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Background: Ultrasound (US)-guided percutaneous needle biopsy is a useful diagnostic technique with 
short examination time and real-time monitoring at the bedside. However, there are only a few studies that 
report on thoracic lesions, whereas the computed tomography (CT)-guided biopsy is well established. There 
is also limited data comparing US- and CT-guided biopsy. We aimed to clarify the efficacy and safety of  
US-guided biopsy for thoracic lesions adjacent to the chest wall. 
Methods: We retrospectively enrolled consecutive patients who underwent US- or CT-guided 
percutaneous biopsies for thoracic lesions adjacent to the chest wall between April 2012 and December 
2017. Clinical characteristics, lesion size, lesion-pleura contact arc length (LPCAL), diagnostic rate, and 
complications were compared between the 2 groups. 
Results: This study enrolled 61 US-guided and 70 CT-guided biopsies. No significant difference was found 
in age or sex. The lesion size and LPCAL in the US-guided group were significantly larger than those in the 
CT-guided group (P<0.0001). The diagnostic rate was marginally higher in the US-guided group (93.4%) 
than in the CT-guided group (84.3%) (P=0.101). When the median cut-off of the LPCAL was defined as  
40 mm in all cases, the diagnostic rate for lesion size >40 mm was significantly higher in the US-guided 
group than in the CT-guided group (P=0.009). Complication rates were significantly lower in the US-guided 
group (3.3%) than in the CT-guided group (24.3%) (P<0.001). 
Conclusions: US-guided percutaneous needle biopsy for thoracic lesions adjacent to the chest wall is 
a feasible technique compared with CT-guided biopsy because of its higher diagnostic rate with a longer 
LPCAL and reduced complications.
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Introduction

Thoracic malignant diseases including lung cancer or 
malignant mesothelioma are increasing worldwide and 
are a leading cause of cancer-related deaths, particularly 
in Asian countries (1,2). Extensive local invasiveness and 
the frequency of distant metastases contribute to the poor 
prognosis in lung cancer. Recent advances in molecular 
targeted therapy in lung cancer based on epidermal growth 
factor receptor, anaplastic lymphoma kinase, c-ros oncogene 
1, and programmed cell death 1 inhibitor treatments require 
more sample volume to evaluate targeted histological 
diagnosis (3,4). Therefore, a more precise diagnostic 
procedure is necessary for use in determining appropriate 
management of thoracic malignancy.

Diagnostic modalities for thoracic lesions include 
surgical biopsy, bronchoscopy, and percutaneous needle 
biopsy under computed tomography (CT) or ultrasound 
(US) guidance. Surgical biopsy is a reliable method for 
diagnosing malignant disease and obtaining an adequate 
amount of tissue; however, it is invasive and requires general 
anesthesia. Bronchoscopy is a safe diagnostic modality; 
however, it has a low diagnostic yield for peripheral lesions, 
especially when the lesions are located adjacent to the chest 
wall or within 10 mm from the costal visceral pleura (5).

Percutaneous needle biopsy under imaging guidance 
(i.e., CT and US) is an effective diagnostic method and less 
invasive than a surgical biopsy. CT-guided percutaneous 
needle biopsy for peripheral lung or pleural lesions is 
particularly well established (6,7), and is commonly 
performed in clinical settings. Although CT-guided needle 
biopsy is generally a reliable procedure with a high diagnostic 
rate (77–96%) (8), it is associated with a high complication 
rate in addition to radiation exposure; post-procedural 
pneumothorax is reported to occur in 17–26.6% of cases and 
hemoptysis in 4–27%. Moreover, pneumothorax after CT-
guided biopsy sometimes requires drainage, and hemoptysis 
requires intubation or blood transfusion (9,10).

Previous studies reported that percutaneous needle 
biopsy under US guidance was an accurate and inexpensive 
technique with a short examination time, and allowed 
real-time monitoring at the bedside (11,12). US-guided 
percutaneous needle biopsy for thoracic lesions may have 
several advantages over the CT-guided procedure, with no 
radiation exposure, a short examination time at the bedside, 
real-time monitoring of needle placement in the target 
lesion, and avoidance of vessels through color Doppler 
imaging. Therefore, US-guided biopsy for eligible cases 

(such as a lesion directly in contact with the chest wall 
without an intervening aerated lung) has the potential to be 
a feasible and reliable biopsy technique as an alternative to 
CT-guided biopsy.

However, few studies have addressed the efficacy and 
safety of US-guided biopsy for thoracic lesions. Moreover, 
it is not yet established whether US- or CT-guided biopsy 
is preferred in a given case. Therefore, this study evaluated 
the efficacy and safety of US-guided versus that of CT-
guided biopsy in patients with peripheral lung or pleural 
lesions adjacent to the chest wall.

Methods

Patient selection and study subjects

We retrospectively enrolled and reviewed consecutive 
patients who underwent US- or CT-guided percutaneous 
biopsy for peripheral lung or pleural lesions adjacent to the 
chest wall at Osaka City University Hospital between April 
2012 and December 2017. A repeat biopsy performed at a 
different time in the same patient was treated as a different 
case. We excluded biopsies performed for thoracic lesions 
that were not adjacent to the chest wall. Written informed 
consent was obtained from all patients for the biopsy, in 
accordance with the ethical standards of the World Medical 
Association (Declaration of Helsinki). This study was 
approved by the Ethics Committee of our institution (#1700 
and #3433). Patients who needed thoracic percutaneous 
needle biopsy for definitive diagnosis were identified by 
each respiratory physician or a respiratory medicine team 
case conference and asked to undergo US- or CT-guided 
biopsy without specific criteria.

Clinical characteristics including age, sex, body mass index 
(BMI), lesion location, the presence of a pleural effusion, 
lesion size, lesion-pleura contact arc length (LPCAL), 
sample number obtained, and pathological diagnosis were 
reviewed. Lesion location was classified in 4 areas along 
4 main anatomical lines (midclavicular, anterior axillary 
area, posterior axillary, and paravertebral areas). LPCAL 
was measured as described previously (13) (Figure 1).  
The diagnostic rate and post-procedural complications were 
compared between the US- and CT-guided groups.

Biopsy procedures

CT-guided percutaneous needle biopsy
CT-guided biopsies were performed by 3 experienced 
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respiratory physicians (each with at least 5 years of 
experience and more than 5 years after completing a 
Japanese senior residency) using a procedure similar to 
that previously reported (14). Briefly, thoracic lesions were 
imaged on CT (CT-W2000AD, Hitachi, Tokyo, Japan) 
as 5-mm-thick contiguous axial tomographic sections, at 
120 kVp and 100 mA, before CT-guided needle biopsy. 
After lesions were detected, preliminary helical CT images 
were obtained in 3-mm-thick sections through the lesion. 
Following administration of local anesthesia containing 
1% lidocaine and insertion of an 18-G introducer needle 
(needle length, 100 mm; Hakko, Tokyo, Japan), biopsies 
were performed with a 19-G core tissue biopsy needle 
Bird®Magnum® (Bard, Covington, LA, USA). After the 
procedure, chest CT images were obtained to detect 
any complication such as pneumothorax or hemorrhage. 
Patients were continuously monitored with oximetry, 
electrocardiography, and blood pressure measurement after 
the procedure while remaining in a supine or prone position 
for at least 2 hours. Chest X-ray was also obtained.

US-guided percutaneous needle biopsy
US-guided biopsies were performed by 3 experienced 
respiratory physicians (each with at least 3 years of 
experience and more than 5 years after completing a 
Japanese senior residency) using an US system (GE 
Healthcare LOGIQ e) at the bedside in the respiratory 
ward. Patient position (supine or prone) was decided in 
advance based on the location of the lesion using the shortest 
and safest approach to visualize movement of the US probe. 

For each US-guided biopsy, operators chose a 4C or 12L 
transducer. After local antisepsis and anesthesia, the biopsy 
needle was inserted using a sterile puncture transducer with 
a needle-guide attachment and variable angle selection 
through a lateral or medial approach. Real-time color 
Doppler imaging was used to avoid vessels (Figure 2).  
The biopsy needle was advanced toward the lesion with 
real-time imaging using an 18-G needle, Bird®Monopty® 
(Bard). After the procedure, chest X-ray was obtained to 
identify any complications. The patient was monitored for 
2 hours.

Diagnostic categories
Pathological findings in biopsy samples were divided into 
3 categories: “malignancy”, “others”, and “no diagnosis”. 
Malignancy included any malignant diseases.

Others included benign tumors, organizing pneumonia, 
and other non-malignant diseases. No diagnosis included 
insufficient tissue and necrosis. The findings of malignancy 
and others were considered successful biopsies in the 
statistical analysis.

Statistical analysis

The comparisons of the 2 groups were evaluated with 
Fisher’s exact test for categorical values and the Mann-
Whitney U test for numerical values, and P<0.05 was 
considered significant. Logistic regression was used for 
univariate and multivariate analyses to identify the factors 
affecting diagnostic rates. Our multivariable models included 

Figure 1 Case 1: a 74-year-old male with lung adenocarcinoma of EGFR-TKI (gefitinib) resistance. (A) Chest CT showed lung lesions 
which ware adjacent to the chest wall; (B) LPCAL was shown by the white line. LPCAL in this case was 38 mm. EGFR-TKI, epidermal 
growth factor receptor tyrosine kinase inhibitor; CT, computed tomography; LPCAL, lesion-pleura contact arc length.

A B
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examination procedure (US, CT), age (≥75, <75 years),  
sex (male, female), BMI (≥22, <22 kg/m2), lesion location 
(anterior, midclavicular to anterior axillary, posterior, and 
posterior axillary to paravertebral areas), post-procedural 
complications (yes, no), and the presence of a pleural 
effusion (yes, no). Statistical analyses were performed using 
JMP10 software (SAS Institute, Inc., Cary, NC, USA).

Results

We enrolled a total of 131 biopsy cases (US-guided; n=61, 
and CT-guided; n=70) for thoracic lesions adjacent to the 
chest wall. Two patients in the CT-guided group were 
excluded from this study because of cancellation of the 
biopsy procedure due to pain and respiratory failure. One 
patient in the US-guided group was excluded because of 
cancellation of the procedure due to poor imaging under 
US guidance. CT-guided biopsy was performed in that 
patient at a different time. The characteristics of the  
2 biopsy procedure groups are shown in Table 1.

No significant difference was found between the 2 groups 
in age, sex, BMI, lesion location, and the presence of a 
pleural effusion. Lesion size and LPCAL in the US-guided 
group were significantly greater than those in the CT-
guided group (P<0.0001). The US-guided group yielded a 
significantly larger number of samples than the CT-guided 
group (P<0001).

Among US-guided biopsies, 53 samples were categorized 
as malignancies: 40 non-small cell lung cancers, 5 malignant 
lymphomas, 4 small cell lung cancers, 2 metastatic lung 
cancers, 1 malignant mesothelioma, and 1 sarcoma. Four 
biopsy samples were categorized as others: 2 thymomas, 
1 organizing pneumonia, and 1 lipoma. The last 4 biopsy 

samples were categorized as no diagnosis: 2 non-malignant 
and 2 necrosis.

Among CT-guided  b iops ies ,  52  samples  were 
categorized as malignancies: 40 non-small cell lung 
cancers, 3 small cell lung cancers, 7 metastatic lung 
cancers, 1 malignant mesothelioma, and 1 malignant 
thymic cancer. Seven biopsy samples were categorized as 
others: 2 organizing pneumonias, 2 granulation tissues, 
1 tuberculoma, 1 schwannoma, and 1 methotrexate-
associated lymphoproliferative disorder. The last 11 biopsy 
samples were categorized as no diagnosis: 8 no malignancy 
specimens, 2 necrosis, and 1 insufficient material.

The biopsy success rate was marginally but not significantly 
higher in the US-guided group (93.4%) than in the CT-
guided group (84.3%) (P=0.101). The median value of 
LPCAL was 40 mm. When data were divided into large/small 
LPCAL groups (median cut-off in all participants =40 mm;  
large: ≥40 mm; small: <40 mm), the diagnostic rate for 
lesions larger than 40 mm in the US-guided group was 
significantly higher than in the CT-guided group (P=0.009) 
(Table 2).

Univariate and multivariate analyses identified no 
variables that affected the biopsy success rate in all 
populations. However, the examination procedure was 
significantly affected by the biopsy success rate in patients 
with LPCAL ≥40 mm (odds ratio for US-guided vs. CT-
guided: univariate 0.15, multivariate 0.12 for all diseases) 
(Table 3).

Tota l  post-procedural  compl icat ions  (3 .3%; 0 
pneumothorax, 2 hemorrhages) in the US-guided group 
were significantly lower than in the CT-guided group 
(24.3%; 12 pneumothorax, 17.1%; 5 hemorrhages, 
7.1%). None of the patients in the US-guided group had 

Figure 2 Case 2: a 64-year-old male with lung abnormal shadow on CT scan. (A) Color Doppler imaging was performed before biopsy to 
avoid large vessels; (B) US-guided biopsy of a peripheral lung lesion (*) was performed. The needle (arrow) can be avoided large vessels. CT, 
computed tomography; US, ultrasound.
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detectable post-procedural pneumothorax or hemorrhage 
requiring treatment. In the CT-guided group, 3 (4.3%) 
patients required post-procedural treatment via chest tube 
placement (n=2) or surgery (n=1).

Discussion

The current study confirmed the acceptable efficacy 
and safety of CT-guided biopsy for thoracic lesions and 
revealed that US-guided biopsy had a higher diagnostic 
rate with a longer LPCAL and a higher success rate 
without complications. The US-guided group also yielded a 
significantly larger number of samples than the CT-guided 
group (P<0001), suggesting that US-guided biopsy might be 
safer for repeat biopsy than CT-guided biopsy. US-guided 
biopsy for thoracic lesions adjacent to the chest wall may 
be a feasible technique with respect to efficacy and safety 

compared with CT-guided biopsy.
Although bronchoscopy is a safe modality, the reported 

diagnostic yield for peripheral lesions using radial 
endobronchial US and a guide sheath is comparatively low 
at 55%, while the diagnostic yield for central parenchymal 
lesions is 77% (5). The success rates for US- and CT-guided 
biopsies in this study were 93.4% and 84.3%, respectively. 
These rates were acceptable compared with those reported 
in previous studies (US-guided: 84–96%, CT-guided: 77–
96%) (9,11,15-18). In our study, the lesion size and LPCAL 
in the US-guided group were significantly greater than 
those in the CT-guided group (P<0.0001). Most respiratory 
physicians consider a small lesion difficult to reach with US-
guided biopsy. However, Jarmakani et al. recently reported 
that there was no correlation between small lesion size and 
diagnostic accuracy in both US- and CT-guided biopsies. 
They also reported a free-hand approach in US procedures, 

Table 1 Subject characteristics (total n=131)

Characteristics US CT P value

Number (male/female) 61 (49/12) 70 (54/16) NS

Age, year 72 [64–79] 73 [66–79] NS

BMI 20.7 [18.9–22.9] 21.2 [19.2–23.7] NS

Lesion location, n (%) NS

Mid clavicular area 15 (24.6) 12 (17.1)

Ant axillary area 3 (4.9) 6 (8.6)

Post axillary area 17 (27.9) 17 (24.3)

Paravertebral area 26 (42.6) 35 (50.0)

Lesion size

Long diameter, mm 70.0 [58.0–82.0] 35.0 [25.8–47.3] <0.0001

LPCAL, mm 56.0 [46.5–67.0] 24.0 [18.8–38.5] <0.0001

Pleural effusion, n (%) 27 (44.3) 28 (40.0)

Sample number, n 3 [1–8] 2 [1–3] <0.001

Success rate (%) 57 (93.4) 59 (84.3) 0.101

Malignancy 53 (86.9) 52 (74.3)

Others 4 (6.6) 7 (10.0)

No diagnosis 4 (6.6) 11 (15.7)

Post-procedural complication rate (%) 2 (3.3) 17 (24.3) <0.001

Pneumothorax 0 (0) 12 (17.1)

Hemorrhage 2 (3.3) 5 (7.1)

Median [interquartile range]. US, ultrasound guided biopsy; CT, computed tomography guided biopsy; NS, not significant; LPCAL,  
lesion-pleura contact arc length.
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Table 3 Logistic regression analysis of factors affecting success rate of all diseases in all patients (N=131) and patients with LPCAL ≥40 mm 
group (N=68)

Variable
Univariate Multivariate

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

All patients 

Examination procedure (US vs. CT) 2.66 (0.853–10.025) 0.094 2.95 (0.900–11.590) 0.075

Age (≥75 vs. <75) 1.56 (0.523–5.301) NS 1.55 (0.493–5.432) NS

Sex (male vs. female) 1.39 (0.362–4.491) NS 1.55 (0.382–5.512) NS

BMI (≥22 vs. <22 kg/m2) 1.31 (0.437–4.446) NS 1.45 (0.463–5.124) NS

Post-procedural complication (yes vs. no) 1.12 (0.274–7.540) NS 1.34 (0.269–10.180) NS

Location (anterior vs. posterior) 1.59 (0.469–7.303) NS 1.35 (0.359–6.592) NS

Pleural effusion (yes vs. no) 0.44 (0.139–1.296) NS 0.42 (0.117–1.363) NS

Patients with LPCAL ≥40 mm group

Examination procedure (US vs. CT) 6.67 (1.440–36.397) 0.016* 6.61 (1.237–46.159) 0.027*

Age (≥75 vs. <75) 1.27 (0.286–6.668) NS 1.78 (0.333–11.555) NS

Sex (male vs. female) 0.81 (0.041–5.392) NS 0.77 (0.034–6.720) NS

BMI (≥22 vs. <22 kg/m2) 1.11 (0.249–5.821) NS 0.89 (0.154–5.522) NS

Post-procedural complication (yes vs. no) 1.5e+6 (0.141–infinity) NS 2.2e+6 (1.6e+51–infinity) NS

Location (anterior vs. posterior) 1.29 (0.266–9.344) NS 1.53 (0.221–15.367) NS

Pleural effusion (yes vs. no) 0.29 (0.040–1.383) NS 0.48 (0.055–3.296) NS

*, statistically significant. LPCAL, lesion-pleura contact arc length; CI, confidence interval; US, ultrasound guided biopsy; CT, computed 
tomography guided biopsy.

Table 2 Relationship between LPCAL and success rate in all patients

Variable US CT P value

LPCAL ≥40 mm, n (%) 48/51 (94.1) 12/17 (70.6) 0.009

LPCAL <40 mm, n (%) 9/10 (90.0) 46/53 (86.8) NS

Data were divided into large/small LPCAL groups (median split in all participants =40 mm; large: ≥40 mm, small: <40 mm). US, ultrasound 
guided biopsy; CT, computed tomography guided biopsy; NS, not significant; LPCAL, lesion-pleura contact arc length.

which provides more flexibility to reach even smaller lesions 
(<1.5 cm) (11). Other studies have shown that diagnostic 
accuracy generally decreases with decreasing lesion size, 
e.g., a solitary peripheral lung nodule, even with CT-guided 
biopsy (19,20).

Surprisingly, US-guided biopsy showed high diagnostic 
accuracy in patients with bulky lesions in greater contact 
with the chest wall. In contrast, the diagnostic rate of 
large mass lesions was comparatively decreased with CT-
guided biopsy. Jeon et al. also reported that among 97 
US-guided biopsies for lesions contacting the pleura, the 

“pleural contact length” significantly influenced diagnostic  
accuracy (13). Possible reasons are as follows: In large 
lesions, such as squamous cell lung carcinoma, central 
necrosis is often present, resulting in necrotic or inadequate 
samples. Needle insertion and biopsy under CT guidance 
are performed blindly, while needle placement can be 
performed with real-time visualization of the lesion under 
US guidance. Moreover, repeatability and a larger number 
of samples may increase the success rate. The approach of 
various angles to the lesion and visualization of the necrotic 
area and solid tumor based on sonographic features is also 
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an advantage of US-guided biopsy (21).
Our US-guided procedure in patients with LPCAL  

≥40 mm was significantly affected by the biopsy success rate. 
This finding may suggest that US-guided biopsy should 
be recommended for large mass lesions, such as those with 
LPCAL ≥40 mm. In addition, for thoracic lesions with 
LPCAL <40 mm, the success rate of US-guided vs. CT-
guided biopsy was not different, suggesting that US-guided 
biopsy might be useful in all cases and that the biopsy 
needle can reach the targets effectively.

Importantly, we observed no severe complications 
in either procedure. The complication rate for post-
procedural pneumothorax and hemorrhage requiring 
treatment was significantly lower in the US-guided group. 
US guidance can avoid normal lung through visualization 
of the lesion with respiratory movement, as well as vessels 
through color Doppler imaging. Heerink et al. reported 
that the overall complication rate in CT-guided biopsy was 
38.8%. The major complication rate was 5.7%, consisting 
of pneumothorax requiring intervention, hemothorax, 
air embolism, needle tract seeding, and death (22). Lee 
et al. also reported that US-guided biopsy was safer than 
CT-guided biopsy for peripheral lung lesions larger than  
10 mm (23). Therefore, US-guided biopsy might be a safer 
technique than CT-guided biopsy.

According to these findings, US-guided percutaneous 
needle biopsy for thoracic lesions may have some advantages 
with respect to efficacy and safety, compared with the CT-
guided procedure. These include: (I) avoidance of radiation 
exposure; (II) real-time bedside use; (III) repeatability; 
and (VI) avoidance of vessels with color Doppler imaging. 
In particular, US-guided percutaneous biopsy was more 
feasible in cases with bulky lesions (LPCAL ≥40 mm) and 
equally feasible in cases with non-bulky lesions (LPCAL 
<40 mm). The presence of a small lesion that cannot easily 
be detected with US may lead to decreased diagnostic yield 
or success rates in US-guided biopsy. Therefore, for small 
lesions, it remains unclear whether US- or CT-guided 
biopsy is preferable.

The current study had some limitations. The sample 
numbers were small, and the samples were retrospectively 
collected. The needle gauge in US-guided biopsy (18 G) 
was larger than in CT-guided biopsy (19 G), while some 
reports showed no differences in diagnostic yield according 
to needle size (24,25). In addition, procedures were selected 
by each respiratory physician, and patients were not 
randomized to CT- or US-guided groups, which may result 
in selection bias. However, new findings by respiratory 

physicians using these procedures in a clinical setting will be 
useful, as most of the available data comparing US and CT 
have previously been derived from procedures performed 
by radiologists.

Conclusions

In summary, our study showed the feasibility and efficacy of 
US-guided biopsy for thoracic lesions adjacent to the chest 
wall. This technique yielded a larger number of samples 
and a smaller number of post-procedural complications. In 
patients with LPCAL ≥40 mm, the success rate with US-
guided biopsy was higher than that with CT-guided biopsy. 
Further investigation is needed to confirm which procedure 
is better in an individual case.
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