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ABSTRACT: Pulmonary oedema has been described in swimmers and self-contained
underwater breathing apparatus (Scuba) divers. This study reports three cases of
haemoptysis secondary to alveolar haemorrhage in breath-hold divers. Contributory
factors, such as haemodynamic modifications secondary to immersion, cold exposure,
exercise and exposure to an increase in ambient pressure, could explain this type of
accident. Furthermore, these divers had taken aspirin, which may have aggravated
the bleeding.
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Pulmonary oedema has been described in swimmers and
self-contained underwater breathing apparatus (Scuba) div-
ers [1±4], but there is only one case report in a breath-hold
diver [5]. This study reports three cases of haemoptysis
secondary to alveolar haemorrhage in breath-hold divers
during underwater fishing.

Case studies

Case 1

An experienced 24-yr-old breath-hold diver was ad-
mitted to the intensive care unit of a university hospital for
respiratory distress which had occurred during an under-
water diving expedition. The clinical distress appeared 1 h
after entering the water, after many dives to a depth of 25
metres of sea water (msw) followed by a rapid rise to the
surface. He experienced dyspnoea, coughing and expecto-
rated reddish froth. The subject's haemoglobin was 10.5
g.100 mL-1, and his platelet count and coagulation results
were normal. With 10 L.min-1 oxygen, his arterial oxygen
tension (Pa,O2) was 14.6 kPa (110 mmHg) and arterial
carbon dioxide tension (Pa,CO2) 4.5 kPa (34 mmHg). He
was treated with continuous positive airway pressure and
diuretics. A thoracic computed tomography (CT) scan
(volumic spiral acquisition) showed disseminated alveolar
opacification (fig. 1). Within 36 h the patient's status had
improved considerably, allowing his transfer to the respir-
atory disease department. A bronchoalveolar lavage (BAL)
was performed and a pinkish fluid was collected. Anal-
ysis showed 76106 red cells.mL-1 and the macrophages
did not have an increased haemosiderin content, comp-
atible with recent alveolar haemorrhage. The patient was
questioned and stated that he had taken 1 g of aspirin a
few hours before diving, with the intention of improving
his performance. Pulmonary function tests and the trans-
thoracic echocardiogram performed 1 week after the ev-
ent were both normal.

Case 2

A 35-yr-old male performed intensive breath-hold dives
during an international underwater fishing competition in
the Mediterranean. The mean depth for breath-hold dives
was ~25 msw. The duration of apnoea was 2 min with a 1:1
ratio of time spent on the surface to time spent at depth.
Two hours after the start of the competition, he developed a
productive cough with haemoptysis. One day later, because
the cough persisted, he sought medical evaluation. The phy-
sical examination was normal, but the chest radiograph
demonstrated interstitial pulmonary oedema. The coagula-
tion results were normal. Four days after the haemoptysis, a
BAL was performed, revealing many siderophages (Golde's
score: 140) [6]. No treatment was required and his cough
resolved spontaneously. When the patient was questioned,
he stated that he had taken 1 g of aspirin daily during the 3
days of underwater fishing competition for the prevention

Fig. 1. ± Thoracic computed tomography scan showing disseminated
alveolar opacification.
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of headache. The patient was discharged from the hospital
feeling well and with a normal clinical evaluation.

Case 3

A 28-yr-old male, a well-trained breath-hold diver,
experienced a mild cough and haemoptysis after intensive
periods of underwater fishing dives (depth of dives ~35
msw, duration of apnoea between 45 s and 2 min). These
symptoms disappeared within a few hours and he did not
seek medical help. He was taking 500 mg of aspirin before
any breath-hold diving, believing that this medication
would improve his performance. He sought medical evalu-
ation 2 weeks later. The chest radiograph, CT scan and phy-
sical examination were unremarkable. Furthermore, resting
echocardiogram demonstrated normal left ventricular syst-
olic and diastolic function. The coagulation tests were nor-
mal. In this context, pulmonary embolism was thought to
be unlikely.

The subject had a prior history of dyspnoea and hae-
moptysis after breath-hold diving 7 yrs earlier. The fib-
reoptic bronchoscopy performed after this accident was
macroscopically normal and a BAL was grossly bloody
with 36106 red cells.mL-1 without siderophages.

A summary of the three observations is presented in
table 1.

Discussion

This is the first published case series of nonfatal
alveolar haemorrhage in breath-hold divers. Only one case
has been reported previously [5]. None of the divers had
presented with water aspiration. Haemoptysis could be
explained by cardiovascular changes during immersion
and apnoea [7, 8]. Head-out immersion in water produces
profound changes in cardiovascular function, including
increases in intrathoracic blood volume and cardiac output.
Three major factors are responsible for these changes: the
high density of the medium (the water) in which the
extrathoracic vessels are supported (analogous to a gravity-
free state), the differential pressure distribution over the
body (giving rise to a negative pressure breathing) and the
high thermoconductivity of the medium. WILMSHURST et al.
[1] attributed pulmonary oedema observed in Scuba divers
to haemodynamic modifications, secondary to immersion
and exposure to cold. During breath-hold diving, other
factors can explain haemorrhage. Ambient pressure in-

creases proportionately to depth and the air in the lungs
adapts to the effect of this increase in pressure by
decreasing in volume (Boyle±Mariotte law). When the
pulmonary volume is reduced to residual volume, int-
rathoracic pressure is equal to hydrostatic pressure. Below
this threshold, the volume can no longer decrease because
of the rigidity of the thorax; thus, intrathoracic pressure
decreases, leading to a further blood shift towards the chest
[9, 10]. The volume of blood displaced is proportional to
the depth of the dive and is held in the pulmonary
circulation for as long as the intrathoracic pressure is not in
equilibrium with the hydrostatic pressure surrounding the
diver. It has been found that the blood shift is close to 1 L
around a depth of 30 msw [9]. All of these phenomena
cause an elevation in the transpulmonary capillary wall
pressure. WEST and MATHIEU-COSTELLO [11] described ultra-
structural modifications to pulmonary capillary walls when
they were submitted to an increase in transmural pressure.
Such modifications may predispose to alveolar haemor-
rhage. The increase in pressure leads to a fluid shift, displa-
cing it from the capillary lumen to the alveolar interstit-
ium, then into the alveoli. If the pressure gradient continues
to rise, pulmonary oedema and alveolar haemorrhage may
develop.

The incidence of these accidents is difficult to assess
because divers with minor haemorrhage (e.g. case number
3) may not seek medical attention. However, fatal acci-
dents have been reported in the past and could have a
similar pathogenesis, such as thoracic squeeze [12].

In sports medicine, alveolar haemorrhage has been de-
scribed in rugby players [13] and elite athletes [14]. The
bleeding is secondary to the abrupt increase in pulmonary
vascular pressure observed during exercise. A similar
mechanism could be involved in the haemorrhage observ-
ed in healthy people during strenuous swimming [4].

In the present series, the divers had ingested aspirin,
which may have aggravated the bleeding through its anti-
platelet effect. Aspirin is often taken by underwater fishing
divers in Europe. It is used as a painkiller and because it is
believed to increase the diver's performance. Because of
the potential risk of alveolar haemorrhage, the use of
aspirin by breath-hold divers is inadvisable.
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Table 1. ± Characteristics of the breath-hold divers

Diver 1 Diver 2 Diver 3

Age yrs 24 35 28
Height cm 178 172 168
Weight kg 66 64 72
Diving suit Yes Yes Yes
Dive depth msw 25 25 35
Water temperature (surface) 8C 25 18 24
Lung function tests

TLC L 7.23 7.07 6.34
RV L 1.63 1.27 1.45
RV/TLC % 22 18 23

TLC: total lung capacity; RV: residual volume; msw: metre of
sea water.
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