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According to Boyle’s law, as the pressure falls, the volume of
gas rises in an inversely proportional manner. This means that
during an aircraft flight, the volume of trapped air in gas filled
body chambers will increase. As a consequence, it is fairly well
established that individuals with an untreated pneumothorax
should not participate in commercial flying due to the risk of it
enlarging and the possible development of tension. However,
whether this also applies to individuals who have a long-
standing, clinically stable pneumothorax is uncertain. The
following article describes two adult patients each with a
chronic pneumothorax who asked whether they would be fit to
fly in an aircraft. We outline their histories and subsequent
evaluation which consisted of clinical assessment, computed
tomographic imaging, a hypoxic challenge test and exposure
to a hypoxic hypobaric environment in a decompression
chamber.

A
dvice for individuals with respiratory disorders concern-
ing fitness to fly in commercial aircraft has previously
been lacking clear methodology and consistency.1 As a

consequence, the British Thoracic Society Standards of Care
Committee (London, UK) has developed evidence-based guide-
lines to advise and manage patients with respiratory diseases
who wish to fly.2 Without definitive intervention, individuals
with an untreated pneumothorax should not participate in
commercial flying. Whether this advice applies to patients with
a long-standing pneumothorax is uncertain as there is a paucity
of literature guiding clinicians and patients in this respect. We
report two adult patients with persistent pneumothoraces who
underwent a normobaric hypoxic challenge test to identify
significant desaturation.3 This involved patients breathing 15%
oxygen at sea level to mimic the reduced inspiratory oxygen
pressure to which they would be exposed during a typical
commercial flight. Only after this was performed with an
acceptable fall in oxygen saturation did the individuals proceed
to cabin altitude simulation in a hypobaric chamber (hypobaric
hypoxia), where full cardiorespiratory resuscitation facilities
were available. The pre-flight assessments in both patients
proved satisfactory, and one of them (case 1) has successfully
flown on commercial transatlantic flights.

CASE 1
A 36-year-old male smoker (15 pack years) was admitted to
hospital with progressive respiratory failure secondary to
varicella pneumonitis with superadded staphylococcal infec-
tion. Although intubated and mechanically ventilated, his
progress was complicated by adult respiratory distress syn-
drome and the development of bilateral pneumothoraces,
which required multiple chest drain insertions. Two months
after discharge, he was readmitted with a further right
pneumothorax, which was treated with a chest drain.

Subsequent follow-up showed a persistent loculated pneu-
mothorax in the left upper zone. At clinic review 4 years after
initial presentation, he enquired whether he was fit to fly.

Forced expiratory volume in 1 s was 2.7 l, forced vital capacity
was 3.3 l (predicted values 4.1 and 5.0 l, respectively), carbon
monoxide transfer factor was 5.5 mmol/min/kPa (predicted
11.5 mmol/min/kPa) and resting oxygen saturation was 98%.
Computed tomography of the chest showed a small left
pneumothorax (estimated volume 110 ml) and thickened
pleura overlying the lung surface (fig 1). During a hypoxic
challenge test breathing 15% oxygen, his saturation fell to 90%.
An altitude chamber trial was then performed involving a
simulated ascent to 8000 feet (2438 m) over 15 min, at 8000
feet (2438 m) for 20 min and descent over 10 min. During
altitude simulation, the patient remained asymptomatic and
oxygen saturation fell to 90%. As a consequence of the
assessment, he was considered fit to fly and has completed
over a dozen flights, mostly transatlantic, without difficulty.

CASE 2
A 31-year-old female smoker (20 pack years) initially presented
to cardiothoracic surgeons with a spontaneous right-sided
pneumothorax. She had sustained two previous spontaneous
right-sided pneumothoraces, each requiring treatment by chest
drain insertion. She successfully underwent a partial parietal
pleurectomy with stapling of bullae and was asymptomatic on
discharge.

She subsequently developed three separate left pneu-
mothoraces, each of which resolved without intervention.
After referral for surgery, she proceeded to video-assisted
thoracoscopic (VATS) stapling of bullae and talc pleurodesis.
Over the next 18 months, she developed three further
spontaneous right pneumothoraces and was referred back to
the cardiothoracic surgeons and underwent a right VATS
pleurodesis. Her hospital stay was prolonged because of
difficulties with lung re-expansion post-operatively, and at
the time of discharge she continued to have a residual right
apical pneumothorax.

The following year the patient enquired as to whether she
was fit to fly. Spirometry was within the normal range with a
forced expiratory volume in 1 s of 2.65 l and a forced vital
capacity of 3.3 l with carbon monoxide transfer factor being
mildly impaired at 6.4 mmol/min/kPa (predicted 9.5 mmol/
min/kPa). Computed tomography imaging of her chest showed
emphysematous changes and a loculated right-sided pneu-
mothorax (estimated volume 250 ml) with thickened pleura
over the lung surface (fig 2). During a hypoxic challenge test
breathing 15% oxygen, her saturation fell from 98% at room air
to 93%. She went on to have an altitude chamber test involving
simulated ascent to 8000 feet (2438 m) with ascent and descent
over 15 min. This was tolerated without symptoms and her
oxygen saturation fell to a minimum of 92%. She was therefore
considered fit to fly in commercial aircraft.

DISCUSSION
Air travel provides an accessible and inexpensive transport
modality for an increasing number of people and therefore

Abbreviation: VATS, video-assisted thoracoscopy
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includes individuals of varying ages (even the extremes) and
with a variety of medical problems. Pneumothoraces can be
primary—commonly affecting healthy slim young males—or
secondary. Their development has implications for those
exposed to changes in atmospheric pressure—for example,
during diving4 and flying. The precise mechanism surrounding
the development of a pneumothorax is unclear, but rupture of
surface blebs or bullae has been suggested as a possible
mechanism. Although most episodes of spontaneous pneu-
mothorax are not associated with exertion or activity, both
diving and altitude exposure have been identified as provoca-
tive factors. The expansion of gas in the lung during reduction
in pressure is assumed to lead to lung rupture. There are no
data outlining the risks associated with air travel in patients
with a closed pneumothorax. However, a case report describes a
diver who undertook approximately 80 dives with a chronic
pneumothorax without difficulty, but who did become breath-
less during a 5-h flight.5

The British Thoracic Society guidelines2 suggest that indivi-
duals with a closed pneumothorax should be advised to avoid
commercial flights. However, an updated recommendation now
suggests that patients who have had a pneumothorax must
have a chest radiograph confirming its resolution with at least 7
days elapsing thereafter before a flight. In individuals with a
traumatic pneumothorax, it is suggested that before flying 2
weeks should elapse following full radiographic resolution.6

Several studies have shown that the risk of recurrence of
pneumothorax is reduced by surgical intervention irrespective
of whether this involves thoracotomy or VATS procedure.7

According to Boyle’s law, as the pressure falls during ascent,
an inversely proportional rise in gas volume occurs. This in turn
causes expansion of air in gas-filled bodily chambers such as
the middle ear, sinuses, intestines, non-communicating lung
bullae and a closed pneumothorax. Therefore, airline passen-
gers with a closed pneumothorax may experience difficulties
due to gas expansion during ascent, and risk developing a
tension pneumothorax and possible cardiovascular collapse.
Moreover, even in healthy people, the partial pressure of oxygen
in arterial blood falls with altitude, which further compounds
any respiratory difficulties encountered with expansion of a
pneumothorax. For example, at 8000 feet (2438 m), the partial
pressure of oxygen in arterial blood falls to the equivalent of
breathing approximately 15% oxygen at sea level. Aircraft tend

to be noisy with the inevitable difficulty in diagnosing a
pneumothorax with certainty, while the availability of neces-
sary medical equipment for its treatment is largely determined
by the time required for the aircraft to land.

The individuals in both cases had a chronic pneumothorax,
which had been stable for .1 year. This condition has generally
precluded air travel because of concerns regarding development
of a tension pneumothorax. However, we felt that the risk of
recurrence with altitude exposure was small. Indeed, in case 1
there had been a long period of stability and in case 2 bilateral
surgical intervention had been performed. Moreover, in both
cases computed tomography of the chest suggested the
presence of thickened pleura. Before exposing both individuals
to the dangers associated with a simulated flight in a hypobaric
chamber, a hypoxic challenge test was arranged.3 It is relevant
to point out that neither resting oxygen saturation nor lung
function is a reliable predictor of response to hypoxic challenge
testing.8 For example, Seccombe et al9 evaluated patients with
chronic obstructive pulmonary disease and interstitial lung
disease with an oxygen saturation of 96% at sea level. Levels of
oxygenation fell to below 90% when cabin altitude was
simulated, with an even further desaturation during minimal
exercise.

In the knowledge that the reduced inspired partial pressure
of oxygen did not result in unacceptable hypoxaemia, we
proceeded to hypobaric hypoxia simulation. The size of the
chronic pneumothorax in both cases was relatively small and as
a consequence, a minimal effect of volume expansion was
expected. Indeed, it is uncertain what volume of air in a
pneumothorax can be tolerated and because expansion of a
large pneumothorax can undoubtedly result in development of
tension, careful assessment of the volume using computed
tomography of the chest was important. Subsequent satisfac-
tory completion of a simulated altitude exposure under
controlled conditions provided confirmation that volume
expansion did not result in symptoms or greater hypoxaemia.
However, common sense suggests that satisfactory completion
of a hypoxic challenge test and hypobaric chamber assessment
cannot eliminate the risks associated with flights in the future.

We conclude that some patients with a closed chronic
pneumothorax can fly without adverse consequences. The risk,
however, should be determined after thorough assessment
incorporating computed tomography of the chest, a hypoxic
challenge test and simulation of flying at altitude in a
decompression chamber with close monitoring of symptoms
and oxygen saturation. Whether the suitability of our proposed

Figure 1 Computed tomographic image showing the loculated left-sided
pneumothorax in case 1.

Figure 2 Computed tomographic image showing the loculated right-sided
pneumothorax in case 2.
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assessment and subsequent findings can be extrapolated to
include other patients with larger pneumothoraces requires
further evaluation.
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