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ABSTRACT

Background: CT Guided lung biopsy is a common procedure in our department

and pneumothorax is one of its commonest complications. To study the incidence of
pneumothorax after CT guided lung biopsy and the various factors associated with
the risk of developing pneumothorax after biopsy.

Materials and Methods: Our study was a retrospective observational study. We ana-
lyzed 360 cases of lung biopsy performed using 18G Coaxial needle for assessing the
incidence of post- procedure pneumothorax. The risk factors for pneumothorax were
evaluated by univariate analysis, followed by multivariate logistic regression analysis
to know the independent risk factors of pneumothorax.

Results: The incidence of pneumothorax in our study was 41.9% (151/360 cases).

On univariate analysis, we identified the following as risk factors of post-procedure
pneumothorax: the presence of emphysema, smaller lesion size, Greater lesion depth,
Lateral position, multiple passes and acute angulation of needle trajectory. On mul-
tivariate logistic regression analysis these were also revealed to be independent risk
factors of post-procedure pneumothorax.

Conclusion: Independent risk factors of post procedure pneumothorax are the
presence of emphysema, smaller lesion size, greater lesion depth, Lateral position,
multiple passes and acute angulation of needle trajectory. Of these lateral position is
a novel predictor of pneumothorax that has been scarcely mentioned in literature. As
such the radiologist should be prepared for managing pneumothorax in cases with
one or more of these risk factors.
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INTRODUCTION:

EComputed tomography (CT) guided transthoracic
lung biopsy is a routinely performed radiological pro-
cedure. However, like any invasive medical procedure,
it is associated with its own set of risks and complica-
tions. These include pneumothorax, pulmonary hem-
orrhage, hemoptysis, hemothorax, infection and rarely
air embolism and tumor seeding [1, 2]. We as radiolo-
gists need to be prepared for these eventualities, as and
when they occur. Only by being prepared can we guar-
antee the highest level of medical care for our patients.
In order to do this, we need to be aware of the incidence
of these complications, the various risk factors associat-
ed with their development and the best ways to manage
them when they occur.

Of the various complications associated with CT-guided
lung biopsy, pneumothorax is the most common. Many
variables have been studied by different researchers as
possible risk factors for the development of post-biopsy
pneumothorax, often with conflicting results. As such,
the variables statistically correlate with the frequency of
pneumothorax remains controversial. The variables that
are considered to be associated with the development of
post-procedure pneumothorax have been traditionally
divided into three groups: Patient-related variables, le-
sion-related variables and procedure-related variables.
The patient-related risk factors that have been most com-
monly described for pneumothorax are the presence of
chronic obstructive pulmonary disease (COPD), gender
and the lack of a history of ipsilateral surgery. Certain le-
sion characteristics are also considered to predispose pa-
tients to pneumothorax. These include increased depth
of the lesion from the skin or long needle path, small
lesion size and location of the lesion in the lower lobes of
the lungs. Certain procedural factors are also considered
to affect the pneumothorax rate in patients undergoing
transthoracic lung biopsy. The risk of pneumothorax has
been considered to increase with an increased number
of pleural punctures, the larger bore of the needle, less
experience of the operator and wider insertion angle of
the needle—that is, when the needle is inserted less per-
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pendicular to the pleura [2-5]. As such keeping this in
mind we conducted our study to know the incidence of
pneumothorax in our institute and to identify the vari-
ous risk factors associated with its development.

Materials and Methods:

Our study was a retrospective observational study that
included all cases that underwent CT-guided transtho-
racic lung biopsy from October 2018 to June 2020. A to-
tal of 360 cases of CT-guided transthoracic lung biopsy
were included. Ethical clearance was waived off as it was
a retrospective study. No funding from any source was
received.

Biopsy technique

The procedure was performed by an interventional radi-
ologist experienced in CT-guided biopsy after obtaining
informed consent from the patient. All patients under-
went diagnostic CT of the chest with 5-mm-thick contig-
uous axial tomographic sections before the biopsy. The
CT unit used in this study was the Siemens SOMATOM
Sensation Open Multidetector row 32 slice CT scanner.
At the time of biopsy, preliminary helical CT images were
obtained in 5-mm-thick sections through the lesion. Im-
aging parameters during CT image acquisition included
a CT beam width collimated to 1.2 mm, tube voltage of
120-kilovolt peak, current of 30 to 50 mAS, and a scan-
ning speed of 0.5s per rotation (360°). From a review of
these preliminary images, patient position, level of entry
of the needle, and direction of approach for biopsy were
planned to provide the most direct route for biopsy, to
traverse the least amount of aerated lung, and to avoid
bullae and fissures. The positions of patients during bi-
opsy were determined by the size, site, etc. of the lesion.
A coaxial biopsy system was used comprising of 17G co-
axial cannula and an 18 G core biopsy gun respectively.
Both automatic and semi-automatic guns were used.
Intermittent CT images, using the following parameters
CT beam width collimated to 1.2 mm, tube voltage of
120-kilovolt peak, current of 20 mAS, and a scanning
speed of 0.5s per rotation, were acquired during the pro-
cedure to check the course of the needle and confirm its
location in the lesion. After confirming that the needle tip
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had reached the lesion, a specimen was obtained and the
needle is withdrawn if an adequate sample is obtained. If
not, additional passes were made to obtain the adequate
samples. After the biopsy, all patients were placed in the
decubitus position with the biopsy site down.

Data Acquisition and Analysis

Multiple variables related to the patient, lesion, and
procedures were collected to determine the risk factors
for the occurrence of pneumothorax. The patient varia-
bles included: age, gender, the presence of emphysema.
The lesion variables included: size (long-axis diameter),
lobar location (upper/middle or lower lobe) and lesion
depth. The procedure variables included: patient posi-
tioning, the number of passes, and the angle of the nee-
dle trajectory. The cases were divided into two groups
the Pneumothorax group and the no pneumothorax
group depending on the development of post-procedure
pneumothorax for analysis of risk factors. Qualitative
data were analyzed by non-parametric tests like the Chi-
square test and Quantitative data was analyzed by using
tests like the students t-test for univariate analysis. The

Table 1. Univariate Analysis of Risk Factors
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variables that were revealed to be significantly different
by univariate analyses were subjected to multivariate
logistic regression analysis to determine the independ-
ent risk factors for the occurrence of pneumothorax. A
p-value of < 0.05 was considered to be statistically signif-
icant. Statistical analysis was performed using statistics
software (SPSS version 22.0).

Results:

360 CT-guided transthoracic lung biopsies were analyz-
ed by us. The study population consisted of 248 males
and 112 females. The mean age of the patients in our
study was 59.2 + 13.67 years. . Of these 360 cases 151
developed post-procedure pneumothorax. The incidence
of post-procedure pneumothorax was 41.94%.
Univariate Analysis

The cases were divided into two groups for evaluation of
risk factors; the pneumothorax group and the no pneu-
mothorax group. Our results showed a statistically sig-
nificant difference between the two groups in case of the
following variables: the presence of emphysema, lesion

Age(in years) 59.2 +13.67 60.21+11.37 58.53+15.11 0.251
Gender:
Male 248 104 144 0.996
Female 112 47 65
Emphysema 148 84 64 <0.0001
Size of lesion(cm) 5.09 +2.17 4.28 +1.74 5.66 + 2.26 <0.0001
Depth of lesion(cm) 1439 +1.63 1.73 £ 2.349 0.781 £1.17 <0.0001
Location of lesion:
Upper/Middle lobe 250 108 142 0.467
Lower lobe 110 43 67
Angle of needle trajec-
70.81+15.93 67.18 *+15.65 73.43 d £+ 15.66 <0.0001
tory(in degrees)
Number of passes:
Single 325 117 208 <0.0001
Multiple 35 34 1
Patient Position:
Supine 164 65 99
0.007
Prone 154 59 95
Lateral 42 27 15
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Figure 1. Incidence of Pneumothorax concerning Gender

Figure 4. Incidence of Pneumothorax concerning Patient Position
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Figure 2. Incidence of Pneumothorax concerning Emphysema
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Figure 3. Incidence of Pneumothorax concerning the Location of the lesion
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Figure 5. Incidence of Pneumothorax concerning the number of Passes

size, lesion depth, patient position, number of passes
and angulation of needle trajectory signifying a correla-
tion with risk of development of pneumothorax. Our re-
sults did not show any statistically significant difference
between the two groups in case of the following var-
iables: age, gender and location of lesion signifying no
correlation with risk of development of pneumothorax.
There was a greater risk of pneumothorax in cases with
emphysema, smaller lesion size, greater lesion depth,
lateral position, multiple passes and acute angulation of
needle trajectory. The results are summarized in Table 1,
Figures 1-5.
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Table 2. Multivariate Logistic Regression Analysis
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Emphysema -1.560 26.556 <.001 .210 116 .380
Size of lesion -.258 10.698 .001 772 .662 902
Lesion Depth 576 28.638 <.001 1.779 1.441 2.198
Angle of needle -.032 12.187 <.001 969 952 986
No. of
Passes -2.995 8.031 .005 .050 006 397
Position -1.158 5.708 .017 314 121 812

Multivariate Analysis

The six risk factors identified from univariate analysis
were further subject to multivariate logistic regression
analysis to find out the independent risk factors for the
occurrence of post procedure pneumothorax. This was
done to rule out any confounding factors. The results
showed that all the variables identified as risk factors on
univariate analysis were also independent risk factors of
pneumothorax on multivariate analysis. The results are
summarized in Table 2.

Discussion:

All invasive procedures have a morbidity and mortality
rate associated with them, which are important in con-
sidering whether to subject the patient to a procedure.
Of the various complications of CT-guided transthoracic
lung biopsy, pneumothorax is the most common. The
asymptomatic rate ranges from 17.5% to 72% [6]. We ana-
lyzed 360 cases of CT-guided lung biopsy in 360 patients
and of these 151 developed post-procedure pneumotho-
rax. The incidence of pneumothorax in our study was
41.94 %. The incidence of post-procedure pneumothorax
in our study was similar to the pneumothorax rates re-
ported by Yamagami T and colleagues in 2002 (34.3%),
Yamagami T and co-workers in 2005 (36.7%), Yamagami
T et al. in 2009 (38%), Kakizawa H et al. in 2010 (43%),
Rizzo S. And colleague’s in 2011 (45.8%), Asai N et al.
in 2013 (40.2%) and Zhang HF et al. in 2018 (40.18%)
[7-13]. However other authors have reported different
rates of post-procedure pneumothoraces. Brown KT and

www.bccrjournal.com

co-workers, Laurent F et al., Choi CM et al. , Vatrella A
and coworkers, Lim CS et al. and Lim WH and colleagues
reported comparatively lower rates of 22%, 19.9%, 21.8%,
7.45%, 29.9% and 27.3 % respectively [14-19]. Whereas
on the other hand Klein JS et al. , Nakamura M et al.
, Wallace MJ and coworkers reported comparatively
higher rates of 54%, 59.6% and 62% respectively [20-22].
This difference in rates of pneumothorax can be easily
explained because of the inhomogeneous nature of the
various studies. Each of these studies had a different
set of patients, lesions and procedural variables that ex-
plains this difference in the incidence of pneumothorax
in these studies.

Risk Factors for the development of Pneumothorax
Several variables have been evaluated for the risk of de-
velopment of pneumothorax post CT- guided transtho-
racic lung biopsy by different investigators. Our results
show that the independent risk factors of post-procedure
pneumothorax are the presence of emphysema, smaller
lesion size, Greater lesion depth, Lateral position, multi-
ple passes and acute angulation of needle trajectory. On
the other hand there is no relation with age, gender or
lobar location of the lesion.

We consider emphysema to be a significant independent
risk factor for the development of post-procedure pneu-
mothorax. This association between emphysema and the
risk of post biopsy pneumothorax can be explained by
the fact that disruption of dilated air spaces can lead to
air leaks and also decreased elasticity of the lungs. Sim-
ilar results were obtained by Chami HA and coworkers,
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Zhang HF et al. and Zhao Y and colleagues [13, 23, 24].
The mean size of lesions in the pneumothorax group
was 4.28 + 1.74 cm. In the no pneumothorax, the mean
size of the lesion was 5.66 + 2.26 cm. The difference was
statistically significant implying a correlation between
lesion size and risk of pneumothorax with a smaller
lesion size (<4.5cm) associated with a greater risk of
pneumothorax. This can be explained by the fact that the
smaller the lesion the more difficult to obtain adequate
biopsy specimens and multiple samples may be required
thus increasing the possibility of pneumothorax. In con-
cordance with our study Rizzo S et al., Asai N et al. and
Zhang HF and colleagues also consider smaller lesion
size a risk factor for pneumothorax development [11-13].
However few other investigators like Hiraki T et al and
ZhaoY et al. don’t consider lesion size as a risk factor for
pneumothorax based on their findings [24, 25].
Increased depth of lesion from the pleural surface is also
an independent risk factor for pneumothorax. A possi-
ble reason for this is that the deeper the lesion, the more
difficult it is to target the lesion. This results in increased
trauma to the lungs and pleura. Similar to our results Hi-
raki T and coworkers, Rizzo S et al. and Chami HA et al.
consider lesion depth a significant predictor of pneumo-
thorax [11, 23, 25]. Zhang HF et al. on the other hand
showed no correlation between lesion depth and risk
of pneumothorax possibly because they excluded all le-
sions with lesion depths up to 1cm from their study [13].
The lateral position was a significant risk factor for the
development of pneumothorax in our study. Most previ-
ous investigators have not shown any relation between
lateral position and risk of pneumothorax except Zhao
Y et. al. ZhaoY et. al concluded that being in the prone
or the lateral position was an independent risk factor of
a pneumothorax [24]). We believe that lateral position
is an unnatural position making it difficult for patients
to cooperate during the procedure resulting in pneumo-
thorax. We consider multiple passes (2 or more) to be a
significant independent risk factor for pneumothorax.
More needle passages led to more visceral pleural inju-
ries, resulting in higher chances of occurrence of pneu-
mothorax. Similar results were obtained by Zhang HF et.
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al. and Zhao Y et.al. [13, 24]. Whereas Chami HA et al.
on the other hand don’t consider a number of passes to
be a risk factor for pneumothorax. Although not statis-
tically significant on multivariate analysis the pneumo-
thorax rate in the group with 2 or more passes (46%) was
higher than in those with a single passes (29%) in their
study [23].

The angle of needle trajectory is also an independent risk
factor for pneumothorax. The risk of pneumothorax is
greater with fewer perpendicular angles which leads to
injury to the pleura.

However, our study does have a few limitations. We did
not include some risk factors like procedure time, ipsi-
lateral lung surgery and operator experience. Also, some
patients may have developed delayed pneumothorax
and may have been missed.

Conclusion:

In conclusion, pneumothorax is a common complica-
tion of CT-guided transthoracic lung biopsy and we can
be prepared for it by our knowledge of the risk factors
associated with the development of pneumothorax. We
consider the following variables to be independent risk
factors for the occurrence of pneumothorax: the pres-
ence of emphysema, smaller lesion size, greater lesion
depth, lateral position, multiple passes and acute angu-
lation of needle trajectory. Age, gender and the location
of lesion are not associated with the risk of development
of pneumothorax. Lateral Position is a new predictor of
pneumothorax that has been scarcely mentioned in the
literature previously and requires further studies.
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