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Abstract. Computed tomography (CT)‑guided lung biopsy 
is a well‑established diagnostic method for pulmonary 
lesions. However, the use of this technique often results in 
pneumothorax development. The aim of the present study 
was to evaluate the association between biopsy needle angle 
and pneumothorax development associated with computed 
tomography‑guided lung biopsy. We retrospectively analyzed 
the results of CT‑guided lung biopsies for 325 cases to investi
gate physical risk factors for pneumothorax development. 
Biopsy needle angle and patient positioning were included in 
the analysis. Pneumothorax occurred in 160 of 325 procedures 
(49.2%). Discontinuation of the procedure as a result of pneu-
mothorax occurred in 18 of 160 procedures (11.2%). Upper 
lung lobe pneumothorax occurred in 40.8% (58/142), middle 
lobe in 17.6% (25/142), and lower lobe pneumothorax occurred 
in 41.5% (59/142) of these procedures. Discontinuation of the 
procedure occurred in 2.5% of the upper lobe (4/160), 0.6% of 
the middle lobe (1/160), and 8.1% of the lower lobe (13/160) 
biopsies. Mild pneumothorax occurred in 59.4% (95/160), 
moderate in 25.0% (40/160), and severe in 7.5% (12/160) of the 
affected cases, and biopsy was discontinued in 11.2% (18/160) 
of the affected cases. When the needle angle was <90 ,̊ 40.3% 
(131/325) of the patients experienced no pneumothorax 
development, 40.0% (130/325) developed pneumothorax, 
and 4.3% (14/325) of the procedures were discontinued. The 
results showed that use of CT‑guided lung biopsy can reduce 
the rate of pneumothorax development that occurs when other 
procedures are used. The access route is simple and easy to 
puncture, and proper use of breath holding reduces diaphrag-
matic movement.

Introduction

Multidetector computed tomography (MDCT)  (1‑4) 
and f luorodeoxyglucose‑positron emission tomography 
(FDG‑PET) (5,6) are used to detect and diagnose pulmonary 
lesions. Early detection improves prognosis, but the pulmo-
nary lesion detection rates are approximately 20% (1‑4) and 
<3% (5,6) for these two methods, respectively. CT‑guided 
lung biopsy is a well‑established method for pulmonary 
lesion diagnosis (7‑9). The diagnostic accuracy of this method 
ranges from 64 to 97% (10‑14). The most common complica-
tion associated with CT‑guided lung biopsy is pneumothorax 
development, and the rate of this complication varies widely 
(i.e., 8‑69%)  (10‑16). Various investigators  have analyzed 
factors thought to affect the diagnostic accuracies and compli-
cation rates for CT‑guided lung biopsy (10‑20). Risk factors for 
the development of pulmonary lung biopsy‑associated pneu-
mothorax include age, smoking history, lesion volume, lesion 
position, depth from the pleura to the tumor, biopsy needle 
angle, and needle thickness (10‑20). Operator experience is 
also a risk factor (17). If the patient develops CT‑guided lung 
biopsy‑associated pneumothorax, it is difficult to correct the 
condition using deaeration (21) or drainage (13). It is, therefore, 
necessary to decrease the rate of biopsy‑associated pneumo-
thorax.

The aim of the present study was to evaluate risk factors, 
including biopsy needle angle, for CT‑guided lung biopsy‑asso-
ciated pneumothorax development. We used a retrospective 
analysis of a large series of patients with pulmonary lesions 
who underwent this procedure.

Patients and methods

Patients. We retrospectively analyzed 325  patients who 
underwent CT‑guided lung biopsy between April 1, 2010 and 
September 30, 2015 at the Institute of Biomedical Research 
and Innovation (Kobe, Japan). All the patients were scanned 
using CT (Bright Speed; GE Healthcare UK Ltd, Little 
Chalfont, Buckinghamshire, UK). CT image thickness was 
2.5 mm. Examinations were performed based strictly on clin-
ical indications alone. Informed consent was obtained from 
each patient before the procedure was performed. The biopsies 
were performed by experienced physicians. This retrospective 
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study was approved by the ethics committee of the Institute 
of Biomedical Research and Innovation (Kobe, Japan).

Procedures. Each patient underwent a percutaneous lung 
biopsy using conventional CT scan guidance with a co‑axial 
image. Each patient was placed in the prone or spine posi-
tion during the procedure. Before the scan was initiated, the 
patient practiced breath holding at deep expiration and deep 
inspiration.

The CT scan was used to accurately locate the lesion and 
determine the shortest route for the biopsy. The CT scan range 
included the typical pulmonary lesion size (i.e., 30‑40 mm). 
The protocol specified the use of effective 110‑150 mA at 
120 kV, a 0.5‑sec rotation time, a collimation (beam width) 
of 12 mm, a 14.4‑mm x‑ray beam width, and a 2.5‑mm slice 
thickness. The lung function reconfiguration function was 
used and the field of view (FOV) was 22 cm.

The biopsies were performed using a needle system 
with a 19‑gauge introducer needle (Co‑Axial Introducer 
Needle, Angiotech, Gainesville, FL, USA) and a 22‑gauge 
needle for fine needle aspiration (HAKKO Sonoguide PTC, 
needle type‑B, Hakko‑Medical, Chikuma, Japan). A 20‑gauge 
automated cutting biopsy needle with 15‑ or 25‑mm notches 
was used for the core needle biopsy (Bard Magnum, Medicon, 
Osaka, Japan).

The CT‑guided lung biopsy examination was performed 
using a standard procedure. First, CT images of the lesion 
position in the right or left lung were obtained. The CT 
landmark was the center of the lesion. A radiopaque grid was 
placed on the patient's skin in position over the lesion, and the 
skin puncture point and the lesion center were determined 
using images that included this grid. The puncture point was 
determined after the operator measured the skin surface to 
pleura distance, the needle path distance, and the needle angle 
(Fig. 2A). The skin incision was made after 10 ml 1% xylocaine 
was administered subcutaneously as a local anesthetic. The 
initial puncture was stopped at the pleura surface and did 
not puncture the pleura (Fig. 2B). CT images were obtained, 
and the puncture point was determined after the needle tip to 
lesion distance, the needle path distance, and the needle angle 
were measured (with punctured pleura, Fig. 2C). When skin to 
lesion distance was long, the operator made the puncture along 

the access route until the lesion was encountered. If the needle 
angle was incorrect, the operator changed it to an appropriate 
angle (with punctured lesion, Fig. 2D). Specimens obtained 
were immediately immersed in 10% buffered formalin 
solution. A chest CT scan of the lung apices to the diaphragm 
was routinely performed at the end of the procedure to detect 
the presence of pneumothorax or intrapulmonary hemorrhage.

Measurement yield. The angle between the pleura and needle, 
and the maximum diameters between the pleura and needle 
tip on the lung window were measured (window wide, 1700; 
window level, ‑600). Fig. 3 shows the results for the needle angle, 
which was measured from the operator's position (performed 
during sessions 5 or 6). Lesions abutting the pleural surface 
were excluded from the analysis. Patients with and without 
pneumothorax were separated into two groups. Level 1 pneu-
mothorax occurred at the cranial lung apex at the clavicle level. 
Level 2 was between levels 1 and 3. Level 3 pneumothorax was 
a complete or near complete collapse of the lung.

Statistical analysis. The independent risk factors for pneumo-
thorax were determined using multivariate logistic regression 
analysis. Data on multiple variables related to the patient, 
lesion, and procedure were collected for statistical analysis. 
Linear two‑sided t‑tests or χ2‑tests were performed for the 
between‑variable analyses. P<0.05 was considered to indicate 
a statistically significant result.

Results

Patient characteristics, and multivariate and univariate 
analyses. We retrospectively analyzed the data from 325 
consecutive patients who underwent CT‑guided lung biopsies 
from April 1, 2010 to September 30, 2015. The CT dose index 
(CTDIw) (22) was 0.49±0.14 mGy (range, 0.28‑1.19 mGy). 
Table I presents the results for patient demographic character-
istics and the results of further multivariate analyses. Table II 
presents the results of univariate analyses used to investigate 
associations between risk factors and pneumothorax devel-
opment. Biopsy‑related pneumothorax occurred in 49.2% 
(160/325) of the procedures. A total of 5.5% (18/325) of the 
procedures were discontinued as a result of the development 

Figure 1. Patient position for CT‑guided lung biopsy. CT scanner room. The operator stood at the left side of the scanner. The patient had a pulmonary lesion 
side. (A) Supine position headfirst, pulmonary lesion was front side of the right lung; feet first, pulmonary lesion was front side of the left lung. (B) Prone 
position headfirst, pulmonary lesion was back side of the left lung; feet first, pulmonary lesion was back side of the right lung; a, pillow; b, band for fixation; 
c, hard cushion where the head was higher than the feet.
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of pneumothorax. Fig. 4 presents the results of univariate 
analyses used to investigate the relationships between lung 
lobe and pneumothorax development; 40.8% occurred in the 
upper (58/142), 17.6% in the middle (25/142), and 41.5% in the 
lower (59/142) lung lobes.

The angle of biopsy needle and pleura. Table II presents the 
results for the relationship between needle angle and the pleura, 

and pneumothorax development. Of those procedures in session 
5, 73.2±22.1 had no pneumothorax and 70.5±23.9% experienced 
pneumothorax (P=0.5195); 70.2±21.4 were discontinued because 
pneumothorax developed (P=0.6841). Of those procedures in 
session 6, 72.6±22.7% had no pneumothorax and 71.0±22.9% 
had pneumothorax (P=0.5411), while 72.4±18.9% were discon-
tinued because pneumothorax developed (P=0.9839).

When the needle angle was <90 ,̊ 40.3% (131/325) of 
the procedures were performed without the development 

Figure 3. The angle of the needle. The angle measured a pulmonary surface 
using the simple tangent line method on a CT image. Point A was the point 
where the needle crossed with the pulmonary surface. Point B was 10 mm 
into the pulmonary surface from point A. Line, a, was between point A and 
point B. Line, b, was straight through line, a, through point B. Line, b, was at 
a right angle to line, a. Point C was 10 mm from point B on the pulmonary 
surface. Line, c, was the line that linked point C to point A. The needle angle 
(θ) was measured (˚) between the needle and the pulmonary surface.

Figure 2. Conventional CT‑guided biopsy method. (A) The center of the lesion was positioned at the CT landmark using a radiopaque grid placed on the 
patient's skin. (B) The initial puncture was stopped when the surface of the pleura was reached. Biopsies were performed to avoid ribs, bullae, vessels, and 
fissures. (C) If the lesion was on the extended course of the needle track, the biopsy procedure was continued. If the nodule was not on the extended course of 
the needle track, the course or puncture site was changed. (D) Specimens obtained were immediately immersed in 10% buffered formalin solution.

Table I. Patient and biopsy characteristics.

Patient 	 Values

Age (years)	 69.3±11.1
Sex, no. 	
  Male	 180 (55)
  Female	 145 (45)
Biopsy needle angle; degree	
  Session 5	 70.9±24.0
  Session 6	 71.8±22.8
  From session 5 to session 6	 5.1±8.1
Lobe, no.	
  Upper	 133 (40.9)
  Middle	 48 (14.7)
  Lower	 144 (44.3)

All values are presented as the mean ± SD or No. (%). SD, standard 
deviation.
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of pneumothorax and 40.0% (130/325) with the development 
of pneumothorax. A total of 4.3% (14/325) of the procedures 
were discontinued as a result of pneumothorax development. 
Fig. 5 shows the results of the univariate analyses to determine 
the relationship between needle angle and pneumothorax 
development. Of those, 23.1% of the procedures were in 
session 5 (37/160), 27.5% were in session 6 (44/160), 36.9% 
were post CT (59/160), and 12.5% were X‑P (20/160). Fig. 6 
presents the results of the univariate analyses to summarize 
pneumothorax severity and discontinuation of the procedure; 
59.4% of the patients had mild (95/160), 25.0% had moderate 
(40/160), and 7.5% had severe (12/160) pneumothorax. A total 
of 11.2% (18/160) of the procedures were discontinued.

Table II. Results of univariate analyses to determine risk factors for pneumothorax.

	 Without pneumothorax	 With pneumothorax	 Discontinuance		
Factors	 (n=165)	 (n=142)	 (n=18)	 P‑valuea	 P‑valueb

Patient					   
  Age, year	 69.3±9.3	 69.7±11.3	 71.0±7.8	 0.6831	 0.4404
  Sex					   
    Female	 73 (22.4)	 80 (28.0)	 11 (3.4)		
    Male	 92 (28.3)	 62 (21.2)	 7 (2.1)		
Lobe					   
  Upper 	 72 (22.5)	 58 (17.8)	 4 (1.2)		
  Middle or Lingular	 21 (6.5)	 25 (7.7)	 1 (0.3)		
  Lower 	 72 (22.2)	 59 (18.2)	 13 (4.0)		
    Upper‑Middle				    0.2855	 0.8928
    Upper‑Lower				    0.5339	 0.0387
    Middle‑Lower				    0.5264	 0.1827
The angle of needle					   
  Session 5	 73.2±22.1	 70.5±23.9	 70.2±21.4	 0.5195	 0.6841
  Session 6	 72.6±22.7	 71.0±22.9	 72.4±18.9	 0.5411	 0.9839
From session 6 to 5	 4.6±4.49	 6.7±10.3	 3.55±2.80	 0.1817	 0.4584

Values are presented as the mean ± SD or no. (%). aP‑value between without and with pneumothorax. bP‑value between without pneumothorax 
and discontinuance.

Figure 5. Ratios, stage of pneumothorax development.

Figure 6. Ratios, pneumothorax development at a specific level in the thorax. 

Figure 4. Ratios, location of pneumothorax at a specific needle angle.
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Discontinuation of CT lung biopsy. The lung biopsy was 
discontinued in 18 cases; 2.5% (4/160) of these had upper, 0.6% 
(1/160) had middle, and 8.1% (13/160) had lower lung lobe 
pneumothorax. Of those procedures that were discontinued 
because pneumothorax developed 33.3% (6/18) were a level 1, 
50.0% (9/18) were a level 2, and 16.7% (3/18) were a level 3 
pneumothorax. A total of 61.1% (11/18) of the procedures were 
in session 5 and 38.9% (7/18) in session 6.

Discussion

The incidence of pneumothorax was 49.2% (160/325) in this 
study population. CT‑guided lung biopsy becomes more diffi-
cult or may even be discontinued if pneumothorax develops. 
Two important risk factors that affect pneumothorax rate are 
the distance from the pleura to the lesion and the distance from 
the pleura to the needle tip.

Of the biopsies that were discontinued because of pneumo
thorax development, 2.5% was upper lung lobe, 0.6% was 
middle lobe, and 8.1% was lower lobe biopsies. The lower lung 
lobe is, in particular, affected by diaphragmatic movement. 
During the procedure, the patient was instructed to hold 
their breath to suppress diaphragmatic movement. However, 
it is impossible to completely stop diaphragmatic movement; 
breath holding will only reduce it. Increased motion of the 
lower lobe during respiration may cause inaccurate placement 
of the biopsy needle into the lesion. Janssens et al reported 
that females aged >65 years and males aged >75 years have 
age‑related reduced respiratory muscle strength and experi-
ence difficulty maintaining a held breath for extended periods 
of time (21). We hypothesize that the patients affected by 
pneumothorax in this study had a reduced ability to maintain 
breath holding for the required length of time. The patients 
were in a moving gantry during sessions 3, 5, and 6, and may 
not have heard the operator's instructions to hold their breath 
during inspiration or expiration. Hanley et al (23) reported that 
when diaphragmatic movement decreases, it suppresses the 
abdomen, and the patient may have difficulty stopping their 
breath. Wong et al (24) reported that diaphragmatic movement 
decreases are greater if mouth breathing, not nose breathing, is 
used. The incidence of pneumothorax was likely lower in our 
patient population compared with other patient populations 
because we instructed patients to use this technique during the 
procedure.

As the patient was in an unnatural position during CT, the 
patient was instructed to practice breath holding at the end of 
deep inspiration and expiration. We also used CT images to 
confirm that the access route bypassed the ribs and arteries. 
The angle between the biopsy needle and pleura was <90˚ in 
84.6% (275/325) of the procedures. The positioning (supine, 
prone, or oblique) was maintained to increase the ease with 
which the operator could insert the needle. The angle between 
the needle and pleura was <90˚ in the anterior‑posterior and 
right‑left positions. During the biopsy, the operator stood to 
the left side of the CT couch. We tried to acquire the target 
angle by setting a pillow or a towel between the patient and 
the couch (Fig. 1). The angle was typically between 40˚ and 
90˚ (76.6%, 249/325) because the operator used this method 
to secure a puncture access route (e.g., towels were placed 
under the clavicle when the lesion was in the lung apex).

More accurate examination of the access route from the 
skin surface to the lesion may result from careful examina-
tion of the 3‑D image of the relationships between the lung, 
lesion, and bone before the day of the procedure. To reduce 
the incidence of pneumothorax, the positioning of the patient, 
the acquiring route, and the level of experience of the operator 
should be reviewed (17). A hold system (Vac‑Lok Bean Bag: 
MEDTEC, Orange City, IA, USA) is an ideal system for 
patient positioning (25). It has high repeatability and is rela-
tively comfortable for the patient. The patient is also likely 
to be more cooperative during the biopsy if breath holding is 
practiced starting from the day before the procedure.

Our study was limited by the use of retrospective design, 
because unexamined risk factors may have been present that 
were associated with discontinuing the procedure as a result 
of pneumothorax development. Our data also did not include 
information on tumor‑positive rates. However, these results 
contribute to increased understanding regarding the conditions 
that should be present to increase the probability of successful 
CT‑guided lung biopsy.

In conclusion, this study revealed the factors that affect 
the risk of developing pneumothorax and that affect the risk 
that pneumothorax may result in discontinuation of CT‑guided 
lung biopsy (e.g., needle angle, lobe where the lesion is present, 
and patient positioning). The success rate of CT‑guided lung 
biopsy can be improved if the factors that affect pneumothorax 
development are considered. The access route is simple to 
locate, easy to puncture by the operator, and diaphragmatic 
movement can be successfully managed.
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