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Abstract: Percutaneous computed tomography (CT)-guided transthoracic needle biopsy 
(TTNB) is a valuable procedure for obtaining tissue or cells for diagnosis, which is 
especially indispensable in thoracic oncology. Pneumothorax and hemoptysis are the 
most common complications of percutaneous needle biopsy of the lung. According to 
reports published over the past decades, pneumothorax incidence in patients who under-
went TTNB greatly varies. The morbidity of pneumothorax after CT-guided TTNB 
depends on several factors, including size and depth of lesions, emphysema, the number 
of pleural surfaces and fissure crossed, etc. Attention to biopsy planning and technique and 
post-biopsy precautions help to prevent or minimize potential complications. Many mea-
sures can be taken to help prevent the progression of a pneumothorax, which in turn might 
reduce the number of pneumothoraces requiring chest tube placement. A multitude of 
therapeutic options is available for the treatment of pneumothorax, varying from observa-
tion and oxygen treatment, simple manual aspiration, to chest tube placement. When 
a pneumothorax develops during the biopsy procedure, it can be manually aspirated after 
the needle is retracted back into the pleural space or by inserting a separate needle into the 
pleural space. Biopsy side down positioning of the patient after biopsy significantly 
reduces the incidence of pneumothorax and the requirement of chest tube placement. 
Aspiration in biopsy side down position is also recommended for treating pneumothorax 
when simple manual aspiration is unsuccessful or delayed pneumothorax occurred. Chest 
tube placement is an important treatment strategy for patients with a large or symptomatic 
pneumothorax. Clinicians are encouraged to understand the development, prevention, and 
treatment of pneumothorax. Efforts should be made to reduce the incidence of pneu-
mothorax in biopsy planning and post-biopsy precautions. When pneumothorax occurs, 
appropriate treatment should be adopted to reduce the risk of worsening pneumothorax. 
Keywords: pneumothorax, lung biopsy, aspiration, chest tube placement, computed 
tomography, CT

Introduction
Pneumothorax refers to a medical condition marked by the presence of air in the 
pleural space, which can be subdivided into spontaneous pneumothoraces and 
traumatic pneumothoraces according to the aetiology.1 Traumatic pneumothoraces, 
also known as known as iatrogenic pneumothorax, occur as a result of direct or 
indirect injury to the chest in medical practice. Percutaneous computed tomogra-
phy–guided TTNB is a well-established and safe investigation technique used to 
obtain tissue specimens. TTNB includes two basic techniques for sample 
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acquisition, fine needle aspiration biopsy, and core biopsy. 
Fine needle aspiration biopsy is applied to extract cells for 
cytologic evaluation. Core biopsy is adapted with a cutting 
mechanism that is inserted into an organ or region of 
interest to extract tissue for histologic evaluation.1 It is 
widely accepted that core biopsy of lung lesions has 
advantages over the fine needle aspiration biopsy as core 
biopsy can obtain adequate specimens for histopathology 
diagnosis.2 CT-guided TTNB has been performed in the 
outpatients as a way of minimizing costs and inconveni-
ence to the patient, providing high diagnostic accuracy, 
and generating a relatively low complication rate. 
Pneumothorax is the most frequent and potentially danger-
ous complication after lung biopsy, despite the majority of 
patients remaining asymptomatic and not requiring further 
treatment.3,4 The complication of a pneumothorax per se is 
not highly problematic, but chest pain, shortness of breath, 
and hypoxia caused by pneumothorax may increase the 
need for chest tube placement and patient hospitalization.

The prevention and treatment of pneumothorax is 
a matter of particular interest, and numerous modifications 
have been evaluated in an attempt to reduce the incidence 
of pneumothorax and the necessity of chest tube place-
ment. To date, several studies have evaluated the mechan-
isms of TTNB-related pneumothorax and its management. 
This article focuses on the current opinion on the preven-
tion and management of pneumothorax after CT-guided 
biopsy.

Incidence and Etiology
Pneumothorax is the most common complication after 
lung biopsy. The rate of pneumothorax varies widely 
across different studies. The latest meta-analysis4 investi-
gated risk factors and pneumothorax rates after percuta-
neous lung biopsy in 23,104 patients from 36 articles. The 
pooled overall pneumothorax incidence was 25.9% (ran-
ging from 4.3% to 52.4%), and the pooled incidence of 
pneumothorax requiring chest tube placement was 6.9% 
(ranging from 0% to 15%). These results are generally in 
concordance with the guideline of the Society of 
Interventional Radiology.5 The variable incidence is prob-
ably caused by various baseline characteristics, biopsy 
techniques, and analytical methods.

In most cases, a pneumothorax is caused by 
a traumatic injury to the lung or chest, such as a rib 
fracture or penetrating injury. Air does not enter into 
the pleural space because the chest wall and visceral 
pleura are actual physical barriers to entry. After a lung 

biopsy, one of the following events is most likely to 
occur in pneumothorax:6 (1) communication between 
alveolar spaces and pleura, (2) direct or indirect commu-
nication between the pleural space and the atmosphere. 
An unskilled procedure may result in direct or indirect 
communication between the pleural space and atmo-
sphere, while visceral pleural laceration is regarded as 
the critical factor in lung biopsy–induced pneumothorax, 
especially for moderate to a large volume. 
A pneumothorax can range from asymptomatic to poten-
tially life-threatening based on the size, rate of develop-
ment, and health of the underlying lung. The majority of 
cases of small pneumothorax after needle biopsy are 
asymptomatic and spontaneously resolved. Acute ipsilat-
eral chest pain and dyspnoea are the most common 
symptoms in the acute presentation of pneumothorax, 
and with a tension pneumothorax, the patient may 
become tachycardic and hypotensive and develop 
cyanosis.

Factors Influencing the 
Pneumothorax Formation
Multiple studies have assessed potential risk factors corre-
lated with the development of pneumothorax after TTNBs. 
The incidence of pneumothorax depends on several fac-
tors, where some risk factors are consistent, and others are 
inconsistent or remain controversial. These factors may be 
broadly classified into the patient-, and procedure-related 
factors. The factors that may contribute to the occurrence 
of pneumothorax are listed in Box 1.

The presence or severity of emphysema, smaller lesion 
size, and greater lesion depth are associated with a higher 
likelihood of associated pneumothorax. It is widely 
accepted that emphysema is the main factor influencing 
the incidence of pneumothorax after CT-guided needle 
biopsy, and physicians are reluctant to perform lung 
biopsy in some cases with outstanding emphysema. 
However, others have reported that emphysema was not 
associated with an increased risk for pneumothorax.7 It has 
been suggested that theoretically, smaller lesions with 
deeper location require more redirection to reach lesions 
compared with superficial and large lesions, thus causing 
torque at the pleural surface and expanding the pleural 
puncture.

According to previous studies,8–10 lower lobe location 
is regarded as a risk factor for pneumothorax compared to 
the upper and middle lobe location, mainly due to greater 
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respiratory motion of the lower lobe. However, investiga-
tors have reported delayed pneumothorax more frequently 
occurring in upper lobes,11–13 which was not consistent 
with previous studies in which all cases of pneumothorax 
were included regardless of the onset. In general, lower 
lobe location with great movement may lead to the early 
appearance of pneumothorax, and upper lobe location with 
less movement may result in the late appearance of pneu-
mothorax. Breath-hold after forced expiration is recom-
mended during the biopsy procedure and needle extraction 
to reduce the movement.14

Shiekh et al7 did not report significant differences in 
the rates of pneumothorax of needle gauge. However, two 
large patient samples studies by Geraghty et al15 and 
Kuban et al16 demonstrated a significant reduction in 
pneumothorax rate when using the smaller coaxial needle 
with a 19-gauge guide needle versus an 18-gauge needle. 
Shallow needle trajectory angle was considered as a risk 
factor for pneumothorax.8,17,18 It is believed that the nee-
dle at a shallow angle may result in an elongated and 
larger pleural hole compared to a needle inserted perpen-
dicular to the pleura. Also, the greater angulation might 
have some connection with fewer attempts in hitting the 
nodules by a single insertion. The pneumothorax risk 
increases with an increasing number of pleural puncture 
passes, the number of biopsies, and traversal of the 
fissure.7 A possible explanation for this finding is that 

the up-and-down movement of the needle tip during the 
biopsy procedure results in greater injury to the pleura and 
more tearing of adjacent lung parenchyma, which may 
cause an increase in the amount of air leakage. Post- 
biopsy precautions, such as positioning and refraining 
from coughing, are also important factors influencing the 
incidence of pneumothorax. Some researchers have 
reported that positioning the patient with the biopsy side 
down after the needle is removed can reduce the rate of 
overall pneumothorax.19,20 It is presumed that “dependent 
atelectasis” after biopsy side down position prevents air 
delivery to the pleural-puncture site and also provides 
a physical barrier to further air leakage after the formation 
of pneumothorax.

It remains controversial whether age and needle gauge 
are correlated with the incidence of pneumothorax. On the 
contrary, gender and type of lesion were not reported to be 
correlated with the incidence of pneumothorax. Many of 
the patient or lesion-related factors such as age, lesion 
depth, and lesion size cannot be changed. Special attention 
should be paid to the factors influencing the biopsy pro-
cedure and post-biopsy precautions.

Preventive Measures
Breath-Hold Maneuver
Multiple maneuvers have been applied according to the 
risk factors to reduce the incidence of pneumothoraxes 
during and after lung biopsies. Careful planning is needed 
to choose the shortest distance from the visceral pleura to 
the lesion and reduce the number of pleural punctures 
while crossing a fissure and vessels should be avoided. 
The deep expiration and breath-hold maneuver is com-
monly recommended during biopsy procedures. Min et al21 

assessed the effect of a breath-hold after forced expiration 
maneuver on the rate of pneumothorax after TTNB in 440 
patients. The breath-hold group had a significantly lower 
risk of pneumothorax compared with the control group 
(8.2% vs 15.8%). This technique stabilizes the positions 
of the target lesions, diaphragm, pleural planes, and fis-
sures, thus ensuring easier access to target lesions. 
Nevertheless, breath-hold can be extremely difficult during 
some patients’ procedure because of concomitant diseases, 
stress, or fatigue.

Needle Path Plug
Injection of various substances like autologous blood, 
normal saline, or gelfoam into the needle path while 

Box 1 Factors May Influence the Pneumothorax Formation After 
CT-Guided Lung Biopsy

Patient factors
Presence of emphysema

Lesion size

Lesion depth
Lobe location

Breath-holding instructions

Lesion contact with pleura

Procedure factors
Experienced operators
Number of pleural passes

Number of biopsy

Traversal of a fissure
Needle gauge

Needle trajectory angle

Notes: In patient-related factors, the presence or severity of emphysema, smaller 
lesion size, greater lesion depth, and lower lobe location are associated with 
a higher likelihood of pneumothorax, while breath-holding instructions and lesion 
contact with pleura are associated with a lower risk. In procedure-related factors, 
unskilled operators, number of pleural passes/biopsies, traversal of a fissure, greater 
needle gauge and shallow needle trajectory angle are associated with a higher 
likelihood of pneumothorax.
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withdrawing the introducer needle has been reported to 
successfully reduce post-biopsy pneumothorax.22 The inci-
dence of pneumothorax in patients treated with an auto-
logous blood clot seal (ABCS) at the removal of the 
biopsy sheath widely varies despite the use of similar 
techniques. This technique was prepared by removing 
blood from an antecubital vein and injecting it at the 
level of the biopsy, filling the entire track to the visceral 
pleura. However, the blood injected into the biopsy track 
differs from non-clotted blood to clotted blood. Lang et al23 

reported a different clotted blood technique. Then, 
0.5–3.0 mL of the clot and 0.5–1.5 mL of supernatant 
were injected at the level of the biopsied nodule, filling 
the entire track to the visceral pleura. Pneumothorax 
occurred in 4 out of the 45 patients (9%) who received 
autologous blood clots and in 14 out of the 32 patients 
(47%) without autologous blood clots. The systematic 
review and meta-analysis conducted by Huo et al20 

demonstrated that the blood patch technique by Lang 
et al had the best reduction in pneumothorax rates, fol-
lowed by the non-clotted blood and, finally, non- 
fragmented clotted blood. Li et al22 performed 
a prospective, randomized, controlled trial to investigate 
whether the use of the normal saline tract sealant influence 
the rate of pneumothorax. The incidence of pneumothorax 
was 6.2% in normal saline tract sealant and 26.1% in the 
control group. Another prospective study24 also demon-
strated normal saline tract sealant was an effective techni-
que to reduce the overall pneumothorax incidence and 
requirement of chest tube placement. Normal physiologi-
cal saline solution is ubiquitously available, low cost, 
without adverse reactions, and simple to handle. Those 
results are consistent with the premise that pulmonary 
hemorrhage along the needle track represents a protective 
factor against the development of pneumothorax.3 

A possible physiological mechanism is that the substances 
fill the biopsy tract, thus creating a barrier, which prevents 
air from traveling from the alveoli to the negative pressure 
zone of the pleural space.

Biopsy/Puncture Site Down Position or 
Rollover Technique
In 1982, Zidulka et al25 were first to report that placing dogs 
in the lateral decubitus position with the puncture site down 
reduced the incidence of pneumothorax after a pleural punc-
ture. In 1990, Cassel et al26 reported the rollover technique, 
which requires turning the patient in a direction opposite to 

that of the needle stick immediately after needle removal, 
significantly reduced the incidence of pneumothorax after 
percutaneous lung biopsy from 20% to 5%. Physicians 
defined this procedure as biopsy/puncture site down posi-
tioning or rollover technique. Although some studies have 
reported that biopsy side down position may not affect the 
incidence of post-biopsy pneumothorax,27–29 much more 
investigators have reported favorable results.30–32 

Kinoshita et al33 performed the lung biopsy with 
a puncture site down position through a window in the CT 
bed. Although this approach was useful in reducing the rate 
of pneumothorax, it was not widely utilized because it was 
ergonomically difficult for the operator as it requires needle 
manipulation from below the CT bed. Drumm et al32 per-
formed a retrospective study to investigate the relationship 
between patient position and pneumothorax. In the standard 
prone or supine group, 184 patients were positioned in prone 
or supine position depending on the most direct needle path 
to the lesion, avoiding the fissures. In the biopsy-side down 
group, 189 patients were positioned in the lateral decubitus 
position with the biopsy side down for biopsies. 
Pneumothorax occurred in 50 out of 184 (27.2%) patients 
who were positioned in either prone or supine position, and 
in 20 out of 189 (10.6%) patients who were positioned 
biopsy side down. These results demonstrate that position-
ing a patient biopsy side down for lung biopsy can reduce 
the rate of pneumothorax compared with the standard supine 
or prone position. However, another study34 applying 
a similar approach showed that an ipsilateral-dependent 
position did not significantly reduce the pneumothorax 
rate. In fact, placing the patient in an ipsilateral-dependent 
position is not always possible compared to the standard 
prone or supine position. More studies prefer to rapidly 
rollover patients to the biopsy–side–down position after 
the needle was removed. It was noted that the time between 
removal of the needle and placing the patient biopsy-side 
down position influences the incidence of pneumothoraces. 
O’Neill et al19 published their view on the effect of a rapid 
needle-out patient-rollover time approach on the rate of 
pneumothorax after lung biopsy. They conducted a study 
on 201 patients who underwent percutaneous CT-guided 
lung biopsy. The first group included 81 biopsies, in which 
the biopsy needle was immediately removed at the end of 
the biopsy procedure, and the patient was rolled over onto 
the stretcher to the biopsy side down position without 
emphasis on rollover time. In the second group, 120 biop-
sies were performed with a rapid needle-out patient-rollover 
time approach as quickly as possible (defined as the time 
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between removal of the biopsy needle and placing the 
patient biopsy-side down). The mean rapid needle-out 
patient-rollover time in the second group was 9.5 s. A sig-
nificant decrease in the number of pneumothoraces (23% vs 
37%) and a decrease in the number of drainage catheter 
insertions was noted in group 2 compared with group 1 (4% 
vs 15%).

Biopsy site–down positioning of the patient after 
biopsy significantly reduced the incidence of pneu-
mothorax and the requirement of chest tube placement. 
The pathophysiologic basis for the substantial reduction 
in the incidence of pneumothorax after puncture- 
site–down position immediately after needle withdrawal 
could be complicated. Puncture-site down positioning may 
be beneficial for the visceral and parietal pleura symphysis 
and reduction in the size of alveoli, creating a physical 
barrier to further the leakage of air. Reduction of alveolar- 
to-pleural pressure gradient and accumulation of hemor-
rhagic fluid around the puncture site was reported to be 
other two contributing factors.34,35 It was suggested that 
immediately after completing the procedure, patients 
should be positioned in a “biopsy side down” position 
for at least 1 hour. It is suggested that the above 
approaches should be flexibly combined before, during, 
and after the biopsy procedures to reduce the rate of 
pneumothorax, thus avoiding chest tube placement.

Management Strategies
Conservative Treatment
Most complications occur immediately or within the 
first hour after the biopsy. In determining treatment strate-
gies, the size of pneumothorax is less important than the 
severity of clinical compromise, with breathlessness indi-
cating the need for active intervention. A multitude of 
therapeutic options is available to reduce the risk of wor-
sening pneumothorax caused by biopsy and the need for 
chest tube placement. Observation and oxygen supplemen-
tation is recommended for patients with limited pneu-
mothorax without symptoms. Observational management 
has been recommended for stable pneumothorax by both 
the American College of Chest Physicians (ACCP) and 
British Thoracic Society (BTS) guidelines.36,37 Deep 
breaths and coughing should be avoided and mobility 
should be limited after the biopsy. Patients should be 
supervised if they develop shortness of breath, chest 
pain, or other symptoms to prevent progression of the 
pneumothorax. Immediately after the biopsy procedure, 

a CT scan is performed to determine the presence of the 
procedure-related complications. Also, patients should 
undergo follow-up chest radiographs or CT to determine 
whether the pneumothorax is progressive. It has been 
suggested that the outpatient can be discharged home 
when no symptoms of pneumothorax aggravation are 
noticed after about 6 h of observation, and the patient 
should return to the hospital if symptoms developed or 
diminishing oxygen saturation occurs. Oxygen supplemen-
tation at a rate to maintain adequate oxygenation should be 
used with most pneumothorax patients, as it is beneficial in 
ameliorating the accompanying hypoxemia that may per-
sist even after drainage of a pneumothorax. It has been 
reported that oxygen supplementation increases the base-
line pleural air reabsorption rate three- to fourfold from 
1.25% per day of the involved hemithorax without supple-
mental oxygen.38 The operators should be able to identify 
and appropriately manage the complications after lung 
biopsy procedures.

Simple Manual Aspiration
In 1996, the simple manual aspiration was first reported by 
Yankelevitz et al39 as a method for preventing the progres-
sion of the large pneumothorax resulting from TTNB, 
which avoided tube placement in 12 out of 17 patients 
(70.6%). Many studies40–42 have suggested that simple 
manual aspiration of post-biopsy pneumothorax performed 
immediately after biopsy may prevent further progression 
of pneumothorax and subsequent chest tube placement. 
BTS guidelines on the management of biopsy-induced 
pneumothorax suggest initial treatment by aspiration.43 

The needle from the lesion is retracted back into the 
pleural space, or a needle is inserted near the initial biopsy 
site advanced into the pleural space to perform the simple 
manual aspiration. Manual aspiration, which is effective at 
preventing progression of the pneumothorax, might exert 
its effect through the close apposition of the visceral and 
parietal pleural surfaces after the procedure that create 
a physical barrier to further leakage of air. When visceral 
pleural injury is small, the air leak is completely stopped 
after the aspiration. However, if the closure of a visceral 
pleural rupture does not occur fast enough for the physical 
barrier to be created, pneumothorax would develop despite 
manual aspiration and management with a chest tube 
would be needed.

Simple manual aspiration has been reported as a safe 
and effective therapy, whose efficiency greatly varies.35,39 

There are still many pneumothorax patients who need 
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chest tube placement. According to their experience with 
biopsy side down positioning for prevention of pneu-
mothorax, Yaffe et al35 developed “ipsilateral opposite 
side aspiration” as a simple, inexpensive new technique 
for managing pneumothorax. An 18-gauge needle was 
inserted near the initial biopsy site and advanced into the 
pleural space for simple aspiration, which was successful 
in 20 out of the 27 cases. In cases where aspiration was 
unsuccessful, the patient was reversed to the side opposite 
the biopsy puncture site, and aspiration was repeated, 
which was successful in six out of the remaining seven 
patients. Zeng et al44 reported an “opposite position aspira-
tion (from prone to supine or vice versa)” in a larger study 
sample with an encouraging result. Eighty-two pneu-
mothorax patients were treated with simple manual aspira-
tion that was successful in 58 (70.7%) cases. An opposite 
position (from prone to supine or vice versa) aspiration 
was applied to the remaining 24 cases, which was success-
ful in 22 patients, and only two cases needed chest tube 
placement. Applying the modified method, the total effec-
tive rate of aspiration significantly improved from 70.7% 
(58/82) to 97.6% (80/82), thus reducing the use of chest 
tube placement. Although these two studies were not pro-
spective, randomized controlled studies, the reported 
results suggested that the biopsy side down aspiration 
might be an effective treatment for lung biopsy–induced 
pneumothorax.

The pathophysiologic basis for this is likely due to 
many factors.44 biopsy side down positioning for aspira-
tion may be beneficial for the visceral and parietal pleura 
symphysis and accumulation of blood within the needle 
tract, which creates a physical barrier to further leakage of 
air. This procedure does not increase the alveolar-to- 
pleural pressure gradient surrounding the leak region com-
pared to aspiration near the initial biopsy site (Figure 1). 
Interestingly, Zeng et al45 found that in some pneu-
mothorax patients who have difficulty turning biopsy 
side down, manual aspiration with puncture site away 
from initial biopsy one is worth trying to deal with post- 
biopsy pneumothorax. These results were consistent with 
the hypothesis of alveolar pressure gradient. A case of 
successful treatment for pneumothorax in biopsy side 
down position is shown in Figure 2. The attractiveness of 
manual aspiration is its potential for an outpatient treat-
ment, minimal invasiveness, and its relative simplicity. 
This effective procedure should be the first method of 
treatment as it markedly shortens the length of hospitaliza-
tion, thus significantly reducing treatment costs.

Management of Delayed 
Pneumothorax
While pneumothorax frequently occurs during or immedi-
ately after biopsy, TTNBs are suspected and readily diag-
nosed, serious problems may arise when a pneumothorax 
presents as a delayed complication. The term “delayed 
pneumothorax” is not clearly defined. Pneumothorax that 
develops 3 or 4 hours after TTNB has been defined as 
delayed pneumothorax in some reports,13,46 while other 
authors suggest that pneumothorax should be considered 
as “delayed” when it was first detected in follow-up after 
biopsy.30 The risk factor, reason and mechanism of the 
delayed presentation of pneumothorax are not well known. 
It is speculated that immediate or delayed occurrence of 
pneumothorax depends on the severity of injury, the speed 
of air leakage, and expansibility of the targeted lung and 
overlying pleura. Some patients had a history of coughing 
or sudden exertion prior to delayed pneumothorax, which 
indicated it might be related to the displacement of pleural 
blood clots formed following the biopsy procedure. Many 

Figure 1 The model of biopsy side down aspiration for treatment of pneu-
mothorax. (A) Air tends to leak when aspiration is performed near the initial 
biopsy site because of increased alveolar-to-pleural pressure gradient. (B) The 
“dependent atelectasis”, which occurs in biopsy side down position, provides 
a physical barrier to further air leakage, and the aspiration does not increase the 
alveolar-to-pleural pressure gradient around the puncture site.
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operators have found that delayed pneumothorax is not 
a rare event, with incidence ranging from 2% to 9%.13 

Delayed pneumothorax showed higher requirement of 
chest tube insertion compared to immediate pneu-
mothorax, ranging from 7.1% to 29.6% of the overall 
rate of pneumothorax.11 Therefore, the treatment of this 
condition is clinically significant.

Simple aspiration and chest tube placement are the 
main maneuvers recommended to deal with the delayed 
pneumothorax. The influence of puncture site on aspiration 
as an initial treatment for biopsy-induced delayed pneu-
mothorax is interesting. Zeng’s study30 demonstrated that 
aspiration in the biopsy-side down position had an 
encouraging result compared to aspiration on the same 
side as the biopsy. They included 35 patients in group A, 
for whom aspiration was performed in the same position 
as the biopsy, and 54 patients in group B, for whom 
aspiration was performed after biopsy-side down position-
ing. The overall effective rates were 74.3% and 92.6%, 
respectively. This approach is worth trying before chest 
tube placement in the treatment of delayed pneumothorax. 
The chest tube placement is recommended when patients 
suffered from tension pneumothorax, severe dyspnoea and 
hypoxaemia.

Chest Tube Placement
The immediate goal of simple aspiration is to eliminate 
intrapleural air from the pleural cavity and simultaneously re- 
expand the collapsed lung. Still, this procedure may be 
insufficient when the parenchymal tear is large and carries 
a risk of short-term recurrence because it does not promote 
pleural symphysis. A certain number of patients will require 
chest tube placement for treatment of pneumothorax. As this 
management can theoretically irritate the pleura, promoting 
pleural symphysis, it might have less risk for recurrence than 
aspiration.47 Although chest tube placement has been asso-
ciated with more complications and a longer stay in hospital 
than a simple aspiration, it plays an important role in the 
management of unstable patients with a large or recurrent 
pneumothorax. When the patient developed tension pneu-
mothorax or suffered from severe dyspnoea and hypoxaemia, 
chest tube should then be applied for immediate air evacua-
tion followed by recurrence prevention, and patients should 
be hospitalized. Patients with delayed enlarging pneu-
mothorax are considered to have an air leakage, which has 
continued beyond the immediate post-biopsy period, and 
may have higher risk of persistent air leak. Small bore chest 
tubes are usually sufficient, and large-bore chest tubes are 
recommended when large air leaks are suspected.

Figure 2 Biopsy side down aspiration approach in a 63-year-old male. (A) A 19-G puncture needle was inserted into the lesion for biopsy. (B) A small amount of 
pneumothorax was developed. (C) The patient was turned to the biopsy side down position for aspiration when the pneumothorax progressed into moderate or large 
volume. (D) The pneumothorax almost completely disappeared after the manual aspiration.
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In general, small and asymptomatic pneumothoraces 
often do not need any treatment and resolve sponta-
neously. When the pneumothorax is moderate, or the 
patient is symptomatic, simple aspiration is required 
when patient is still on the CT scanner table biopsy side 
down aspiration is an important supplementary method 
that is worth trying before chest tube placement. 
Additional treatment with tube placement should be con-
sidered when none of the above methods are effective. The 
recommended algorithmic approach for the treatment of 
lung biopsy-induced pneumothorax is shown in Figure 3. 
The decision is based on a combination of patient symp-
toms, pneumothorax size, and underlying cardiopulmonary 
disease.

Summary
Lung biopsy is a popular and widely accepted procedure 
for obtaining samples of lung tissue for evaluating an 
undiagnosed pulmonary nodule or mass. Recent advances 

in interventional pulmonology have further revolutionized 
the diagnosis and treatment of lung masses and nodules. 
Pneumothorax is the most common and sometimes inevi-
table complication of lung biopsy. It is very important to 
understand the mechanism, prevention, and treatment of 
pneumothorax. Accurate planning of the biopsy procedure, 
which takes into account blood vessels, emphysema, fis-
sures, is associated with a reduction in post-biopsy pneu-
mothoraces. Further simple post-biopsy precautions, such 
as recumbent positioning, refraining from coughing, and 
sitting up unassisted are recommended. When pneu-
mothorax occurs, different options are available from 
observation, aspiration, to chest tube placement. The sim-
ple manual aspiration, which enables the removal of air 
from the pleural cavity, should be used more often. The 
biopsy side down positioning for aspiration, which offers 
a solution for patients who remain with resistant pneu-
mothorax after simple aspiration, is worth trying before 
chest tube placement. Low pneumothorax incidence and 

Figure 3 A recommended algorithmic approach to the treatment of lung biopsy–induced pneumothorax.
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rate chest placement can be achieved by combining several 
techniques.
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