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AIM: To evaluate the association of quantitative computed tomography (CT) measures of
emphysema with the occurrence of pneumothorax after CT-guided needle lung biopsy (NLB)
accounting for other risk factors.
MATERIALS AND METHODS: Onehundred and sixty-three CT-guidedNLBsperformedbetween

2008 and 2013with available complete chest CTwithin 30 dayswere reviewed for the occurrence
of post-procedure pneumothorax. Percent emphysema was determined quantitatively as the
percentage of lung voxels below �950 HU on chest CT images using automated software. Multi-
variable regression was used to assess the association of percent emphysema volume with the
occurrenceof post-procedurepneumothorax. The association of percent emphysemavolumewith
the pneumothorax size and need for chest tube placement after NLB was also explored.
RESULTS: Percent emphysema was significantly associated with the incidence of post-NLB

pneumothorax (OR¼1.10 95% confidence interval: 1.01e1.15; p¼0.03) adjusting for lower-
lobe lesion location, needle path length, lesion size, number of passes, and pleural needle
trajectory angle. Percent emphysema was not associated with the size of the pneumothorax,
nor the need for chest tube placement after NLB.
CONCLUSION: Percent emphysema determined quantitatively from chest CT is a significant

predictor of post-NLB pneumothorax.
� 2015 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
Introduction

Computed tomography (CT)-guided transthoracic needle
lung biopsy (NLB) is a well-established procedure for
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diagnosing lung lesions.1 NLB has significantly reduced the
need for diagnostic thoracotomy,2 but despite being less
invasive than thoracotomy, it is associated with complica-
tions ranging frommild to life threatening. Pneumothorax is
the most frequently reported complication in the literature,
with an estimated incidence between 12 and 45% following
NLB.3e6 Up to 53% of post-NLB pneumothorax require chest
tube placement and, therefore, hospitalisation.7e13
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Multiple studies have evaluated the risk factors of these
complications.7e13 Emphysema, which is an abnormal and
permanent enlargement of the air spaces distal to the ter-
minal bronchioles caused by the destruction of bronchial
walls, is a well-accepted independent risk factor of post-
NLB-pneumothorax proven in multiple studies.11,13,14
The presence of emphysema on chest CT also predicts the
need for chest tube placement for post-NLB pneumo-
thorax.9,12,13 In these studies emphysema was determined
qualitatively by visual inspection of the chest CT images. CT
volumetric lung analysis and quantification of emphysema,
is an emerging technique for the detection of early lung
diseases. Emphysema quantified by CT was correlated with
the extent of emphysema at autopsy15,16 and was associated
with lung function decline,17e18 small airways disease,19

chronic obstructive pulmonary disease (COPD) symptoms
such as the level of dyspnoea20 and mortality in COPD pa-
tients21; however, to the authors’ knowledge the associa-
tion between quantitative CT measures of emphysema and
post-NLB pneumothorax has not been evaluated. The main
objective of the present study was to evaluate the associa-
tion of quantitative CT measures of emphysema with the
occurrence of pneumothorax after CT-guided NLB ac-
counting for other risk factors. It was hypothesised that
percent emphysema is an independent predictor of post-
NLB pneumothorax. The association of quantitative CT
lung volume with the occurrence of post-NLB pneumo-
thorax and the association of quantitative emphysema with
the pneumothorax size, and the need for chest tube place-
ment after CT-guided NLB was also explored.
Materials and methods

Study design and sample size

This cross-sectional designed study was conducted in
2014. Participants were identified using the Radiology
Department electronic database after the institutional re-
view board’s approval with waiver of informed consent. Of
283 patients who underwent CT-guided NLB at the Amer-
ican University of Beirut Medical Center (AUBMC) between
October 2008 and July 2013, 187 patients had a CT chest
examination performed within 30 days from the biopsy
with adequate images for quantitative analysis. Seven pa-
tients who were undergoing a repeat NLB within 2 weeks
and 17 patients with undocumented smoking status were
excluded from the study resulting in a sample size of 163
participants.
Figure 1 Axial chest CT image showing the pleural needle angle mea-
surement. Thepleural needle angle is the smallest angle formedbya line
drawn along the needle and a line tangential to the pleura at the entry
point of the needle. This picture shows a needle pleural angle of 52.8�.
Pneumothorax assessment

All chest CT images taken after biopsy were reviewed by
a radiologist who ascertained the presence of pneumo-
thorax on the images and quantified the pneumothorax
size. A large pneumothorax was defined as the presence of
a visible rim of >2 cm between lung margin and chest
wall.22
Quantitative CT measures assessment

Images were reconstructed and lung and emphysema
volumes were measured by quantitative volumetric anal-
ysis on previously acquired CT chest images using the Phi-
lips Extended Brilliance Workspace (version v4.0.3.10014).
Total lung and emphysema volumes were defined as num-
ber of lung voxels below �750 and �950 HU, respectively.
Percent emphysema was defined as the percent emphy-
sema volume of total lung volume. Volume and percent
emphysema were also assessed for each lung separately.
The quantification of emphysema using this software al-
gorithm has been previously validated against manual
calculation of emphysema.23

Other variables

Demographic characteristics (age at the timeofprocedure,
sex, and bodymass index [BMI]) and smoking history (never
versus ever smoking) were collected from the patients’ hos-
pital medical records. Data on the procedure, including pa-
tient’s position while undergoing the procedure (decubitus/
supine/prone), lesion size in centimetres and location (lower/
upper lobes), and the pleural needle angle trajectory, path
length and gauge, were also determined by reviewing the
procedure images andprocedures reports. Thepleural needle
angle trajectory ismeasuredas the smallest angle formedbya
linedrawnalong theneedle anda line tangential to thepleura
at the entry point of the needle (Fig 1). The needle gauge used
for the core biopsywas 18 G, while the needle gauge used for
fine-needle aspiration (FNA) was 22 G.

Statistical analysis

Descriptive statistics, including frequency distribution
and percentages for categorical variables, means and stan-
dard deviation for continuous, are presented for the whole
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study sample and stratified by incident post-procedure
pneumothorax. Patient procedures and quantitative CT
characteristics are also presented stratified by pneumo-
thorax size (small versus large), and by pneumothorax
management (conservative versus chest tube placement)
among patients with incident pneumothorax. Characteris-
tics were compared between strata using the two-sample t-
test or ManneWhitney non-parametric test for continuous
variables and the chi-square test or Fisher’s exact test for
categorical variables in bivariate analyses.

The association between quantitative lung characteris-
tics (emphysema or lung volumes) with development of
post-procedure complications was assessed using multi-
variable logistic regression analyses. The dependent vari-
able for the main analysis was incidence of pneumothorax
after biopsy. Dependent variables assessed in secondary
analyses were the pneumothorax size (small versus large),
and pneumothoraxmanagement (conservative versus chest
tube placement). The main independent variable was
percent emphysema. Percent emphysema in the lung ipsi-
lateral and contralateral to the biopsied lesion, absolute
Table 1
Characteristics of the total sample and stratified by incident post-needle lung bio

Total Sample

N¼163

Patients Characteristics
Males, % 68.1
Age (years), mean (SD) 61.4 (13.7)
Body mass index, mean (SD) 26.9 (5.1)
Ever smoker, % 71.9
Radiologist diagnosed emphysema, % 52.8
Lesion characteristics
Lesion size (cm), mean (SD) 3.8 (2.3)
Lesion location, %peripheral 82.8
Lesion location, % right Lung 53.4
Lesion location, % lower lobe 48.5
Procedure characteristics
Procedure positioning,
% Lateral decubitus 6.7
% Prone 47.2
% Supine 46.0
Needle gauge,
% FNA 69.9
% Core biopsy 30.1
Pleural needle-trajectory angle (degrees), mean (SD) 63.0 (19.3)
Needle path length (cm), mean (SD) 1.4 (1.6)
Number of passes: % with two or more passes 39.3
Volumetric CT lung characteristics
Total lung, mean (SD)
Total lung volume (L) 4.22 (1.44)
Total emphysema volume (mL) 143.1 (276.3)
Percent emphysema 2.9 (5.5)
Ipsilateral lung, mean (SD)
Ipsilateral lung volume (L) 1.98 (0.85)
Ipsilateral emphysema volume (mL) 68.2 (142.0)
Ipsilateral percent emphysema 2.8 (5.7)
Contralateral lung, mean (SD)
Contralateral lung volume (L) 2.23 (0.78)
Contralateral emphysema volume (mL) 75.0 (145.4)
Contralateral percent emphysema 2.9 (5.7)

A significant relationship is indicated by p<0.05. p-Values were calculated using
ManneWhitney non-parametric test for continuous variables.
emphysema volume, and lung volume were secondary in-
dependent variables. In the present study, models were
adjusted for significant predictors of pneumothorax
(p<0.05) in the bivariate analyses as well as previously
published predictors of pneumothorax. Due to the skewed
distribution of percent emphysema, the variable was log-
transformed using the formula “ln (percent
emphysema þ 0.1)” in order to verify the robustness of the
findings. For ease of interpretation, the results of analysis
performed are presented without log transformation.

Statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS version 22, IBM, Armonk,
NY, USA). Adjusted odds ratio (OR) and a 95% confidence
interval (CI) are reported. An OR >1.00 indicates a higher
risk of pneumothorax occurrence, and p<0.05 was consid-
ered to be statistically significant.

Results

The incidence of post-NLB pneumothorax was 36.2%
(n¼59), of which 20% (n¼12) were large sized and 15.3%
psy pneumothorax (N¼163).

Pneumothorax p-Value

Yes No

n¼59 n¼104

62.7 71.2 0.27
63.8 (12.1) 60.0 (14.4) 0.09
26.6 (4.2) 27.0 (5.6) 0.64
77.8 68.7 0.23
64.4 46.2 0.02

3.2 (2.0) 4.1 (2.4) 0.01
79.7 84.6 0.42
62.7 48.1 0.07
59.3 42.3 0.04

0.23
8.5 5.8
54.2 43.3
37.3 51.0

0.65
67.8 71.2
32.2 28.8
66.6 (19.2) 61.0 (19.1) 0.07
1.9 (1.6) 1.2 (1.5) 0.001
50.8 32.7 0.02

4.43 (1.37) 4.09 (1.48) 0.15
203.2 (336.2) 108.9 (230.6) 0.06
4.0 (6.4) 2.2 (4.8) 0.06

2.15 (0.85) 1.89 (0.83) 0.06
95.8 (164.2) 52.8 (126.3) 0.04
3.9 (6.4) 2.3 (5.2) 0.05

2.30 (0.72) 2.20 (0.81) 0.45
110.4 (184.0) 55.4 (115.2) 0.06
4.2 (6.8) 2.2 (4.8) 0.07

Pearson’s chi-square test for categorical variables and two sample t-test or



Table 2
Predictors of pneumothorax in multivariable adjusted analyses (N¼163).

Adjusted OR 95% CI p-Value

Percent emphysema 1.07 (1.01e1.15) 0.03
Needle path length 1.34 (1.07e1.68) 0.01
Lesion location
Upper lobe 1
Lower lobe 2.11 (1.02e4.37) 0.04
Number of passes
One pass 1
Two or more passes 1.98 (0.96e4.097) 0.07
Pleural needle-trajectory angle 1.02 (1.00e1.04) 0.07
Lesion size 0.87 (0.73e1.03) 0.11

A significant relationship is indicated by p<0.05.
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(n¼9) required aspiration, using chest tube placement. The
characteristics of the patients, lesions, and procedures are
presented for the whole sample and stratified by presence
of post-NLB pneumothorax in Table 1. The mean age of
participants was 61 years, 68% were men, and 72% reported
ever smoking. The median emphysema volume was 36.3 ml
(range 0e1493.5 ml) and the median percent emphysema
was 0.8% (range 0e30.5%).

Post-NLB pneumothorax

All assessed measures of emphysema were associated
with incident post-biopsy pneumothorax in bivariate ana-
lyses, including radiologist-diagnosed emphysema,
Table 3
Characteristics associated with pneumothorax size and management in patients

Pneumothorax size

Small (<2 cm)
n¼47

Large (�
n¼12

Patients characteristics
Males, % 63.8 58.3
Age (years), mean (SD) 63.7 (12.8) 64.0 (9.3
Body mass index, mean (sd) 26.6 (4.1) 26.7 (5.0
Ever smoker, % 73.8 91.7
Radiologist diagnosed emphysema, % 66.0 58.3
Lesion characteristics
Lesion size (cm), mean (SD) 3.4 (2.1) 2.2 (1.2)
Lesion location, % peripheral 80.9 75.0
Lesion location, % right lung 57.4 83.3
Lesion location, % lower lobe 63.8 41.7
Procedure characteristics
Procedure positioning
% Lateral decubitus 6.4 16.7
% Prone 48.9 75.0
% Supine 44.7 8.3
Needle gauge
% FNA 63.8 83.3
% Core biopsy 36.2 16.7
Pleural needle-trajectory angle (degrees)
Mean (SD) 69.2 (18.3) 56.5 (20
Needle path length (cm), Mean (SD) 1.8 (1.6) 2.4 (1.5)
Number of passes, % with 2 or more passes 42.6 83.3
Volumetric CT lung characteristics, mean (sd)
Total lung volume (l) 4.47 (1.39) 4.29 (1.3
Total emphysema volume (ml) 207.4 (363.8) 186.8 (2
Percent emphysema 4.0 (6.8) 3.9 (4.7)

A significant relationship is indicated by p<0.05. p-Values were calculated us
parametric test for continuous variables.
quantitative emphysema volume, and quantitative percent
emphysema, although the later was of borderline signifi-
cance (Table 1). Quantitative emphysema measures in the
lung ipsilateral to the biopsied lesion were also associated
with post-NLB pneumothorax in bivariate analyses,
although the association of contralateral emphysema and
post-NLB pneumothorax was of borderline significance.
Other significant predictors of pneumothorax in bivariate
analyses were smaller lesion size, lesion location in the
lower lobes, needle path length, and number of passes, and
were included in the multivariable adjusted models.
Quantitative CT measured lung volumes as well as smoking
history, were not associated with post-NLB pneumothorax.

Percent emphysema was a significant independent pre-
dictor of post-NLB pneumothorax in multivariable adjusted
models (OR: 1.10; 95% CI: 1.01e1.15; p¼0.03), in addition to
lower lobe lesions (OR: 2.11; 95% CI: 1.02e4.37; p¼0.04) and
needle path length (OR: 1.34; 95% CI: 1.07e1.68; p¼0.01).
The findings were similar using log-transformed percent
emphysema.

In analyses assessing ipsilateral or contralateral emphy-
sema instead of total lung percent emphysema, both were
significant predictors of post-NLB pneumothorax in multi-
variable adjusted models (OR: 1.07; 95% CI: 1e1.14; p¼0.04,
and OR: 1.07; 95% CI: 1.01e1.15; p¼0.03, respectively). Post-
NLB pneumothorax was not associated with lesion size,
number of passes, and pleural needle-trajectory angle in
multivariable adjusted models (Table 2).
who developed pneumothorax (N¼59).

p-Value Treatment provided p-Value

2 cm) Conservative
n¼50

Chest tube
n¼9

0.75 64.0 55.6 0.71
) 0.90 64.2 (12.7) 62.3 (8.4) 0.47
) 0.87 26.7 (4.1) 25.9 (5.2) 0.66

0.26 73.3 100.0 0.18
0.74 64.0 55.6 0.71

0.03 3.4 (2.2) 2.5 (1.3) 0.27
0.70 80.0 77.8 1.00
0.18 58.0 88.9 0.13
0.20 64.0 33.3 0.14

0.03 6.0 22.2 0.19
52.0 55.6
42.0 22.2

0.30 66.0 77.8 0.70
34.0 22.2

.2) 0.04 68.1 (19.3) 56.0 (15.1) 0.04
0.14 1.9 (1.6) 2.1 (1.7) 0.60
0.02 48.0 66.7 0.47

1) 0.65 4.41 (1.35) 4.43 (1.45) 1.00
09.1) 0.82 212.7 (357.4) 151.1 (187.3) 0.91

0.79 4.2 (6.8) 2.8 (3.2) 0.87

ing Fisher’s exact test for categorical variables and ManneWhitney non-
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Pneumothorax size and management

Patient and procedure characteristics stratified by
pneumothorax size are shown in Table 3. Lesion size, prone
positioning during procedure, smaller pleural needle-
trajectory angle, and larger number of passes were associ-
ated with larger pneumothorax size in bivariate analyses
and were included in the multivariable adjusted models.
Measures of emphysema and lung volumes were not asso-
ciated with the pneumothorax size. Two or more passes
(OR: 7.04; 95% CI: 1.13e43.8; p¼0.03), and prone (OR: 13.80;
95% CI: 1.3e146.88; p¼0.03) or lateral decubitus positioning
(OR: 35.07; 95% CI: 1.41e874.49; p¼0.03) during the pro-
cedure were significant predictors of large pneumothorax
size in multivariable adjusted models whereas lesion size,
and needle trajectory angle were not (Table 3). Sample
characteristics stratified by type of treatment for the
pneumothorax are also presented in Table 3. Only smaller
pleural needle trajectory angle was associated with chest
tube placement whereas measures of emphysema and lung
volume were not.
Discussion

Quantitative CT determined percent emphysema was
found to be a significant predictor of incident post-
procedure pneumothorax after adjustment for other po-
tential risk factors in this sample. The risk of post-NLB
pneumothorax increased by 7.4% with every unit increase
in percent emphysema. Although prior studies have re-
ported an increased risk of pneumothorax with visually
assessed emphysema on chest CT,11,13,14 to the authors’
knowledge, this is the first study to evaluate pneumothorax
risk in relation to emphysema measured using quantitative
CT. This finding is clinically important as it provides clini-
cians with a new objective measure to assess the risk of
pneumothorax by automated quantitative analysis of chest
CT prior to performing NLB. Although percent emphysema
near the lesionwould be expected to be a better predictor of
post-NLB pneumothorax risk, this risk was equally associ-
ated with percent emphysema in the contralateral and
ipsilateral lung in multivariable adjusted models. This is
likely related to equal involvement of both lungs with
emphysema or possibly due to the lesion influencing
emphysema measurement and potentially attenuating the
association in the ipsilateral lung.

Quantitative CT measured lung volume was not associ-
ated with the risk of pneumothorax. Although forced vital
capacity another measure of lung volume is an independent
risk factor for post-NLB pneumothorax9 and quantitative CT
measured lung volume correlates with forced vital
capacity.24,25

Needle path length and lower lobe lesion location were
other independent predictors of post-NLB pneumothorax in
the present study. This finding is consistent with previous
studies that showed an increased risk of post-NLB pneu-
mothorax in association with greater needle path
length7,9,10,13,26 and with lower lobe lesion location.12 With
longer needle path length, redirections of the needle may
be required, which could result in tearing of the pleura.13

Similarly greater respiratory motion occurs in the lower
lobes, making NLB of lower lobe lesions more difficult and
necessitating more redirections of the needle to reach the
lesion.12

Other previously reported risk factors for post-biopsy
pneumothorax, such as smaller lesion size7,9,12,13,26e28 and
increased number of pleural passes,10,13 were predictors of
pneumothorax in bivariate analysis in the present study, but
not in multivariable analyses. Similarly two other studies
did not find a significant association between post-NLB
pneumothorax and lesion size4,8 or with the number of
pleural passes.8 There was no association between post-NLB
pneumothorax in the present study and some of the other
previously reported risk factors such as older age,27 greater
lesion depth,7,9e12,26 needle pleural angle,9,12 smaller lesion
size,7,9,12,13,26e28 increased number of pleural passes,10 and
position during the procedure.27 No association between
BMI, smoking status, needle gauge, and post-NLB pneu-
mothorax was found in the present study either.

Most pneumothoraces that occurred in the present
sample were small and resolved spontaneously (79.7%).
Only positioning for procedure (mainly prone or lateral
positioning), and increased number of needle pleural passes
were found to be significant risk factors for a large pneu-
mothorax, whereas percent emphysema and lung volume
were not.

In the present study, the rate of chest-tube placement
among patients who developed pneumothorax was 15.3%;
thus comparable to previous studies where the incidence of
chest tube placement ranged between 0 and 53% of pneu-
mothorax.7e9,11 The presence of visually assessed emphy-
sema was a risk factor for chest-tube placement post-NLB
pneumothorax.13,29 Indeed, emphysema is associated with
decreased respiratory reserve, making the occurrence of
symptomatic pneumothorax more likely.13 Furthermore,
the disruption of dilated air spaces may prevent rapid
sealing of air leak.29 Nonetheless, no significant association
was found between quantitative emphysema and the need
for post-NLB pneumothorax aspiration in this study.
Furthermore, there was no association with quantitative CT
measured lung volume, although spirometric measured
lung volume (FVC) was previously associated with the need
for post-NLB pneumothorax aspiration.9 Contrary to prior
reports,9 a smaller needle pleural angle was found to be
significantly associated with post-NLB pneumothorax
requiring chest tube placement in the present study,
whereas other previously reported risk factors, such as
lesion depth,12 number of needle pleural passes,10 and
smoking history,9,13 were not.

The present study has several limitations including
retrospective implementation; although all CT measures
were recorded prior to the procedures and assessed objec-
tively, which minimises the potential for bias. The relatively
small number of patients may have decreased the detection
of other predictors of post-NLB pneumothorax. Although
the present study was performed at a single site, the results
are likely generalisable as the incidence of pneumothorax
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and chest tube placement for pneumothorax in this study
(36.2% and 15.3%, respectively) were comparable to those
reported in previous studies where the incidence of pneu-
mothorax was reported to range between 12% and
45%6e8,11,27; and that of chest tube placement required in
0e53% of pneumothorax cases.7e9,11 Multiple variables
were tested; however, post-NLB pneumothorax and percent
emphysema were selected a priori as the primary depen-
dent and independent variables respectively. Balancing
these limitations aremultiple strengths, including the novel
finding, the well-characterised sample, and ascertainment
of all pneumothorax by a radiologist.

In conclusion, quantitative CT-determined percent
emphysemawas found to be a significant risk factor of post-
NLB pneumothorax after adjustment for multiple potential
confounders. Quantitative CT determined lung volume was
not. This finding could help clinicians better anticipate po-
tential complications from NLB through objective assess-
ment of emphysema by quantitative analysis of the CT
images in addition to careful biopsy planning and choice of
technique.
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