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BACKGROUND: Pneumothorax is one of the most important complications after bronchoscopy.
This study was conducted to determine the risk factors for post-bronchoscopy pneumothorax.
METHODS: We retrospectively reviewed the medical records of 23 consecutive subjects who were
diagnosed with iatrogenic pneumothorax after bronchoscopy between August 2010 and February
2014. Forty-six control subjects who did not develop pneumothorax after bronchoscopy were ran-
domly selected. The factors affecting the occurrence of pneumothorax were determined by univar-
iate and multivariate analyses. RESULTS: Among 991 patients who underwent bronchoscopy
during the study period, 23 (2.3%) developed pneumothorax after bronchoscopy. Among these 23
subjects, 13 (57%) required chest tube drainage. Compared with the control group (46 randomly
selected from 968 subjects who did not develop pneumothorax), the group that developed pneu-
mothorax had a preponderance of women and had more target lesions located in the subpleural
area (odds ratio [OR] 7.8, 95% CI 0.9–64), especially those that were close to the interlobular
pleura (OR 5.1, 95% CI 1.6–16.1) and the left lung (OR 3.2, 95% CI 1.1–9.5). Multivariate analysis
revealed that a subinterlobular pleural location of a lesion was a risk factor for pneumothorax (OR
4.8, 95% CI 1.1–20.4). CONCLUSIONS: Pneumothorax occurred significantly more frequently
when bronchoscopy was performed for subinterlobular pleural lesions. Close attention and care
should be taken during bronchoscopy, especially when target lesions are abutting the interlobular
pleura. Key words: bronchoscopy; pneumothorax; biopsy; risk; pleura; adverse effects. [Respir Care
2016;61(12):1664–1670. © 2016 Daedalus Enterprises]

Introduction

Bronchoscopy is an effective diagnostic procedure for
different respiratory problems.1 With the continuing de-
velopment of technology and improvement of equipment,
bronchoscopy is expected to have a broader range of use
with more accurate and safer outcomes.2 Endobronchial

ultrasound (EBUS)-guided transbronchial biopsy has re-
cently grown in popularity and is increasingly being se-
lected over computed tomography (CT)-guided transtho-
racic needle biopsy as the diagnostic procedure for
peripheral nodules.

Although bronchoscopy is generally safe, specific post-
procedural risks, such as pneumothorax, hemorrhage, and
infection, remain. Pneumothorax is one of the most im-
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portant and common complications related to bronchos-
copy, with previous papers reporting an incidence of up to
7.5%.1-6 In clinical practice, some measures may be un-
dertaken to prevent pneumothorax. For example, pneumo-
thorax may be prevented by confirming the biopsy site by
fluoroscopy and by checking whether the patient feels pain.
However, the latter may not be always feasible, especially
in sedated patients.

Given the increasing applicability of bronchoscopy for
peripheral lesions and the frequent use of sedatives, the
incidence of complications such as pneumothorax is also
expected to increase in the future. To date, only a few
studies have reported on the risk factors for pneumothorax
after bronchoscopy. Specifically, some studies have men-
tioned that women and patients with COPD or emphysema
on high-resolution CT were more likely to develop pneu-
mothorax.7,8 However, the relation between the lesion lo-
cation and the pneumothorax after bronchoscopy remains
unclear. The goal of our study was to determine the sub-
ject-, lesion-, and procedure-related factors that are asso-
ciated with the development of pneumothorax after bron-
choscopy.

Methods

We retrospectively reviewed the medical records of con-
secutive subjects who developed pneumothorax after bron-
chial brushing or transbronchial biopsy for the diagnosis
of peripheral lung lesions between August 2010 and Feb-
ruary 2014 at the National Center for Global Health and
Medicine (Tokyo, Japan). The clinical characteristics of
subjects; location, features, and size (�3 cm vs �3 cm) of
target lesions; and the variables related to the bronchos-
copy procedure were examined. To identify the risks as-
sociated with pneumothorax after bronchoscopy, we com-
pared subjects who developed pneumothorax and those
who did not develop pneumothorax after bronchoscopy.
Among 968 patients who did not develop pneumothorax
after bronchial brushing or transbronchial biopsy during
the same period, 46 subjects were randomly selected as the
control group using a random number table.

The end point was the association of the study variables
with the development of pneumothorax after bronchos-
copy. The location of target lesions was classified based
on its relationship with the pleura: apical pleura, basal
pleura, interlobular pleura, mediastinal pleura, and lateral
pleura, as shown in Figure 1. The apical pleura was de-
fined as the rounded superior portion of the pleura. The
basal pleura was defined as the portion in contact with the
diaphragm. The mediastinal pleura was defined as the por-
tion in contact with the mediastinum. The interlobular
pleura was defined as the portion that was sandwiched
between 2 lobes. The lateral pleura was the portion other
than the apical pleura, basal pleura, interlobular pleura,

and mediastinal pleura. The protocol of this study was
approved by the institutional review board of the National
Center for Global Health and Medicine.

Procedure

Flexible bronchoscopy using conventional (BF 1T260,
Olympus, Tokyo, Japan) and thin (BF P260F, Olympus) bron-
choscopes was performed via the oral route under sedation by
intramuscular hydroxyzine and intravenous midazolam or
propofol. Bronchial brushing was carried out using a dispos-
able cytology brush (�1.8 mm; BC-202D-2010, Olympus).
Transbronchial biopsy was performed using biopsy forceps
(�1.9 mm [Endo Jaw FB-231D, Olympus], �1.8 mm
[KW1811S, PENTAX Medical, Montvale, New Jersey], or
�1.5 mm [KW1511S, PENTAX Medical]). We defined con-
ventional biopsy as transbronchial biopsy without using EBUS
guidance to distinguish from EBUS-guided transbronchial
biopsy. During the procedure, continuous pulse oximetry was
routinely used to monitor oxygen saturation and pulse rate.
When necessary, oxygen was delivered to the subject via
nasal cannula. Blood pressure was intermittently measured.

Secretions in the bronchus were aspirated for cytologic
and microbiologic examinations. The lobar bronchus was
washed with 1 or 2 10-mL aliquots of saline. Bronchoal-
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Current knowledge

With the development of flexible bronchoscopes and
biopsy techniques, including endobronchial ultrasound,
the smaller lung nodules have been targeted for biopsy
by bronchoscopy. Pneumothorax is one of the most
important and common complications related to bron-
choscopy. Women and patients with COPD or emphy-
sema on high-resolution CT have been reported to
develop pneumothorax more frequently, but the lesion-
and procedure-related factors that are associated with
the development of pneumothorax after bronchoscopy
have not been elucidated.

What this paper contributes to our knowledge

In this retrospective study, target lesions that were lo-
cated close to the interlobular pleura were 5 times more
frequently associated with pneumothorax after bron-
choscopy. Chest tube drainage of pneumothorax after
bronchoscopy was required in over half of the subjects.
In high-risk cases, the bronchoscopist should pay close
attention and perform maneuvers to prevent pneumo-
thorax after the procedure by remaining aware of the
pleura or interlobular pleura next to the target lesion.
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veolar lavage was performed by injecting 3 50-mL ali-
quots of saline through a bronchoscope that was wedged in
the involved segment. Upon insertion of the scope to reach
the target bronchus, brush, needle, or forceps with guide
sheath was inserted through the working channel and ad-
vanced under x-ray fluoroscopic guidance.

All bronchoscopy procedures were performed on an in-
patient basis except when there were any reasons that would
have prevented hospitalization. The bronchoscopy proce-
dures were performed by pulmonologists under the guid-
ance of an adviser bronchoscopy specialist. After every
procedure, the subject was observed for one night before
discharge. Chest radiograph was routinely performed sev-
eral hours after bronchoscopy to detect pneumothorax. We
calculated the percentage of pneumothorax by drawing
rectangles that demonstrated the outlines of hemithorax
and lung and subtracting the respective areas.9,10

Statistical Analysis

Assuming that the percentage for the non-development
of pneumothorax after transbronchial biopsy was 40%, 29
subjects were required for a one-sided type-1 error rate of
0.05 with 80% statistical power. Selecting cases and con-
trols in a ratio of 1:2 resulted in a required sample size of
22 for the pneumothorax group.

The association of each outcome with the corresponding
set of variables was evaluated using the chi-square test or
Wilcoxon-Mann-Whitney test, as appropriate. To identify
the risk factors for pneumothorax after bronchoscopy, we
used multivariate logistic regression to evaluate the inter-
action between subjects who developed pneumothorax and
those who did not develop pneumothorax. Risk for pneu-
mothorax after bronchoscopy was expressed as the odds
ratio (OR). P values of �.05 were considered statistically

significant, and all tests were 2-sided. We also performed
the Hosmer-Lemeshow test to determine the goodness of
fit of the logistic regression model. P values of �.05 were
considered to indicate that the logistic regression model
was a good fit. All statistical analyses were performed
using SPSS 15.0J for Windows (IBM, Tokyo, Japan).

Results

Clinical Characteristics and Radiologic Findings of
Target Lesions in Subjects Who Developed
Pneumothorax After Bronchoscopy

Among the 991 patients who underwent bronchial wash-
ing and/or transbronchial biopsy during the study period,
23 subjects (2.3%) developed pneumothorax after bron-
choscopy. The clinical characteristics of the study popu-
lation are shown in Table 1. Fourteen subjects (61%) were
women, and the median age was 70 y (range 24–85 y).
Twelve subjects (52%) were never-smokers. Five subjects
(22%) were receiving systemic steroids when bronchos-
copy was performed. Five subjects had diabetes mellitus.

Emphysema and fibrosis were observed on chest CT in
6 (26%) and 7 (30%) subjects, respectively. The target
lesions were located in the left lung in 10 subjects (43%)
and in the subpleural area in 22 subjects (96%). Among
these 22 subjects, the target lesions were close to the lat-
eral pleura in 13 subjects (57%) and to the interlobular
pleura in 11 subjects (48%). Seventeen lesions (74%) were
solid.

Bronchoscopic Procedures Performed

Transbronchial biopsy was performed for 18 subjects
(78%) (Table 2). In the remaining 5 subjects (22%), only

Fig. 1. Examples of the locations of target lesions related to each pleura. A: High-resolution computed tomography shows that the target
lesion is located in contact with the lateral pleura (arrow). B: The solid tumor (arrow) is close to the interlobular pleura. C: The small nodule
(arrow) is located close to the basal pleura.
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peripheral brushing was performed. In 16 subjects (70%),
radial EBUS with a guide-sheath transbronchial biopsy
was performed; EBUS images revealed “within” in 13
subjects and “adjacent to” in one subject. In the remaining
2 subjects, target lesions could not be detected by EBUS.
Conventional transbronchial lung biopsy was performed
on 4 subjects (17%). The median time required for the
procedures was 57 min (range 32–112 min). While per-
forming bronchoscopy, administration of thrombin was
needed to stop bleeding in 9 subjects (39%).

Outcome After Pneumothorax

Definitive diagnosis was confirmed by bronchoscopy in
13 subjects (57%) (Table 3). Pneumothorax was detected
on fluoroscopy immediately after bronchoscopy in 5 sub-
jects (22%) and on chest radiograph several hours after
bronchoscopy in 18 subjects (78%). Among the 23 sub-
jects, chest tube drainage was required in 13 subjects (57%)
and pleurodesis in one subject (4%). Fourteen subjects
(61%) needed supplemental oxygen therapy. The median
interval to resolution of pneumothorax was 1 d (range
0–8 d). The median duration until discharge was 5 d (range
1–72 d). The most frequent final diagnosis was primary

Table 2. Variables Associated With the Occurrence of
Pneumothorax After Bronchoscopy

Variables
Pneumothorax

(n � 23)
Control
(n � 46)

P

Lung biopsy, n (%) 18 (78) 41 (89) .20
EBUS-GS 16 (70) 28 (61) .33

Within 13 (57)
adjacent to 1 (4)
Outside 2 (9)

Conventional biopsy 4 (17)
Peripheral brushing, n (%) 20 (87) 38 (83) .47
Brushing without biopsy, n (%) 5 (22)
Thin bronchoscopy, n (%) 11 (48) 7 (15) .005
Dose of midazolam, median

(range) mg
2.2 (1–8) 1.8 (0–6.3)

Dose of midazolam �2 mg,
n (%)

13 (57) 16 (35) .18

Treatment with thrombin, n (%) 9 (39) 17 (37) .53
Duration of the procedure,

median (range) min
57 (32–112) 44 (20–75) .001

EBUS-GS � endobronchial ultrasonography with a guide sheath

Table 1. Clinical Characteristics and Radiologic Findings of the Target Lesions

Characteristics Pneumothorax (n � 23) Control (n � 46) P

Male/female sex, n (%) 9/14 (39/61) 30/16 (65/35) .036
Age, median (range) y 70 (24–85) 69.5 (38–85) .69
Smoking status, n (%) .43

Never-smokers 12 (52) 18 (39)
Ex-smokers 8 (35) 15 (33)
Current smokers 3 (13) 10 (22)

Systemic steroid use, n (%) 5 (22) 3 (7) .063
Comorbidity of DM, n (%) 5 (22) 7 (15) .50
Emphysema on CT, n (%) 6 (26) 12 (26) .62
Fibrosis on CT, n (%) 7 (30) 8 (17) .22
Lesion location: left, n (%) 10 (43) 9 (20) .036
Lesion location: upper/middle/lower/diffuse, n (%) 6/4/9/4 (26/17/39/17) 15/5/19/7 (33/11/41/15) .48
Subpleural lesions, n (%) 22 (96) 34 (74) .036
Portion of pleura, n (%)

Lateral 13 (57) 18 (39) .17
Mediastinal 4 (17) 6 (13) .14
Interlobular 11 (48) 7 (15) .005
Basal 4 (17) 3 (7) .16
Apical 1 (4) 6 (13) .26

Character of lesion, n (%)
Solid/Nodular/GGO or consolidation 17/1/5 (74/4/22) 31/4/11 (67/9/24) .77
Diffuse lung disease 3 (13) 7 (15) .81
�30 mm 12 (52) 14 (30) .08

DM � diabetes mellitus
CT � computed tomography
GGO � ground-glass opacity
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lung cancer (30%), followed by Mycobacterium infection
(13%), as shown in Table 4.

Case Control Study

The characteristics of the control group are shown in
Table 1. The number of women in the study group was
significantly higher than that in the control group (61% vs
35%, P � .036). The proportion of female sex in the
control group was similar to that in the overall population
(35% vs 39%). There were no significant differences be-
tween the 2 groups with regard to age; smoking status;
comorbidity; underlying lung disease, such as emphysema
and fibrosis on high-resolution CT; and use of systemic
steroids. Compared with the control group, the subjects
who developed pneumothorax had target lesions that were
more frequently located in the subpleural area (OR 7.8,
95% CI 0.9–64), especially those that were close to the
interlobular pleura (OR 5.1, 95% CI 1.6–16.1) and the left
lung (OR 3.2, 95% CI 1.1–9.5). Thin bronchoscopy was
more commonly used in the pneumothorax group (Table
2) than the control group. There were no significant dif-

ferences between the 2 groups with regard to the proce-
dures (Table 2). With regard to the final diagnosis, signif-
icantly more subjects did not receive definite diagnosis in
the pneumothorax group (Table 4). However, there was no
difference in yield of the etiology of the lesions in the 2
groups, as shown in Table 4. The study group had a sig-
nificantly longer bronchoscopy procedure time than the
control group. Multivariate analysis revealed that subin-
terlobular pleural location was a risk factor for pneumo-
thorax after bronchoscopy (OR 4.8, 95% CI 1.1–20.4) (Ta-
ble 5).

Discussion

We reported in this study the characteristics and out-
comes of subjects who developed pneumothorax after bron-
choscopy. We presented in detail the risk factors associ-
ated with pneumothorax after bronchoscopy. The present
study addressed 3 important clinical issues.

First, target lesions that were located close to the inter-
lobular pleura were 5 times more frequently associated
with pneumothorax after bronchoscopy. Generally, sub-
pleural lesions are more likely to develop pneumothorax
due to direct damage to the pleura during forceps biopsy
and brushing. To the best of our knowledge, there have
been no reports about the association between the location
in the pleura and pneumothorax after bronchoscopy, al-
though a previous paper reported that there was no differ-
ence in the occurrence rate of pneumothorax between le-
sions in the outer one third of the lung versus the central
two thirds of the lung evaluated by CT.4 To date, fluoros-
copy has been used to localize peripheral lesions and fa-
cilitate appropriate bronchoscopy procedures. Fluoroscopy
enables confirmation of the positional relationship between
the pleura and forceps when a target lesion is close to the
lateral pleura, but it does not clearly demonstrate the in-

Table 3. Outcomes After Pneumothorax

Variables
Subjects
(n � 23)

Diagnosis achieved, n (%) 13 (57)
Pneumothorax detected by fluoroscopy, n (%) 5 (22)
Percentage volume of pneumothorax,

median (range) %
20 (1–80)

Treatment of pneumothorax, n (%)
Observation 7 (30)
Supplemental oxygen therapy 14 (61)
Chest tube drainage 13 (57)
Pleurodesis 1 (4)

Time to resolution, median (range) d 1 (0–8)
Days to resolution, n (%)

0–1 14 (61)
�2 9 (39)

Time to discharge, median (range) d 5 (1–72)

Table 4. The Final Diagnoses of the Target Lesions

Diagnosis
Pneumothorax

(n � 23)
Control (n � 46) P

Primary lung cancer 7 (30%) 25 (54%) .060
Metastatic lung cancer 2 (9%) 4 (9%) �.99
Diffuse lung disease 2 (9%) 6 (13%) .59
Mycobacterium infection 3 (13%) 3 (7%) .36
Inflammation 2 (9%) 7 (15%) .45
Unknown 7 (30%) 1 (2%) .005

Results are n (%).

Table 5. Risk Factors Associated With Pneumothorax After
Bronchoscopy

Risk Factor
Univariate
Analysis, P

Multivariate Analysis

Odds Ratio 95% CI P

Thin bronchoscope type .005 3.66 0.94–14.1 .060
Interlobular pleura .005 4.82 1.14–20.4 .032
Sampling from the left lung .040 2.48 0.6–9.09 .19
Male sex .042 NE
Subpleural lesion .057 4.38 0.37–52.1 .24
Systemic steroid use .08 3.29 0.53–20.4 .20
Small size (�3 cm) .08 1.9 0.45–7.69 .38
Current � former smoker .13 1.37 0.56–3.26 .47

Univariate analysis was performed by the chi-square test. Multivariate analysis was performed
by logistic regression. Hosmer-Lemeshow test: P � .87.
NE � not evaluated
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terlobular pleura.11,12 In addition, it is difficult to confirm
damage to the interlobular pleura, regardless of the pres-
ence of pain. The interlobular pleura contains 2 visceral
pleural surfaces, which have no pain fibers, unlike the
parietal pleura13; therefore, subjects will not feel pain even
when the biopsy forceps has reached the interlobular pleura.

Second, fluoroscopy immediately after bronchoscopy
was not able to detect pneumothorax in 78% of subjects.
Routine chest radiograph after bronchoscopy was not rec-
ommended by the British Thoracic Society Guidelines be-
cause it rarely provides useful clinical information in the
absence of symptoms.12 In addition, the occurrence of pneu-
mothorax is often delayed for up to 2 h after bronchoscopy
in 40% of cases.12 Pneumothorax has been reported to
become visible 1 h after bronchoscopy in some patients,
although it was not detected by chest radiograph immedi-
ately after CT-guided transthoracic needle biopsy.2,14-17 In
some previous reports, performance of chest radiograph
24 h after a procedure was required to detect pneumotho-
rax, and monitoring of oxygen saturation was recom-
mended.2 Even if fluoroscopy immediately after bronchos-
copy does not reveal pneumothorax, chest radiograph
examination should be performed 2–4 h after bronchos-
copy if patients complain of breathlessness or if oxygen
saturation by pulse oximetry decreases. Regardless of the
presence of chest pain during procedures, operators should
monitor the respiratory status and conduct chest radio-
graph examinations as necessary.

Third, chest tube drainage of pneumothorax after bron-
choscopy was required in 57% of our subjects and in 40–
70% of those reported in previous studies.12,18-22 Accord-
ing to the British Thoracic Society Guidelines for the
management of pneumothorax,23 drainage is needed if pa-
tients complain of breathlessness or in patients with �1 cm
interpleural distance at the hilar level. According to the
American College of Chest Physicians Delphi consensus
statement, insertion of a chest catheter is recommended in
secondary pneumothorax, unless the apex-to-cupola dis-
tance is �3 cm, and in patients who meet all of the fol-
lowing criteria: (1) breathing frequency �24 breaths/min;
(2) heart rate �60 or �120 beats/min; (3) normal blood
pressure; (4) oxygen saturation �90% at room air; and (5)
ability to speak in whole sentences in between breaths.24

Regardless, pneumothorax after bronchoscopy is iatrogenic;
therefore, careful determination of appropriate treatment is
necessary.

Our results provided an important clinical implication:
Careful attention should be paid during bronchoscopy when
target lesions are located close to the interlobular pleura.
In the future, diagnostic bronchoscopy for peripheral lung
lesions will be increasingly used due to the development
of methods such as electromagnetic navigation bronchos-
copy and radial EBUS-guided lung biopsy.

To decrease the risk of pneumothorax, it is necessary to
confirm the tangential direction of pleura. The location of
the biopsy device tip should be confirmed and marked on
fluoroscopy during slow insertion to the peripheral part of
the lung. Operators should not insert the forceps or brush
more distal than this mark. The response of patients to the
procedure should be observed by avoiding undue sedation.
In our study, the dose of midazolam was not significantly
different between the pneumothorax subjects and the con-
trol, probably because the dose of intravenous midazolam
that we used in our hospital was lower than that recom-
mended by the British Thoracic Society guidelines.12

Our study has some limitations. The first was the small
sample size and the retrospective, single-institution nature
of the study design. As a result, the bronchoscopy tech-
niques and procedures varied among cases. Second, the
procedures were performed by different physicians, al-
though specialists were always present to guide the bron-
choscopy procedure. Third, although the control group had
characteristics similar to those of the study group, the
possibility of selection bias could not be ruled out.

Conclusions

Target lesions located close to the interlobular pleura
were 5 times more likely to develop pneumothorax after
bronchoscopy. This study strongly indicated the necessity
of remaining aware of the location of the lesion to be
biopsied. In high-risk cases, the bronchoscopist should pay
close attention and perform maneuvers to prevent pneu-
mothorax after the procedure.
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