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1. INTRODUCTION
Pneumothorax and pulmonary hemorrhage are the most com-
mon complications associated with computed tomography (CT)–
guided transthoracic biopsies, with an incidence of 16%–40%  
and 3%–68%, respectively, according to previous studies.1–3 
Known risk factors for pneumothorax include a smaller lesion 
size,4 greater lesion depth,5 longer needle path,6,7 smaller 

needle-pleura angle,5,8 needle track across the fissure,8 male 
sex, older age,3 and the presence of lung emphysema or chronic 
obstructive pulmonary disease.9 CT-guided biopsy of small-
sized lesions is more difficult, as it requires a greater number of 
attempts to adjust the needle. The pleural hole created by a nee-
dle via an oblique puncture route is postulated to be larger than 
that created via a vertical route8 and larger pleural hole is associ-
ated with a higher risk of air leakage and pneumothorax. Older 
age is reportedly a risk factor, since elderly patients experience 
difficulties in following the instruction to hold their breath than 
that experienced by younger patients,3 potentially increasing the 
risk of alveolar rupture during needle adjustment. Men are at a 
higher risk as they exhibit a greater prevalence of smoking than 
that exhibited by women. Smoking is a well-recognized cause 
of emphysema, which induces lung inflammation and alveolar 
destruction,10 thereby resulting in lower parenchymal attenua-
tion on CT scans.

The known risk factors for pulmonary hemorrhage include a 
smaller lesion size, greater lesion depth,4,11 longer needle path,6 
subsolid lesion, and older age.11 A smaller lesion is considered 
to require a greater number of attempts to adjust the biopsy 

* Address correspondence. Dr. Chun-Ku Chen, Division of Cardiopulmonary 
Radiology, Department of Radiology, Taipei Veterans General Hospital, 201, 
Section 2, Shi-Pai Road, Taipei 112, Taiwan, ROC. E-mail address: ckchen@
vghtpe.gov.tw (C.-K. Chen).

Conflicts of interest: The authors declare that they have no conflicts of interest 
related to the subject matter or materials discussed in this article.

Journal of Chinese Medical Association. (2022) 85: 500-506.

Received April 10, 2021; accepted January 17, 2022.

doi: 10.1097/JCMA.0000000000000705.
Copyright © 2022, the Chinese Medical Association. This is an open access 
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/)

Abstract 
Background: Identifying the risk factors for complications may alert the physicians and help them adjust their plans before 
performing computed tomography–guided lung biopsies. Reportedly, a pleura-nodule distance longer than 2.0 cm is a strong 
predictor for pneumothorax and pulmonary hemorrhage. However, the rate and risk factors of biopsy-associated complications in 
subpleural lesions have not been assessed. This study aimed to identify the risk factors for pneumothorax and pulmonary hemor-
rhage in subpleural lesions ≤2.0 cm in depth.
Methods: Altogether, 196 patients (196 subpleural lesions, lesion depth: 0.1–2.0 cm) who underwent computed tomography–
guided transthoracic core-needle biopsies between March 2017 and November 2017 were retrospectively analyzed. Univariate 
analysis of risk factors including patient-related, lesion-related, and procedure-related characteristics was performed for pneumo-
thorax ≥1 cm and pulmonary hemorrhage ≥2 cm after the biopsy. Multivariate logistic regression analysis was performed to identify 
the independent risk factors.
Results: Pneumothorax ≥1 cm and pulmonary hemorrhage ≥2 cm were identified in 35 (17.9%) and 32 (16.3%) cases, respec-
tively. In the multivariate analysis, a longer needle path (odds ratio [OR], 1.976; 95% confidence interval [CI], 1.113−3.506;  
p = 0.020) and low attenuation along the biopsy tract (OR, 3.080; 95% CI, 1.038−9.139; p = 0.043) were predictors of pneumo-
thorax ≥ 1 cm. Ground-glass lesions (OR, 2.360; 95% CI, 1.009–5.521; p = 0.048) and smaller needle-pleura angle (OR, 0.325; 
95% CI, 0.145−0.728; p = 0.006) were associated with pulmonary hemorrhage ≥2 cm.
Conclusion: For subpleural lesions ≤2.0 cm in depth, a puncture route having a shorter needle path and passing through the lung 
parenchyma with higher attenuation may reduce the risk of biopsy-associated pneumothorax ≥1 cm. A higher needle-pleura angle 
may reduce the risk of pulmonary hemorrhage ≥2 cm in the short axis.
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needle and a longer needle path that traverses a greater number 
of pulmonary vessels, thereby increasing the risk of pulmonary 
hemorrhage.

In clinical practice, technical difficulties are commonly 
encountered during CT-guided transthoracic biopsy of sub-
pleural lesions due to their proximity to the ribs and pleura. 
While most of the previous studies reported that the risk of 
pneumothorax increased with an increase in the depth of the 
lesion (distance from the pleura), two studies pointed out that 
subpleural lesions 0.1−2.0 cm in depth exhibited the highest 
risk of developing pneumothorax after a core-needle biopsy.4,12 
Using a longer transpulmonary needle path in a CT-guided 
biopsy of subpleural lesions is also associated with a higher fre-
quency of chest tube insertions for pneumothorax and a higher 
rate of bleeding.13,14 For obtaining tissue from the peripheral 
lung, radial endobronchial ultrasound-guided transbronchial 
biopsy is an alternative to CT-guided biopsy. It is associated 
with fewer occurrences of biopsy-associated pneumothorax 
compared with those associated with CT-guided transthoracic 
biopsy.15 However, for lesions <2 cm in size, the diagnostic yield 
of radial endobronchial ultrasound-guided transbronchial biop-
sies is inferior to that of CT-guided transthoracic biopsies16 due 
to the difficulty experienced in placing the ultrasound probe at 
the center of a small lesion.

The present study aimed to identify the risk factors for pneu-
mothorax and pulmonary hemorrhage after CT-guided tran-
sthoracic biopsies of subpleural lesions 0.1−2.0 cm in depth.

2. METHODS

2.1. Study population
This retrospective study was approved by the local institutional 
review board and the requirement for informed consent was 
waived. Data regarding patients who underwent CT-guided 
lung biopsy between March 2017 and November 2017 were 
retrieved from the radiology information system. Mediastinal 
lesions, lesions directly contacting the pleura, or lesions >2 cm 
away from the pleura were excluded from the analyses. Lesions 

that had undergone previous CT-guided biopsy, bronchoscopy-
guided, or ultrasound-guided thoracic intervention within 1 
month were also excluded.

2.2. Biopsy technique
Informed consent for undergoing CT-guided biopsy was 
obtained from all patients. All procedures were performed by 
or under the supervision of one of eight attending radiolo-
gists with 6–24 years of experience in image-guided biopsy. 
A 19-gauge coaxial introducer and a 20-gauge cutting needle 
system with a cutting throw length of 10 mm or 20 mm were 
used for all biopsies. The positioning of the patients (prone, 
supine, oblique, or in a lateral decubitus position) was decided 
by the supervising radiologist according to the lesion location. 
The biopsy needle system was inserted under CT guidance. 
Multiple coaxial biopsies were routinely performed for each 
target lesion by slightly tilting the needle system in multiple 
directions, with an average of seven specimens per lesion. There 
were no on-site cytologists during the biopsy procedure. The 
specimens were sent for histopathological analyses, imprint 
cytology, and microbial culture. Imprint cytology specimens 
were prepared by lightly pressing the tissue on glass slides. The 
coaxial needle system was withdrawn after adequate specimen 
retrieval. Whole-lung CT scans with a slice thickness of 5 mm 
were subsequently obtained to screen for biopsy-associated 
complications such as pneumothorax, hemothorax, and pul-
monary hemorrhage.

2.3. Image analysis
CT images were retrospectively reviewed and various lesion-
related or procedure-related factors were determined or meas-
ured on the images using electronic calipers in the lung window 
setting (window level, 650 Hounsfield units [HU]; window 
width, 1600 HU) of a DICOM viewer software (SmartIris, 
SYSPOWER, Taipei, Taiwan). The measurement scheme is 
depicted in Fig.  1. Lesion-related factors included lesion size, 
morphology, depth (pleura-lesion distance), and location in the 
upper or lower lobe. Procedure-related factors included lung 

Fig. 1  Illustration of manually measured parameters on an axial computed tomography scan. The needle-pleura angle (α), needle-path length (L), pleura-lesion 
distance (d), and lesion size are specified in the figure.
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attenuation along the needle path (measured in HU), length of 
the needle path across the aerated parenchyma, needle-pleura 
angle, patient position, duration of the procedure, and the num-
ber of specimens.

Pneumothorax and pulmonary hemorrhage were the pri-
mary outcomes and both were evaluated on an axial CT scan 
immediately after the biopsy (Fig. 2). The size of pneumotho-
rax was defined as the vertical distance between the chest wall 
or the hemidiaphragm and the lung surface. According to this 
definition, cases with significant pneumothorax in the lung base 
(significant vertical distance between the lung surface and the 
hemidiaphragm) were also considered to avoid classifying them 
under the category of minimal pneumothorax. This resulted in 
more accurate classification of the size of the pneumothorax. 
Pulmonary hemorrhage was defined as newly identified ground-
glass opacities, centrilobular nodules, or consolidation around 
the target lesion or along the needle track after the biopsy. The 
size of the pulmonary hemorrhage was measured along its short-
axis diameter.

As pneumothorax <1 cm rarely requires further manage-
ment,17 biopsy-related pneumothorax was classified dichoto-
mously as pneumothorax ≥1 cm and pneumothorax <1 cm. 
Since previous studies have classified pulmonary hemorrhage 
>2 cm as high-grade hemorrhage,11 biopsy-related hemorrhage 
was classified dichotomously as presence or absence of pulmo-
nary hemorrhage ≥2 cm. The timing of the pulmonary hemor-
rhage relative to the pneumothorax was also classified into two 

categories: (1) no pulmonary hemorrhage or hemorrhage pre-
senting after the pneumothorax and (2) presence of pulmonary 
hemorrhage simultaneously with or before the pneumothorax. 
The lesion size was classified as ≤3 cm or >3 cm.

2.4. Statistical analysis
All statistical analyses were performed using the R software 
(version 3.6.0; R Foundation for Statistical Computing, Vienna, 
Austria). Comparisons of patient-related, lesion-related, and 
procedure-related factors were performed between the pneu-
mothorax outcome groups and between the pulmonary hemor-
rhage outcome groups. Lung attenuation along the needle path 
was classified as low when the HU value for attenuation along 
the needle path was in the lowest quintile. In the univariate 
analysis, an independent t-test and chi-squared test were used 
to compare the continuous and categorical variables, respec-
tively. Variables with a p value <0.10 in the univariate analysis 
were included in the multivariate analysis for the prediction of 
biopsy-related pneumothorax ≥1 cm or pulmonary hemorrhage 
≥2 cm using binary logistic regression. Statistical significance 
was set at p < 0.05.

3. RESULTS
According to the inclusion criteria, 196 patients with 196 sub-
pleural lesions (depth: 0.1–2.0 cm) who underwent CT-guided 
core-needle biopsy were included (Fig. 3).

Fig. 2  Noncontrast axial lung computed tomography scan immediately after biopsy in two different patients. A, B, The lesion is in the left upper lung, denoted 
by an asterisk before (A) and after (B) the biopsy. After the biopsy, the presence of gas between the chest wall (B, black arrowhead) and lung surface (B, white 
arrowhead) indicates pneumothorax. C, In another patient, the lesion (arrow) is well-defined, without any ground-glass opacities surrounding the lesion before 
the biopsy. D, After the biopsy, the new ill-defined centrilobular nodules with ground-glass opacities along the needle tract (arrowhead) indicate pulmonary 
hemorrhage.
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The characteristics of patients, lesions, and biopsy proce-
dures are presented in Table 1. The study population included 
56 (28.6%) previous or current smokers. The mean age was 67 
years. Men constituted 48% of the study population. The aver-
age size of the target lung nodule was 2.52 ± 1.41 cm, with a 
mean distance of 0.90 ± 0.45 cm from the pleura. The average 
attenuation along the needle path was −756 ± 107 HU. The low-
est quintile of attenuation in the lung parenchyma traversed by 
the needle path was −838 HU. Attenuation of the lung paren-
chyma ≤ −838 HU along the needle path was classified as low 
attenuation according to the defined method.

Pneumothorax occurred in 110 (56.1%) patients and the mean 
size of the pneumothorax was 0.49 cm. Among these patients, 
35 (17.9%) had pneumothorax ≥1 cm. Pulmonary hemorrhage 
occurred in 144 (73.5%) patients and the mean size of the hem-
orrhage was 1.04 cm. Among these, 32 (16.3%) had pulmonary 
hemorrhage ≥2 cm. All cases of pneumothorax and pulmonary 
hemorrhage were self-limiting. None of the patients required 
transfusion, drainage catheter insertion, or angiographic or 
operative procedures. No biopsy-associated hemothorax was 
observed in our study population. Pathologically, the 196 sub-
pleural lesions included 128 (65.3%) cases of non-small cell car-
cinomas, 25 (12.8%) of other lung malignancies or metastatic 
tumors, 30 (15.3%) of inflammation or infection, and 10 (5.1%) 
of other nonmalignant diagnoses or benign lung parenchyma. 
Two specimens showing fragments of alveolar parenchyma or 
fibrous tissue under the microscope were deemed inadequate by 
the pathologist, although they were retrieved with six and three 
pieces of gray soft tissue, respectively. One lesion’s specimen 
could not be acquired due to technical failure. The lesion was 
in the right lower lobe and inaccessible despite a 1-hour trial 
including different types of breath-holding techniques.

In the univariate analysis (Table 2), the incidence of pneumo-
thorax ≥1 cm was higher among previous or current smokers 
when compared with nonsmokers (32.1% vs 12.1%, p = 0.001), 
among lung lesions ≥3 cm when compared with smaller lesions 
(28.6% vs 13.6%, p = 0.013), among nonground-glass lesions 
when compared with ground-glass lesions (20.9% vs 7.0%,  
p = 0.035), among cases with low attenuation of the lung paren-
chyma along the needle path when compared with cases with 
high attenuation (35.0% vs 13.5%, p = 0.002), and among cases 

without pulmonary hemorrhage or hemorrhage after pneumo-
thorax when compared with cases having hemorrhage simulta-
neously or before pneumothorax (35.0% vs 6.0%, p < 0.001).

In the univariate analysis (Table 3), the incidence of pulmo-
nary hemorrhage ≥2 cm was higher among ground-glass lesions 
when compared with nonground-glass lesions (30.2% vs 12.4%, 
p = 0.005) and among cases with needle-pleura angle <50° when 
compared with those having higher needle-pleura angles (30.8% 
vs 11.1%, p = 0.001). The incidence of pulmonary hemorrhage 
≥2 cm was higher among lesions <3 cm in size when compared 
with those ≥3 cm in size, although the difference was not statisti-
cally significant (19.3% vs 8.9%, p = 0.076).

Multivariate analysis for the prediction of pneumothorax 
≥1 cm after CT-guided biopsy was performed by including the 
factors with p values <0.10 in the univariate analysis. In the 
multivariate analysis, previous or current smoking (odds ratio 
[OR], 4.859; 95% confidence interval [CI], 1.341−17.598;  
p = 0.016), higher age (per year increase) (OR, 1.061; 95% CI, 
1.014−1.110; p = 0.010), low attenuation of the lung parenchyma 

Fig. 3  Flow chart representing the study population. Cumulatively, 196 
subpleural lesions in 196 patients were included in the study.

Table 1

Characteristics of the 196 procedures

Factors Value

Patient-related factors
  Age, y 67 ± 12
  Gender
    Male 94 (48.0)
    Female 102 (52.0)
  Smoking status
    Nonsmokers 140 (71.4)
    Previous or current smokers 56 (28.6)
Lesion-related factors
  Lesion size, cm 2.52 ± 1.41
  Lesion morphology 
    Ground-glassa 43 (21.9)
    Solidb 137 (69.9)
    Consolidationc 16 (8.2)
  Pleura-lesion distance, cm 0.90 ± 0.45
  Lesion locationd  
    Upper lung 123 (62.8)
    Lower lung 73 (37.2)
Procedure-related factors
  Lung attenuation along needle path, HU −756 ± 107
  Needle-path length, cm 1.85 ± 0.96
  Needle-pleura angle, °
    <50 52 (26.5)
    50–69 59 (30.1)
    70–90 85 (43.4)
  Patient position
    Supine 81 (41.3)
    Prone 89 (45.4)
    Oblique or lateral decubitus 26 (13.3)
  Procedural duration, min 49 ± 15
  Specimen number 7 ± 2

The continuous variables are presented as mean ± standard deviation. Except where indicated 
otherwise, data represent the number (%) of patients and apply to categorical variables.
aDefined as subsolid nodule or opacity including pure ground-glass nodule or opacity, which did not 
completely obscure the pulmonary vasculature in the background parenchyma.
bLesion with homogeneous attenuation, non-ground-glass opacity, and well-defined margin.
cLesion with heterogeneous attenuation, non-rounded or nodular shape, with or without air-
bronchogram, or with appearance resembling lobar pneumonia or organizing pneumonia, and did 
not fall into the definition of solid lesion and ground-glass lesion.
dThe location of the lesion was categorized into upper lung and lower lung. The upper lung included 
lesions in bilateral upper lobes and right middle lobe, and the lower lung included lesions in bilateral 
lower lobes.
HU = Hounsfield unit
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Table 2

Characteristics of the 196 procedures, stratified by the 
presence or absence of pneumothorax ≥1 cm on the computed 
tomography scan immediately after core-needle biopsy

 Pneumothorax ≥ 1 cm

 No (n = 161) Yes (n = 35) p

Patient-related factors
  Age, y 66 ± 12 74 ± 11 <0.001
  Gender   0.052
    Male 72 (76.6) 22 (23.4)  
    Female 89 (87.3) 13 (12.7)  
  Smoking status   0.001
    Nonsmokers 123 (87.9) 17 (12.1)  
    Previous or current smokers 38 (67.9) 18 (32.1)  
Lesion-related factors
  Lesion size ≥3 cm   0.013
    <3 cm 121 (86.4) 19 (13.6)  
    ≥3 cm 40 (71.4) 16 (28.6)  
  Lesion morphology   0.035
    Nonground-glass lesion 121 (79.1) 32 (20.9)  
    Ground-glass lesion 40 (93.0) 3 (7.0)  
  Pleura-lesion distance, cm 0.88 ± 0.44 1.02 ± 0.46 0.091
  Lesion locationa   0.689
    Upper lung 100 (81.3) 23 (18.7)  
    Lower lung 61 (83.6) 12 (16.4)  
Procedure-related factors
  Low attenuation lung along  

    needle pathb

  0.002

    No 135 (86.5) 21 (13.5)  
    Yes 26 (65.0) 14 (35.0)  
  Needle-path length, cm 1.77 ± 0.94 2.20 ± 1.00 0.016
  Needle-pleura angle   0.165
    <50° 46 (88.5) 6 (11.5)  
    ≥50° 115 (79.9) 29 (20.1)  
  Patient position   0.368
    Supine 69 (85.2) 12 (14.8)  
    Prone 73 (82.0) 16 (18.0)  
    Oblique/lateral 19 (73.1) 7 (26.9)  
  Procedural duration, min 49 ± 15 49 ± 16 0.975
  Specimen number 7 ± 2 7 ± 2 0.520
  Presence of pulmonary  

    hemorrhage
  0.001

    No 35 (67.3) 17 (32.7)  
    Yes 126 (87.5) 18 (12.5)  
  Timing of pulmonary 

hemorrhage
  <0.001

    No or after pneumothorax 52 (65.0) 28 (35.0)  
    Simultaneous or before  

    pneumothorax
109 (94.0) 7 (6.0)  

The continuous variables are presented as mean ± standard deviation. Except where indicated 
otherwise, data represent the number (%) of patients and apply to categorical variables.
aThe location of the lesion was categorized into upper lung and lower lung. The upper lung included 
lesions in bilateral upper lobes and right middle lobe, and the lower lung included lesions in bilateral 
lower lobes.
bLung attenuation along needle path being −838 Hounsfield unit or less.

along the needle path (OR, 3.080; 95% CI, 1.038−9.139; p = 
0.043), and greater length of the needle path (OR, 1.976; 95% 
CI, 1.113−3.506; p = 0.020) were significant predictors of pneu-
mothorax ≥1 cm after a CT-guided core-needle biopsy (Table 4). 
In the multivariate analysis for the prediction of pulmonary 
hemorrhage ≥2 cm (Table 5), ground-glass lesions (OR, 2.360; 
95% CI, 1.009–5.521; p = 0.048) were significant predictors 
of pulmonary hemorrhage ≥2 cm after a CT-guided core-nee-
dle biopsy. A higher needle-pleura angle was associated with a 

lower rate of pulmonary hemorrhage ≥2 cm (OR, 0.325; 95% 
CI, 0.145−0.728; p = 0.006).

4. DISCUSSION
To our knowledge, the present study is the first to assess the risk 
factors for pneumothorax and pulmonary hemorrhage follow-
ing CT-guided core-needle biopsies of subpleural lesions 0.1–
2.0 cm in depth. We observed that previous or current smoking, 
higher age, low attenuation of the lung parenchyma along the 
needle path, and greater length of the needle path were sig-
nificant predictors of biopsy-associated pneumothorax ≥1 cm. 
Ground-glass lesions predicted pulmonary hemorrhage ≥2 cm 
and a higher needle-pleura angle was associated with a lower 
incidence of pulmonary hemorrhage ≥2 cm.

Table 3

Characteristics of the 196 procedures, stratified by the 
presence or absence of pulmonary hemorrhage ≥2 cm in the 
short axis on the computed tomography scan immediately after 
core-needle biopsy

 Pulmonary hemorrhage ≥2 cm

 No (n = 164) Yes (n = 32) p

Patient-related factors
  Smoking status   0.625
    Nonsmokers 116 (82.9) 24 (17.1)  
    Previous or current  

    smokers
48 (85.7) 8 (14.3)  

  Age, y 68 ± 12 65 ± 11 0.281
  Gender   0.893
    Male 79 (84.0) 15 (16.0)  
    Female 85 (83.3) 17 (16.7)  
Lesion-related factors
  Lesion size ≥3 cm   0.076
    <3 cm 113 (80.7) 27 (19.3)  
    ≥3 cm 51 (91.1) 5 (8.9)  
  Lesion morphology   0.005
    Nonground-glass lesion 134 (87.6) 19 (12.4)  
    Ground-glass lesion 30 (69.8) 13 (30.2)  
  Pleura-lesion distance, cm 0.92 ± 0.45 0.80 ± 0.42 0.154
  Lesion locationa   0.714
    Upper lung 102 (82.9) 21 (17.1)  
    Lower lung 62 (84.9) 11 (15.1)  
Procedure-related factors
  Low attenuation lung along  

    needle pathb

  0.799

    No 130 (83.3) 26 (16.7)  
    Yes 34 (85.0) 6 (15.0)  
  Needle-path length, cm 1.81 ± 0.94 2.02 ± 1.06 0.272
  Needle-pleura angle   0.001
    <50° 36 (69.2) 16 (30.8)  
    ≥50° 128 (88.9) 16 (11.1)  
  Patient position   0.460
    Supine 67 (82.7) 14 (17.3)  
    Prone 77 (86.5) 12 (13.5)  
    Oblique/lateral 20 (76.9) 6 (23.1)  
  Procedural duration, min 49 ± 15 47 ± 16 0.393
  Specimen number 7 ± 2 7 ± 2 0.299

The continuous variables are presented as mean ± SD. Except where indicated otherwise, data are 
represented as the number (%) of patients and apply to categorical variables.
aThe location of the lesion was categorized into upper lung and lower lung. The upper lung included 
lesions in bilateral upper lobes and right middle lobe, and the lower lung included lesions in bilateral 
lower lobes.
bLung attenuation along needle path being −838 Hounsfield unit or less.
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A needle-pleura angle >50° was associated with a lower inci-
dence of pulmonary hemorrhage ≥2 cm. We speculated that this 
was because a larger angle could result in needle direction more 
parallel to the pulmonary vessel, thereby decreasing the rate of 
vascular puncture. A previous study showed that the needle-
pleura angle was not associated with a higher grade of hemor-
rhage.11 However, the classification of the angulation group in 
the aforementioned study was dichotomous (90° or <90°). We 
speculate that the use of a dichotomous classification for the pre-
diction of hemorrhage should be based on a value other than 90°.  
The present study showed that a needle-pleura angle <50° was 
associated with a greater incidence of pulmonary hemorrhage 
≥2 cm. In the present study, a post hoc receiver operating charac-
teristic curve analysis for the needle-pleura angle and pulmonary 
hemorrhage ≥2 cm yielded a cutoff value of 63.6° for predicting 
high-grade pulmonary hemorrhage.

We observed that a lower needle-pleura angle exhibited weak 
to moderate correlation with longer needle path (r = −0.330, p < 
0.001) and the size of pulmonary hemorrhage in the short axis 
(r = −0.296, p < 0.001). However, longer needle path was a well-
known risk factor for pneumothorax and a statistically signifi-
cant predictor of pneumothorax ≥1 cm in the present study (OR, 
1.976; 95% CI, 1.113−3.506; p = 0.020). The negative linear 
correlation between the needle-pleura angle and the length of 
the needle path in the present study may be due to the subpleural 

location of the lesions where a biopsy route with a longer needle 
path inevitably results in a smaller needle-pleura angle. A smaller 
needle-pleura angle simultaneously correlated with one risk fac-
tor (longer needle path) and one protective factor (pulmonary 
hemorrhage) for pneumothorax in the present study. This may 
explain its inability to significantly predict biopsy-associated 
pneumothorax, as previously reported in the literature.

In 2014, Wang et al18 reported a higher rate of pneumotho-
rax in patients with emphysema and in active or former smok-
ers. The present study showed that previous or current smokers 
exhibited a higher incidence of pneumothorax ≥1 cm (32.1% 
vs 12.1%, p = 0.001) when compared with nonsmokers, which 
is consistent with the results reported by Wang et al. However, 
previous or current smokers in the present study did not always 
develop subpleural emphysema (defined as <−960 HU19). The 
proportion of low attenuation of the lung parenchyma along the 
needle path in the present study was not significantly different 
between nonsmokers and previous or current smokers (19.3% 
vs 23.2%, p = 0.538). This finding is consistent with the hetero-
geneous nature and severity of smoking-induced emphysema, a 
disease entity that remains poorly understood.20 These charac-
teristics of smoking-induced emphysema may support the find-
ing of the present study that the local factor of low attenuation 
along the needle path could serve as an independent risk factor 
for pneumothorax ≥1 cm.

The present study found that older age was a significant pre-
dictor of pneumothorax ≥1 cm (annual increase in age: OR, 
1.061; 95% CI, 1.014−1.110; p = 0.010). Aging is an important 
cause of emphysema and enlarged alveolar air spaces without 
alveolar wall destruction were observed in asymptomatic non-
smoking elderly individuals, also known as the senile lung21,22 
and is a risk factor for pneumothorax.

Previous literature has suggested that needle-tract bleeding 
serves as a protective factor against pneumothorax.2,23 Although 
our results were consistent with this finding, our approach 
explored the relationship between pneumothorax and pulmonary 
hemorrhage by considering the timing of pulmonary hemorrhage 
relative to pneumothorax. To our knowledge, this factor has not 
been discussed in previous literature. The findings related to our 
approach might support the speculation that the presence of pul-
monary hemorrhage concomitant with pneumothorax or before 
pneumothorax may have a greater effect on sealing the needle 
tract, thereby leading to a lower amount of air leak and providing 
a solid support for the proposed preventive effect of pulmonary 
hemorrhage against the development of pneumothorax.

A high-diagnostic rate was noted in the present study 
wherein only three out of 196 lesions (1.5%) were associated 
with inadequate specimens or technical failure. Hiraki et al24 
studied CT fluoroscopy-guided biopsies in 1000 pulmonary 
lesions and reported that the rate of nondiagnostic results 
was 0.6% (n = 6). Choi et al25 studied CT-guided core-needle 
biopsies in 153 lesions and reported that the rate of nondi-
agnostic results was 4.5%. Poulou et al26 studied CT-guided 
core-needle biopsies in 245 pulmonary lesions and reported 
that the rate of nondiagnostic results was 6.1%. The rate of 
nondiagnostic results in the present study was comparable to 
that in previous research investigating the diagnostic value of 
CT-guided biopsy for general location of lesions without spe-
cific analysis of subpleural locations. Thus, our results suggest 
that CT-guided biopsy has a good diagnostic value for sub-
pleural lesions.

The present study has several limitations. Selection bias 
was inevitable due to the retrospective and single-center study 
design. Pneumothorax was associated with multiple variables, 
leading to the presence of confounding factors. Nevertheless, a 
multivariate analysis was performed to minimize the confound-
ing effects. Variations may occur in the manual measurements of 

Table 4

Multivariate analysis using a binary logistic regression for 
the prediction of pneumothorax ≥1 cm on the computed 
tomography scan immediately after core-needle biopsy

 

Pneumothorax ≥1 cm

OR (95% CI) p

Smoking status  0.016
  Nonsmokers 1 (reference)  
  Previous or current smokers 4.859 (1.341−17.598)  
Age, y 1.061 (1.014−1.110) 0.010
Female gender 1.243 (0.337−4.580) 0.744
Lesion size ≥3 cm 0.999 (0.369−2.710) 0.999
Lesion morphology  0.922
  Nonground-glass lesion 1 (reference)  
  Ground-glass lesion 0.927 (0.201−4.273)  
Pleura-lesion distance, cm 1.321 (0.427−4.085) 0.629
Low attenuation lung along needle patha 3.080 (1.038−9.139) 0.043
Needle-path length, cm 1.976 (1.113−3.506) 0.020
Timing of pulmonary hemorrhage  <0.001
  No or after pneumothorax 1 (reference)  
  Simultaneous or before pneumothorax 0.047 (0.013−0.169)  

CI = confidence interval; OR = odds radio.
aLung attenuation along needle path being −838 Hounsfield unit or less.

Table 5

Multivariate analysis using a binary logistic regression for the 
prediction of pulmonary hemorrhage ≥2 cm on the computed 
tomography scan immediately after core-needle biopsy

 

Pulmonary hemorrhage ≥2 cm

OR (95% CI) p

Lesion size ≥3 cm 0.535 (0.187−1.530) 0.243
Lesion morphology  0.048
  Nonground-glass lesion 1 (reference)  
  Ground-glass lesion 2.360 (1.009−5.521)  
Needle-pleura angle >50° 0.325 (0.145−0.728) 0.006

CI = confidence interval; OR = odds radio.
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the needle-pleura angle. Most of the literature, including the pre-
sent study, defines the needle-pleura angle as the angle between 
the biopsy needle path and a tangential line manually drawn at 
the puncture point on the pleura.

In conclusion, when planning a CT-guided core-needle biopsy 
of subpleural lesions ≤2.0 cm in depth, selecting a puncture route 
with a shorter needle path and a higher needle-pleura angle may 
reduce the risk of biopsy-associated pneumothorax and pul-
monary hemorrhage, respectively. Caution should be exercised 
when traversing the lung parenchyma with low attenuation to 
avoid biopsy-associated pneumothorax.
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