoracic tumors (Seyfarth et al., 2007; Vilmann and Puri, 2007; Kennedy et al., 2008;
Feller-Kopman et al., 2009; Chen et al., 2010; Beslic et al., 2012; Bugalho et al., 2013; Meng
et al., 2013). Radiography and CT are the preferred modalities for diagnosing pulmonary le-
sions as benign vs malignant. However, if pulmonary lesions could, instead, be diagnosed by
ultrasonography, the necessity for biopsy procedures would be reduced, resulting in decreased
emotional stress for patients. The purpose of this study was to evaluate ultrasonography and
ultrasound-guided percutaneous biopsy for the diagnosis and differentiation of various periph-
eral pulmonary lesions in a Chinese population.

MATERIAL AND METHODS
Study design, setting, and population

Three hundred and sixty-seven patients (254 males and 113 females; aged from 7
months to 83 years, mean age 57 + 5 years) with suspected pulmonary lesions on radiography,
CT, and ultrasonography, between June 2007 and November 2011 at Tangdu Hospital, were
included. Chest radiography and fiberoptic bronchoscopy were performed on each patient
before the ultrasonographic study.

Study protocol

The Acuson Sequoia 512 ultrasound system with a 4V 1 transducer and GE Logiq 5
ultrasound system with a 3.5C transducer were employed for ultrasound study. Characteristics
of the lesions, including size, shape, echogenicity, and blood flow within the lesions were
analyzed. Blood supplies within the lesions were categorized into 4 grades, from 0 to III, as
follows: 0, no blood signal in the lesion; I, sparse dots of blood flow signal in the lesion; II, one
blood vessel in the lesion; 111, 2 or more blood vessels in the lesion. The lesions were grouped
according to their ultrasonographic characteristics.

All biopsies were guided with real-time ultrasonography. Each transducer was
equipped with a guiding channel that provided a preset puncture area displayed on the moni-
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tor screen. The biopsy route of the 4V1 transducer could be adjusted at a fixed angle of 18/32
degrees. The biopsy procedure was performed 1 to 4 times (mean 2.6) with an 18-gauge (1.2
mm) Tru-Cut needle and a biopsy gun (Bard Biopsy Systems, USA) that had 2 alternative
depths for drawing out the specimen, 15 and 22 mm. Biopsy specimens were put directly into
a formaldehyde solution (formalin) for histological analysis.

The confirmatory diagnosis of a pulmonary lesion was based on: 1) surgical resection
or biopsy; 2) subsequent clinical course showing increase or decrease in size or disappearance
of the lesion; and 3) clinical follow-up on the chest radiograph or CT scan.

All procedures were in accordance with the ethical standards of the World Medical
Association (Declaration of Helsinki). The study was approved by the Ethics Committee and
informed consents were obtained from all patients.

Statistical analysis

Data were processed with the SPSS 14.0 software, and chi-square criterion and rank
sum test were used to compare differences among groups. P <0.05 was considered to be statisti-
cally significant. The validity and reliability of ultrasonographic characteristics for diagnosis and
differentiation of benign from malignant lesions were evaluated by comparison with final results.

RESULTS

The size of the lesions ranged between 1.2 and 9.5 cm (mean 4.15 + 1.97 cm) mea-
sured by ultrasonography. Diagnoses of the pulmonary lesions are shown in Table 1.

Table 1. Histopathology and confirmative diagnosis in all the patients.

Histopathology Final diagnosis

Malignant disease

Squamous carcinoma 86 94

Adenocarcinoma 75 83

Adenosquamous carcinoma 12 13

Small-cell carcinoma 10 18

Alveolar epithelium carcinoma 4 7

Others 20 20
Benign disease

Tubercle 35 32

Chronic inflammation 94 73

Inflammatory pseudotumor 10 9

Others 5 2
Others

Inadequate specimen 16 0

Loss of follow-up 0 16

Sufficient specimen for histopathologic analysis was obtained from 95.64% (351/367) of
the lesions. Samples that failed to provide sufficient histopathologic specimen were taken from ar-
eas of necrosis (N = 3), tissue fragmentation (N = 3), or collapsed lung (N = 5). Additionally, some
specimens were acquired outside of the target tissue (N = 5). Accurate diagnosis was obtained in
94.03% (315/335) of the patients. Twenty malignant lesions were misdiagnosed as benign lesions.

Complications occurred in 10 patients (2.72%): 5 had hemoptysis (3 had hemoptysis
before biopsy, and 2 were cured by medication), and the other 5 had pneumothorax (all recov-
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ered 2 days later without medication).
Ultrasonographic characteristics of the pulmonary lesions are shown in Table 2.

Table 2. Ultrasonographic characteristics of the lesions.

Shape Echogenicity Shape and echogenicity

I 1I 11 v \Y% VI

Chronic inflammation 65 8 63 10 60 13

Tubercle 12 20 13 19 6 26

Malignant lesion 31 204 36 199 12 223
P <0.001 P <0.001 P <0.001

I = cuniform shape; II = other shape; I1I = with hyperechoic structure scattered in hypoechoic mass; IV = without
hyperechoic structure scattered in hypoechoic mass; V = combined I and III; VI = all other combinations but V.

Most of the chronic inflammatory lesions (60/73) demonstrated cuneiform shape with some
hyperechoic faculas within the hypoechoic masses (Figures 1 and 2), whereas most of the malignant
lesions showed spherical shape and had no hyperechoic dots within them (Figures 3 and 4).

Figure 1. Lesion in the right lung in a 42-year old male patient. A. Gray-scale sonogram of the lesion, showing some
hyperechoic structures (extensions of the bronchus) scattered in the hypoechoic and cuniform mass; B. four vessels
(Grade III) displayed in the lesions by color Doppler imaging; C. the histopathology indicated chronic inflammation.
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Figure 2. Lesion in the right upper lung in a 61-year old male patient. A. Gray-scale sonogram of the lesion, showing
the cuniform shape and some sporadic hyperechoic dots within the lesion (MASS); B. dotted blood flow signals and a
long vessel were seen in the lesion by color Doppler imaging; C. the histopathology indicated tubercle.

Figure 3. Lesion in the left lung in a 55-year old male patient. A. Gray-scale sonogram of the lesion, showing a
sphere shape and no hyperechoic light spots within the lesion (M); B. there was some short strip vessels in the
center of the lesion by color Doppler; C. the histopathology indicated squamous carcinoma.
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Figure 4. Lesion in the right upper lung in a 63-year old female patient. A. Gray-scale sonogram of the lesion,
showing no hyperechoic facula in the globular lesion; B. there was some short strip vessels in the margin of the
lesion by color Doppler; C. the histopathology indicated adenocarcinoma.

The validity and reliability of the ultrasound diagnoses of the peripheral pulmonary
lesions are shown in Table 3.

Table 3. Validity and reliability of the ultrasound diagnosis methods.

Shape Echogenicity Shape and echogenicity
Sensitivity 66.96 (%) 66.09 (%) 57.39 (%)
Specificity 85.02 (%) 82.61 (%) 95.65 (%)
False-negative rate 33.04 (%) 33.91 (%) 42.61 (%)
False-positive rate 14.98 (%) 17.39 (%) 4.35 (%)
Positive predictive value 71.30 (%) 67.86 (%) 88.00 (%)
Negative predictive value 82.24 (%) 81.43 (%) 80.16 (%)
Positive likelihood ratio 4.47 3.80 13.20
Negative likelihood ratio 2.57 2.44 2.24
Youden’s index 0.52 0.49 0.53
Consistency rate 78.57 (%) 76.71 (%) 81.99 (%)
Kappa value 0.80 0.97 0.98

No significant difference was found in blood flow signals between malignant and
benign peripheral pulmonary lesions (Table 4).

Table 4. Blood flow signals in the lesions.

0 I 1T 111
Chronic inflammation 11 26 11 25
Tubercle 6 14 2 10
Malignant lesion 55 73 26 81
P>0.05.
DISCUSSION

In this study, 94.03% of patients with peripheral pulmonary lesions were correctly
diagnosed by ultrasound-guided percutaneous biopsy. Complications occurred in only 2.72%
of the patients, and most of the patients with complications recovered without any medication.
These data are similar to the results of other studies (Wang et al., 1995; Middleton et al., 2006;
Schuhmann et al., 2014).

On comparison with histological results, individual diagnostic ultrasound character-
istics showed low sensitivity but high specificity (Table 2). The highest Youden index value
was only 0.53, whereas kappa values were greater than 0.80. By observing shape and echo-
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genic characteristics, it is possible to differentiate benign from malignant lesions. A cuneal
shape or air bronchogram (Reissig and Kroegel, 2007; Sperandeo et al., 2011; Reissig et
al., 2012) within a hypoechoic mass is highly suggestive of chronic inflammation (Fig-
ures 1, 2 and Table 3). Anatomically, pulmonary inflammation usually affects a segment
or part of a segment of lung tissue, which leads to a cuneiform shape because of the
bronchial construction. When lung tissue is inflamed, it develops hyperemia, edema, fo-
cal necrosis, or hyperplasia. Some twisted, dilated extensions of the bronchus also occur
within the gas of the lesion because of obstruction by the inflammatory substances. On
sonograms, these extensions look like scattered “equals” (=) signs. In contrast, a lesion
with a non-cuneiform shape and no air bronchogram in it suggests malignancy (Figures
3 and 4). Most malignant lesions present as masses caused by expansive growing and ap-
pear globular (Figures 3 and 4). When a mass compresses or obstructs bronchi, the lesion
may look cuneiform because of local pulmonary atelectasis; usually, no gas persists in
the mass of pulmonary carcinoma. Occasionally, both benign and malignant lesions have
cavities that look like irregular, hyperechoic curves in a hypoechoic mass. In the present
study, 21 lesions with cavities were found on a CT scan. However, the number was too
small to be analyzed.

In early or healing stages of inflammation, many vessels form within the lesion be-
cause the function of nervous reflex and vessel activity amines mediator. Most pulmonary
carcinomas also develop rich blood supplies, thereby making the color Doppler of little value
for distinguishing between benign and malignant pulmonary lesions. Further study is needed
regarding the value of pulsed-wave Doppler for such differentiation. However, with color
Doppler ultrasound, larger vessels can be displayed, and thus bleeding can be avoided, and
proper biopsy specimens can be obtained in most patients.

Several complications occurred in patients in our study. Three patients had pre-
existing hemoptysis, and their bleeding was aggravated after the ultrasound-guided bi-
opsy. This was likely not due to the biopsy needle invading blood vessels, but rather due
to agitation of fragile lesions by the procedure. Two of these patients recovered with
medical treatment, and the third was cured without medication. However, hemoptysis
in 2 other patients proved to be caused by needle puncture of small vessels. In the 5
patients who developed pneumothorax, all recovered in 2 days without medication. No-
tably, the pulmonary lesion diameters were 1.9, 2.6, 1.2, 1.2, and 2.7 cm, respectively;
lesions greater than 1.5 cm in diameter are located only 1.0 cm away from the pleura.
Pneumothorax is often seen in patients with a lesion depth <1.5 cm, which might be due
to the fact that the Tru-Cut needle can easily damage normal lung tissue surrounding
lesions at this depth. Associated symptoms are usually very mild. However, hyperechoic
gas generated by a pneumothorax can interfere with obtaining an adequate specimen for
histopathological analysis.

Despite the complications mentioned above, percutaneous biopsy under the guidance
of ultrasound has proved to be a safe, accurate, and cost-effective method for obtaining tissue
samples for histopathology diagnosis and could be the first choice for diagnosis of peripheral
pulmonary lesions.
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