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Pneumothorax—either spontaneous or iatrogenic—is commonly encountered in pulmonary medicine. While secondary
pneumothorax is caused by an underlying pulmonary disease, the spontaneous type occurs in healthy individuals
without obvious cause. The British Thoracic Society (BTS, 2010) and the American College of Chest Physicians (ACCP,
2001) published the guidelines for pneumothorax management. This review compares the diagnostic and management
recommendations between the two societies. Patients diagnosed with primary spontaneous pneumothorax (PSP) may
be observed without intervention if the pneumothorax is small and there are no symptoms. Oxygen therapy is only
discussed in the BTS guidelines. If intervention is needed, BTS recommends a simple aspiration in all spontaneous and
some secondary pneumothorax cases, whereas ACCP suggests a chest tube insertion rather than a simple aspiration.
BTS and ACCP both recommend surgery for patients with a recurrent pneumothorax and persistent air leak. For patients
who decline surgery or are poor surgical candidates, pleurodesis is an alternative recommended by both BTS and
ACCP guidelines. Treatment strategies of iatrogenic pneumothorax are very similar to PSP. However, recurrence is not a

consideration in iatrogenic pneumothorax.
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Introduction

A pneumothorax is characterized by dyspnea and chest
pain originating from the lung and chest wall and may in-
terfere with normal respiration owing to the presence of gas
bubbles in the pleural cavity or gas retention in the pleural
space that occur following bullae ruptures. Pneumothorax is
categorized as either spontaneous—pulmonary collapse with-
out any cause—or induced by trauma.

Spontaneous pneumothorax is further classified into pri-
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mary pneumothorax and secondary pneumothorax. Primary
pneumothorax develops following bullae ruptures in healthy
people with no underlying pulmonary disease. Secondary
pneumothorax is caused by rupture of damaged pulmonary
tissue, and occurs primarily in patients diagnosed with pul-
monary disease, such as pulmonary emphysema.

Pathophysiology of Pneumothorax

In a healthy person, the pleural pressure remains negative
relative to atmospheric pressure throughout the entire respi-
ratory cycle. This pressure difference between pulmonary
alveoli and the pleural cavity is called the transpulmonary
pressure, and this pressure causes elastic recoil of lung. In
pneumothorax, the pulmonary alveoli or airway becomes
connected to pleural cavity, and air migrates from the alveoli
to the pleural cavity until the pressures of both areas are in
equilibrium. Similarly, when the chest wall and the pleural
cavity are connected, air moves into the pleural cavity from the
environment until the pressure difference is no longer present
or until the connection is closed. When the air present within
the pleural cavity is sufficient to increase the pleural pressure
from -5 cm H,0 to -2.5 cm H,0, the transpulmonary pressure
reduces from 5 cm H,0, to 2.5 cm H,0, and the pulmonary
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vital capacity decreases by 33%. Space for the influx of pleural
cavity air is created by compressing the lung, which decreases
the vital capacity by 25%. In addition, the intra-pleural cavity
pressure change increases the thoracic volume, resulting in an
alteration of the thoracic wall recoil and an approximately 8%
decline in vital capacity. When the pressure of pleural cavity
increases, the mediastinum moves in the opposite direction,
expanding the thorax of the same side, and depressing the
diaphragm. These changes are observed in tension pneumo-
thorax as well as other types of pneumothorax.

The main physiological change in pneumothorax is a re-
duction of arterial oxygen tension in addition to the reduced
vital capacity. Patients experiencing primary pneumothorax
endure the vital capacity reduction relatively well, but in pa-
tients suffering from secondary pneumothorax and underly-
ing pulmonary disease, the vital capacity reduction can led
to alveolar hypoventilation and respiratory failure. In a study
evaluating 12 patients diagnosed with spontaneous pneumo-
thorax, 9 patients (75%) had a PO,<80 mm Hg, and 2 patients,
who were both diagnosed with secondary pneumothorax,
had a PO,<55 mm Hg'.

Reduced oxygen tension may be caused by an anatomic
shunt and, in some cases, alveolar hypoventilation in the
pneumothorax area created from the reduced ventilation-
perfusion ratio in the pulmonary alveoli. In the aforemen-
tioned 12 patient study, right-to-left vascular shunting oc-
curred at a ratio higher than the 10% mean found in normal
patients'. When the pneumothorax encompasses <25% of a
lateral thorax, vascular shunts do not increase. However, when
the pneumothorax increased beyond this size, the shunts also
increased in size.

Generally, once the air retained in the pleural cavity is re-
moved, oxygen saturation increases within a few hours. For
example, in a patient suffering from pneumothorax and a
shunt >20%, the shunt decreased to <10% within 90 minutes of
evacuating the intra-pleural air, though about 5% of the shunt
still remained'. The slow recovery rate of the shunt was likely
associated with the duration of the pneumothorax.

Causes and Risk Factors

Primary spontaneous pneumothorax (PSP) commonly oc-
curs in tall, thin males aged 10-30 years; a substantial propor-
tion of affected patients have a history of smoking. Smoking is
closely related to the PSP. For example, 91% of patients diag-
nosed with PSP are current or past smokers, and as smoking
increases, the risk of pneumothorax also increases’. Smoking-
associated bronchiolitis likely accounts for the occurrence of
pneumothorax in smokers.

Most PSP cases result from spontaneous rupture of a sub-
pleural bleb or bulla, which leaks air into the pleural cavity. A
pulmonary bleb or bulla is a small air sac formed between the
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lung tissues and pleura, originating from a pulmonary alveoli
enlargement (diameter 1-2 cm) and usually developing at an
apical area”.

There are two purposed mechanisms for bleb or bulla for-
mation. One mechanism is congenital; the upper pulmonary
lobe grows more quickly than the vasculature, causing a lack
of blood supply and development of a bullae. The second
mechanism is related to the pleural cavity pressure, which be-
comes more negative at the apical region of the lungs. In a tall
individual, the negative pleural cavity pressure is increased at
the upper pulmonary lobe, and the alveolar pressure similarly
increases. This increase can cause the formation of numerous
bullae and pneumothoraxes.

Rarely, PSP occurs in persons with specific inherited genes.
Responsible genes have an autosomal dominant inheritance
with a variety of penetrations. Genetic risk factors include
the HLA haplotype A2B40, alpha-1 antitrypsin phenotypes
M1M2, and FBN1 genetic mutation.

Even in patients that have underlying pulmonary diseases
such as asthma or pneumonia, pulmonary abscess, and per-
tussis, PSP may occur; it can even occur in patients diagnosed
with Marfan syndrome or lung cancer.

Secondary spontaneous pneumothorax (SSP), unlike PSP,
develops in patients diagnosed with a pulmonary disorder.
The most common associated etiology is chronic obstructive
pulmonary disease (COPD), also known as chronic bronchitis
or pulmonary emphysema. Multiple bullae can develop in af-
fected patients accompanied by pneumothorax.

1. Clinical manifestations of spontaneous pneumothorax

Ninety-five percent of affected patients complain of acute
and sudden thoracic pain (chest pain) accompanied by short-
ness of breath. This pain may be more severe at inhalation and
localized to the site that the pneumothorax developed. The se-
verity of symptoms such as dyspnea is proportional to the size
of pneumothorax, but 5% of patients may be asymptomatic;
such patients usually have an overall poor systemic condition.
Spontaneous pneumothorax usually occurs at rest, and only
10% of cases occur during exercise”. In patients suffering PSP,
the pain and dyspnea usually resolve within 24 hours, but pa-
tients experiencing SSP usually have more severe symptoms.
When the pleural cavity gas caused by the PSP occupies less
than 25% of the entire pleural cavity, hypoxemia does not de-
velop easily. However, in patients diagnosed with pulmonary
emphysema, even a small amount of intra-pleural cavity gas
can cause serious hypoxemia and hypercapnia.

2. Evaluation of spontaneous pneumothorax
The guidelines published by the American College of Chest

Physicians (ACCP) define a small pneumothorax as a de-
crease in apical length of less than 3 cm’. However, the British
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Thoracic Society (BTS) designates a marginal depth mea-
sured from the chest wall to the outer pulmonary edge of less
than 2 cm as a small pneumothorax, while a marginal depth
of >2 cm is considered a large pneumothorax®’. The ACCP
guidelines only consider a pneumothorax at the pulmonary
apex for evaluation, and therefore the method can be inad-
equate in assessing the pneumothorax volume. On the con-
trary, the BTS guidelines are a bit more objective in assessing
the pneumothorax volume. Under ACCP guidelines, a patient
is considered clinically stable when able to maintain a respi-
ratory rate of less than 24 breaths/min, a pulse rate between
60-120 beats/min, a normal blood pressure, SPO, >90% on
room air, and is able to speak an entire sentence’. BTS guide-
lines consider a patient clinically stable state when there is no
respiratory disturbance®’.

Thoracic computed tomography (CT) is effective at identi-
fying the cause of spontaneous pneumothorax, but the ACCP
does not recommend CT as the basic imaging modality,
whereas BTS does emphasize the technique’s importance in
measuring the pneumothorax volume and differentiating di-
agnoses”’.

3. Treatment of spontaneous pneumothorax

There are three different treatment strategies in addition to
supplying the patient with oxygen, observation, aspiration, or
chest tube placement. Although both ACCP and BTS guide-
lines discuss detailed treatment guidelines for pneumothorax,
they differ in determination of pneumothorax severity and the
importance of aspiration.

1) Oxygen therapy: Gas within the pleural cavity is ab-
sorbed by diffusion and can be facilitated by changing the
composition of the intra-pleural cavity gas. Oxygen is ab-
sorbed 62 times faster than nitrogen, and carbon dioxide (CO,)
is absorbed 23 times faster than oxygen. When the patient
inhales 100% oxygen, nitrogen will disappear from the pleural
cavity, leaving only oxygen, which is absorbed faster from the
pleural cavity into veins.

The absorption rate of intra-pleural cavity gas is approxi-
mately 1.25% per day in ambient air'’; a pneumothorax occu-
pying 25% of the cavity will require 20 days to be completely
absorbed. By contrast, when the patient receives oxygen sup-
plementation, the absorption rate accelerates 3-4 times; this
effect is particularly prominent when a large volume of gas oc-
cupies the pleural cavity'""”. BTS guidelines recommend the
use of high-flow oxygen (10 L/min) in symptomatic patients.
However, caution must be exercised to avoid hypercarbia in
patients with COPD’,

2) Observation: Observation can be performed in both
PSP and SSP cases. Because PSP has a low mortality rate,
stable patients can be carefully observed while the gas is ab-
sorbed passively from the pleural cavity. Both the ACCP and
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BTS recommend observation only of clinically stable patients
diagnosed with a small volume pneumothorax. According
to ACCP guidelines, clinically stable patients should be ob-
served for 3-6 hours and can be discharged home if a repeat
chest radiograph excludes progression of the pneumothorax,
which indicates that the causal lesion has closed. However,
for patients residing far from a hospital or health care center,
admission for observation is best. Even if the patient is not
admitted, the patient should be provided with careful instruc-
tions for follow-up examination within 2 days, depending on
the circumstances. For patients diagnosed with a SSP, both the
ACCP and BTS recommend hospitalizing patients for treat-
ment, even if the pneumothorax is small.

3) Simple aspiration: Aspiration of a pneumothorax is
performed using a small catheter. The catheter is inserted
into the pleural cavity and either removed immediately after
evacuating the air from the pleural cavity or left inserted while
the patient if observed. When left inserted in the thoracic wall,
the catheter is still considered a chest tube despite its small
size. In patients diagnosed with spontaneous pneumothorax,
the mean success rate of aspiration is between 53% and 58%.
Specifically, the mean success rate for PSP is 75%, which is
comparatively higher than the SSP mean success rate of ap-
proximately 37%".

(1) Primary spontaneous pneumothorax: ACCP recom-
mends the use of simple aspiration in clinically stable patients
diagnosed with PSP whose conditions worsen under observa-
tion. However, BTS recommends the use of simple aspiration
in all patients diagnosed with PSP who need intervention. The
BTS guidelines were established based on a study conducted
by Noppen et al."’. The study compared clinical outcomes in
patients diagnosed with PSP who received aspiration with a
16G 1V catheter and chest tube insertion (16F or 20F); there
was no difference in therapeutic effectiveness between the
two techniques, but the hospitalization duration was reduced
in patients receiving simple aspiration. It is worth noting that
the sample size was very small and the treatment protocols of
the two groups were quite different, and therefore, it is difficult
to conclude that there is no difference between two treatment
methods. The BTS guidelines do consider these limitations
and recommends performing simple aspiration only at facili-
ties possessing practical experience in the procedure and rel-
evant equipment’. Further study is required on the therapeu-
tic effectiveness of the simple aspiration and small diameter
chest tube placement.

(2) Secondary spontaneous pneumothorax: While the
ACCP recommends simple aspiration in patients diagnosed
with SSP in a very limited manner, BTS recommends the pro-
cedure for treating small pneumothorax with mild respiratory
symptoms in patients less than 50 years old. The simple aspi-
ration is quite low in the SSP", in particular, the failure rate is
high in patients =50 years old". After performing simple aspira-
tion, the patient should be hospitalized for observation during
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recovery.

4) Chest tube placement

(1) Primary spontaneous pneumothorax: ACCP rec-
ommends the placement of a chest tube in a case of large
pneumothorax, regardless of whether the patient is clinically
stable or unstable, and that in most instances, patients with a
large pneumothorax should be hospitalized. In comparison,
BTS recommends placement of a chest tube when the simple
aspiration procedure fails to resolve the pneumothorax.

(2) Secondary spontaneous pneumothorax: ACCP rec-
ommends either observation or chest tube placement in clini-
cally stable patients diagnosed with a small SSP. In a clinically
stable patient diagnosed with a large pneumothorax or a clini-
cally unstable patient, AACP recommends chest tube place-
ment. BTS also recommends chest tube placement, except in
patients diagnosed with a very small pneumothorax (1-2 cm)
and no respiratory symptoms.

5) Chest tube management

(1) Thickness of chest tube: Both ACCP and BTS recom-
mend physicians avoid placing a thick chest tube in both pri-
mary and SSP. The ACCP does recommend inserting a thick
chest tube (24 to 28F) in a patient experiencing a large-scale
air leak, such as a bronchopleural fistula, or receiving me-
chanical ventilation. In the stable patient diagnosed with PSP,
ACCP recommends a chest tube thickness of 14 to 22F or less.
BTS always recommends using a 14F chest tube, as there is
no evidence that a thick chest tube (20-24F) is more clinically
effective than a thin chest tube (10-14F)".

(2) Suction of the chest tube: The efficacy of suction after
the placement of chest tube is not well verified; one study re-
ported that suction was not an effective treatment in patients
diagnosed with the primary or the SSP". In another study in-
vestigating pneumothorax treatment in 71 patients, the lungs
re-expanded and the air leaks dissipated without the clinicians
performing any suction through the chest tube in 77% of the
patients treated'’. Similarly, in another report, chest tube suc-
tion did not affect the severity of lung collapse'’. ACCP recom-
mends suction only when the lung fails to re-expand following
chest tube placement and observation. BTS does not recom-
mend suction because of the risk pulmonary edema induced
by re-expansion. Alternatively, Suction may be applied if the
air leak lasts > 48 hours or there is no pulmonary re-expansion
after chest tube placement. The BTS also recommends per-
forming suction at a higher velocity and lower pressure (-10
to -20 cm H,0)".

(3) Chest tube removal: Chest tubes should be removed
only when a chest radiograph demonstrates re-expansion of
lung, complete resolution of the pneumothorax, and no clini-
cal evidence of an ongoing air leak'®. ACCP and BTS provide
similar guidelines for the timing of chest tube removal. ACCP
recommends that any suction in progress be suspended
prior to chest tube removal. However, the two organizations
have different recommendations on clamping the chest tube
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closed before its removal. ACCP has a 47% consensus for us-
ing clamping in PSP and a 59% of consensus in SSP. Those
who support clamping express concern for a potential small
air leak and feel that clamping may be useful in locating a leak.
BTS does not recommend clamping when there is no air leak
visible. However, it recommends additional precautions in
observing the patient if clamping is performed”.

6) Definition of persistent air leaks: Intervention to elim-
inate the leak is generally recommended if the air leak persists
for 2 days up to 14 days'**'. ACCP recommends intervention
for air leaks persisting beyond 4 days in PSP cases and over 5
days in SSP cases. BTS recommends thoracic surgery if the air
leaks persist beyond 2 days or if the lung does not re-expand.
If air leaks caused by spontaneous pneumothorax are allowed
to persist, the cost of treatment increases, and the therapeutic
success rate of thoracoscopy decreases™.

7) Interventional procedure for prevention of recur-
rence and air leaks

(1) Surgery: ACCP and BTC recommend surgical inter-
vention to prevent recurrence or to stop persistent air leaks.
Although the advantage of surgical treatment is not clearly
identified yet, ACCP recommends either parietal pleurectomy
and bullectomy, or parietal pleural abrasion of one pleural up-
per half and bullectomy. BTS recommends several possible
interventions including parietal pleurectomy in addition to
parietal pleural abrasion and talc-utilized pleurodesis.

(2) Pleurodesis and Heimlich valve: ACCP recommends
performing pleurodesis, using medications such as talc and
doxycycline administered through the chest tube, in cases of
primary and SSP if the patient declines surgical intervention
or is not a suitable surgical candidate. Similarly, BTS recom-
mends pleurodesis for patients that are not suitable surgical
candidates. Appropriately sized talc may actually reduce the
risk of respiratory failure”. In patients diagnosed with SSP
who cannot undergo surgery, outpatient treatment with a
Heimlich valve may be considered.

(3) Timing of intervention for recurrence prevention of
spontaneous pneumothorax: Excluding persistent air leaks,
85% of ACCP panel members recommend surgical interven-
tion for the second recurrence of PSP, whereas 81% supported
surgical intervention at the first recurrence in cases of SSP. BTS
recommends surgical treatment when the pneumothorax at
the second occurrence on the same side, the first recurrence
on the opposite site, and in cases of bilateral pneumothorax.

latrogenic Pneumothorax

Iatrogenic pneumothorax is increasing owing to the in-
crease in invasive diagnostic and treatment methods. The
most common causes of iatrogenic pneumothorax are trans-
thoracic needle aspiration, subclavian vein catheterization,
thoracentesis, transbronchial lung biopsy, pleural biopsy,
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and mechanical ventilation. Pneumothorax should always be
suspected if the cardiopulmonary function becomes unstable
after these procedures. In some cases, the pneumothorax can
occur immediately after the procedure, but clinicians should
remember that it also could occur several days later. The
clinical profile of iatrogenic pneumothorax is affected by any
underlying diseases and health conditions of patient, as well
as the pneumothorax etiology. A patient in poor general con-
dition may experience severe symptoms even from a small
volume pneumothorax. In addition, when performing positive
pressure ventilation, the pneumothorax volume can increase
more quickly and a tension pneumothorax may result. Trans-
thoracic needle aspiration increases the risk of pneumothorax
when performed on a small lesion located deep in the lung or
when emphysema is present at the biopsy location.

Unlike spontaneous pneumothorax, there is no concern
about recurrence of iatrogenic pneumothorax. Non-invasive
treatment is recommended, depending on the clinical profile
or underlying disease of the patient. Treatment many include
observation, as well as simple aspiration or the chest tube
placement using a small catheter. If the condition occurs in a
patient diagnosed with large volume pneumothorax or COPD,
or during mechanical ventilation, chest tube placement is the
preferred treatment.

Pneumothorax in Specific Form:
Tension Pneumothorax

In tension pneumothorax, air flows into the pleural cavity
during inhalation but is retained in the pleural cavity during
exhalation and thus cannot exit, leading to a gradual increase
in intra-pleural cavity pressure. Tension pneumothorax can
develop from either a spontaneous pneumothorax or trau-
matic pneumothorax. During tension pneumothorax, the
affected lung ipsilateral to the pneumothorax completely col-
lapses, and the contralateral lung and heart are pressurized.
The result is severe dyspnea, cyanosis, and hypotension, lead-
ing to death. Thus, tension pneumothorax should be treated
with immediate needle decompression.
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