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Abstract Background Pneumothorax is the most common complication of computed tomog-
raphy (CT)-guided lung biopsy. The asymptomatic rate ranges from 17.5 to 72%. The
symptomatic rate requiring chest tube insertion is 6 to 18%.
Aims This article studies the role of management of postbiopsy pneumothoraces by
needle aspiration and pigtail catheter insertion.
Methods This was a prospective observational study conducted over 2 years. Post-
biopsy and prior to withdrawing the coaxial cannula a CT data set was obtained to
detect and quantify pneumothoraces as mild, moderate, and severe. In all asymptom-
atic cases of mild pneumothorax simple observation was done. In all asymptomatic
cases of moderate pneumothorax, immediate needle aspiration was performed. In all
symptomatic cases, cases with severe pneumothorax, and cases with progressively
enlarging pneumothorax small caliber 6 to 8F pigtail catheters were inserted.
Results Ninety-one cases had mild pneumothorax, 42 had moderate pneumothorax,
and 18 had severe pneumothorax. In the 91 patients of mild pneumothorax only 1 (1%)
patient showed increase in size of pneumothorax on follow-up requiring catheter
insertion. In the 42 cases of moderate pneumothorax, which were managed by simple
aspiration of pneumothorax, 4 (9.5%) cases showed increase in size of pneumothorax
on follow-up. A total 23 cases required pigtail catheter insertion in our study. These
constituted 15.2% of pneumothorax cases. The mean duration of catheterization in our
study was 3.74�1.09 days.
Conclusion Majority of pneumothoraces are benign and do not require any interven-
tion, just observation. Manual aspiration is an effective way of treating moderate
pneumothoraces with success rate of 90%, thereby reducing the number of cases
requiring catheter insertion; however, close observation is required as few cases may
progress to severe pneumothorax and require pigtail insertion. Only a small percentage
of biopsy cases (6.4%) require catheter insertionwhich is a safe and effective treatment.
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Introduction

Pneumothorax is the most common complication of com-
puted tomography (CT)-guided lung biopsy. The incidence of
pneumothorax varies widely among the various reports. The
asymptomatic rate ranges from 17.5 to 72%. The symptom-
atic rate requiring chest tube insertion is 6 to 18%.1

Many measures can be taken to help prevent the devel-
opment of a pneumothorax and reduce the number of
pneumothoraces requiring chest tube placement. Patients
are instructed not to move, talk, cough, or breathe deeply
during and immediately after the procedure. The use of a
coaxial technique allows multiple specimens to be obtained
with a single pleural puncture. To reduce the number of
pleural punctures, interlobar fissures should be avoided.
Careful planning is necessary to traverse the least amount
of aerated lung without puncturing bullae or pneumatoceles
if possible. Infusion of normal saline to expand the extrap-
leural space and displace the adjacent lung can be performed
to avoid traversing aerated lungwhen biopsying a subpleural
lesion. A technique of obliterating, or “patching,” the needle
track by injecting 2 to 3mL of autologous blood, normal
saline, or gel foam during the final withdrawal of the
introducer needle to minimize the incidence of postbiopsy
pneumothorax may be considered in patients at high risk for
developing pneumothorax. Finally, after removal of the
introducer needle after biopsy, patients should immediately
be positioned with the puncture site down. Oxygen is
administered through a nasal cannula during and after the
procedure to speed the resorption of the pneumothorax if
one does develop. If a pneumothorax develops during the
procedure, it can bemanually aspirated before the introducer
needle is removed or by inserting a separate needle into the
pleural space. The needle is attached to tubing with a three-
way stopcock and 50-mL syringe or is attached directly to a
syringe, and aspiration of the air is performed as the needle is
retracted and removed. Aspiration of the excess pleural air
allows better apposition of the visceral and parietal pleura
and prevents further enlargement of pneumothorax. Chest
tube placement can frequently be avoided using this maneu-
ver. Chest tube placement is indicated if a postbiopsy pneu-
mothorax becomes symptomatic or continues to enlarge on
chest radiographs, usually obtained 1 to 3hours after the
procedure. Small caliber, 6- to 9-French, catheters can be
safely and easily placed under CT guidance. The catheter can
be attached to a one-way Heimlich valve, which allows the
patient to remain ambulatory. Alternatively, the catheter can
be attached to underwater seal drainage device and wall
suction. The chest tube can usually be removed 1 to 2 days
after the procedure. However, in patients with preexisting
pleural effusions, a larger catheter is usually required be-
cause the small catheters invariably become clogged with a
clot or debris.2–7

We studied the role of management of postprocedure
pneumothorax under image guidanceby simple observation,
manual needle aspiration, or inserting a small caliber pigtail
catheter.We believe that by image-guidedmanual aspiration
the rate of catheter insertion in pneumothoraces complicat-

ing CT-guided transthoracic lung biopsies can be reduced,
thereby decreasing the morbidity of the patient.

Aims and Objectives

The aims and objectives of the study were:
To study the role of management of postbiopsy pneumo-

thoraces by needle aspiration and pigtail catheter insertion.

Materials and Methods

This was a prospective observational study conducted over
2 years. Ethical clearance was obtained from institutional
ethical committee. No funding from any sourcewas received.

Inclusion Criteria

• All patients who underwent CT-guided transthoracic lung
biopsy and developed postprocedure pneumothorax.

Exclusion Criteria

• Children<12 years.
• Pregnant women.

Detection and Quantification of Pneumothorax
All biopsies were performed by a 18G semiautomatic biopsy
gun with coaxial system. Prior to withdrawing the coaxial
cannula a CT data set was obtained to diagnose and quantify
pneumothoraces. Pneumothorax was quantified as:

• Mild if seen on CT images after biopsy but with insuffi-
cient space to insert a needle for manual aspiration.

• Moderate if it occupied<30% of hemithorax or occurred
in less than 14 slices (5mm each) on CT.

• Severe if it occupied>30% of hemithorax or occurred
in>14 slices (5mm each) on CT.

Management of Postprocedure Pneumothorax
In all asymptomatic cases of mild pneumothorax simple
observation was done. The patients were kept under obser-
vation and their vitals monitored.

In all asymptomatic cases of moderate pneumothorax,
immediate needle aspiration was done using a 20- or 50-ml
syringe and/or a three-way cannulawhile still on the CT table
till complete resolution of pneumothorax was achieved. The
patientswere kept under observation, given oxygen via nasal
cannula, and their vitals monitored.

In all symptomatic cases, cases with severe pneumotho-
rax and cases with progressively enlarging pneumothorax,
small caliber 6 to 8 French pigtail catheters were placed
under CT guidance. The catheter was attached to an under-
water seal. The patients were kept under observation, given
oxygen via nasal cannula, and their vitals monitored.

Follow-Up
In cases with no or small pneumothorax on immediate
postbiopsy CT scan and in cases in whom needle aspiration
was done, a follow-up simple posteroanterior (PA) erect
check radiograph was obtained at 3hours to detect pneu-
mothorax or sooner if patient became symptomatic. Patients
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with no pneumothorax were discharged and advised to
return immediately to hospital if they become symptomatic.

In cases inwhich pigtail catheter was inserted a follow-up
simple PA erect check radiographwas obtained at 24 hours to
check for resolution of pneumothorax. In patients whose
pneumothorax resolved, the catheter was clamped for
2hours, at which time the chest radiograph was repeated.
If there was no pneumothorax the chest tube (catheter) was
removed. The patient was discharged and advised to return
immediately to hospital if they become symptomatic. In
patients who did not tolerate a clamping trial, the catheter
was reconnected and the procedure repeated after 24 hours.

Data Acquisition and Analysis
After the basic demographic data, following data was
collected:

Size of pneumothorax:

Multiple variables were collected regarding the manage-
ment of pneumothorax:

• Nature of management required, that is, only observation,
only needle aspiration, catheterization as the initial man-
agement, catheterization after simple observation, or
needle aspiration.

• Duration of catheterization.
• Complications or mortality resulting from pneumothorax

if any.

Qualitative data was analyzed by nonparametric tests like
chi-square test. Quantitative data was analyzed by using
tests like Student’s t-test.

Observations and Results

During the course of our study 151 consecutive post-CT-
guided transthoracic lung biopsy pneumothoraces which
occurred during a total of 360 biopsies were evaluated. The
study population consisted of 104 males and 47 females. The

mean age was 60.21�11.37 years and the age range was 30
to 80 years.

Severity of Pneumothorax
Of the 151 patients that developed pneumothorax, initially
91 (60.3%) hadmild pneumothorax, 42 (27.8%) hadmoderate
pneumothorax, and 18 (11.9%) had severe pneumothorax.
However, on follow-up one case of mild pneumothorax and
four cases of moderate pneumothorax progressed to severe
pneumothorax. Therefore, in our study there were 90
(59.6%), 38 (25.2%), and 23 (15.2%) cases of mild, moderate,
and severe pneumothorax, respectively (►Figs. 1–3).

Initial Management
In mild pneumothorax cases only simple observation was
done, in moderate pneumothoraces manual aspiration of

Fig. 1 Mild pneumothorax.

Fig. 2 Moderate pneumothorax.

Fig. 3 Severe pneumothorax.
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pneumothoraxwas performed on table, and severe pneumo-
thoraces were managed by 6F to 8F pigtail catheter insertion
(►Fig. 4).

Follow-Up: Check Radiograph
In the 91 patients of mild pneumothorax only 1 (1%) patient
showed increase in size of pneumothorax on follow-up
requiring catheter insertion. Rest of the 90 (99%) cases
showed no or stable pneumothorax.

In the 42 cases of moderate pneumothorax who
were managed by simple aspiration of pneumothorax, 4
(9.5%) cases showed increase in size of pneumothorax on
follow-up requiring catheter insertion and 38 (90.5%)

cases showed either no pneumothorax or only mild
pneumothorax.

Final Management of Pneumothorax
Of the 151 cases of pneumothorax in our study 90 (59.6%)
cases were successfully managed by simple observation, 38
(25.2%) cases were successfully managed by manual aspira-
tion of pneumothorax, and 23 (15.2%) cases were successful-
ly managed by catheter insertion. None of our patients
required surgery.

Duration of Catheterization
A total 23 cases required pigtail catheter insertion in our
study. These constituted 15.2% of pneumothorax cases and
6.4% of biopsy cases. The mean duration of catheterization in
our study was 3.74�1.09. The range was from 2 to 6 days
(►Fig. 5).

Discussion

CT-guided lung biopsy is usually performed in the outpatient
setting tominimizecosts and inconvenience to thepatient. The
problem most responsible for complicating outpatient man-
agement is not the presence of the pneumothorax per se, but
the size of the pneumothorax with large, severe pneumo-
thoraces requiring chest tube placement. Thus, efforts are
required to decrease the necessity of chest tube placement
for postbiopsy pneumothoraces. A variety of different techni-
ques have been postulated to reduce the risk of worsening
pneumothorax caused by biopsy and the need for chest tube
placement. These includemanualaspirationandmaintaininga
puncture sitedownposition afterbiopsy, although theeffect of
positioning on reducing tube requirement is controversial.3,6

More aggressive methods to prevent worsening of pneumo-
thorax include the placementof gel foam, glue, and autologous
blood clots through the needle tract after biopsy; however,

Fig. 4 Pigtail catheter inserted in a case of severe pneumothorax.

Fig. 5 Duration of catheterization (in days).
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these have not yet found widespread acceptance.7 In 1996,
Yankelevitz et al reported success with manual aspiration at
the time of biopsy for large pneumothoraces, thus avoiding
chest tubeplacement in70%of such cases.8This techniquewas
further advocated by Yamagami et al in a series of studies in
which they performed manual aspiration in all but mild
pneumothoraces irrespective of symptoms.6,9–11 The mecha-
nism of cure of the pneumothorax after manual aspiration is
that the reapposition of the visceral and parietal pleural
surfaces prevent leakage of air.We do not consider all patients
to be good candidates for treatment with aspiration alone. In
caseswith severepneumothoraxor symptomatic pneumotho-
rax the lung can recollapse during the observation period due
to an enlarging pneumothorax and it might not be possible to
immediately place a chest tube. Also, since all these cases have
underlying lung lesions their respiratory reserve might be
compromised. Hence, in the best interests of the patient, we
prefer to place a catheter in cases with severe symptomatic
pneumothoraces.

Our management strategy was predominantly deter-
mined by the size of the postprocedure pneumothorax
whether mild, moderate, or severe. Of the 151 cases of
pneumothorax in our study 90 cases were successfully
managed by simple observation (59.6%), 38 (25.2%) cases
were successfully managed by manual aspiration of pneu-
mothorax, and 23 (15.2%) cases were successfully managed
bycatheter insertion. However, aswe took a check CT prior to
removal of needle out of lung, this might have resulted in
underestimation of detection of pneumothorax in our study.

The majority of pneumothoraces (84.8%) therefore
requires only observation or can be safely and effectively
treated by manual aspiration on table without significantly
increasing themorbidity of the patient, and thus required no
overnight hospital stay and were discharged after few hours
of observation. The overall catheter insertion rate was only
6.4% (15.2% of pneumothorax cases) and these were the only
cases that increased the morbidity of the patient requiring
hospitalization. The mean duration of catheterization in our
study was 3.74�1.09 days. The range was from 2 to 6 days.
Chami et al report a chest tube placement rate of 15.3% (9/59
cases of pneumothorax) and rest of the cases were managed
conservatively. Hiraki et al in their study report a chest tube
placement rate of 11.9% (55/464) of the pneumothoraces. In
the study conducted by Rizzo et al pneumothorax was
treated by placing a chest drain in 13/72 cases (18% of
patients with pneumothorax, 8% of all procedures).12–14

Yamagami et al evaluated the efficacy of simple aspiration
of air from the pleural space to prevent increased pneumo-
thorax and to avoid chest tube placement. They defined
moderate or severe pneumothorax as a pneumothorax
seen on more than seven CT slices (10mm). Patients with a
moderate or severe pneumothorax irrespective of the pres-
ence of symptoms underwent immediate manual aspiration
while on the CT scanner table. Twenty of the 46 pneumo-
thoraces (43.4%)were treated bymanual aspiration, while 26
patients (56.5%) were simply observed. In 43 of the 46
pneumothoraces (93.5%), the pneumothorax resolved
completely on follow-up chest radiographs without requir-

ing tube placement. Only three patients (2.2% of the entire
series; 6.5% of those who had pneumothorax) required chest
tube placement. In our study the percentage of pneumo-
thoraces that were simply observed and those requiring
intervention was similar to their study (59.6% vs. 56.5%
and 40.4% vs. 43.4%). However, our catheter insertion rate
was higher than theirs (15.2% vs. 6.5%) because whereas we
inserted catheters in all severe pneumothoraces they first
performed aspiration in these cases.9

Yamagami et al subsequently reported a series of 102
postbiopsy pneumothorax cases. In 87 of these cases, pneumo-
thorax disappeared spontaneously after manual aspiration.
However, in the remaining 15 cases (14.7% of 102 cases), chest
tube placement was finally required. In another series Yama-
gami et al had 243 pneumothorax cases, 112 (46.1%) of which
were treated with manual aspiration immediately after biopsy.
In 210 (86.4%) cases, the pneumothorax had resolved complete-
ly on follow-up chest radiographs without chest tube place-
ment. Only 33(13.5%) patients required chest tube placement.
Requirement of chest tube insertion significantly increased in
parallel with the degree of pneumothorax as shown on post-
biopsy CT images. The rate of chest tube insertion was statisti-
cally higher in subjects with values for aspirated air above
543mL. In their study size of the pneumothorax (none, mild,
moderate, severe) was the only variable associated with risk of
chest tube insertion. These results are similar to our study. Note
that 84.8% of our pneumothorax cases were managed without
the need for catheter placement and only 15.2% of pneumotho-
rax cases required catheterization.6,11

Conclusion

• Majority of pneumothoraces are benign and do not re-
quire any intervention, just observation.

• Manual aspiration is an effective way of treating moderate
pneumothoraceswith success rate of 90%, thereby reducing
the number of cases requiring catheter insertion. However,
approximately 10% of these cases redevelop/progress to
severe pneumothorax requiring pigtail insertion and there-
fore should be followed up at 2 to 3hours.

• A significant percentage of pneumothorax cases (15.2%)
require catheter insertion resulting in increased morbidi-
ty of the patient requiring hospitalization. However, these
are also safely and effectively managed with few days of
pigtail catheterization.
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