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Prevention of work-related decompression illness events by detection of a
cardiac right-to-left shunt
by Birgitta Kütting, MD,1 Bernd Tomandl, MD,2 Hans Drexler, MD 1
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A 44-year-old tunnel worker was studied who suffered from several unexplained decompression illness events
for almost 15 years. This caisson worker was affected after standard pressure profiles that did not cause
symptoms of decompression illness in his colleagues on the same shift. Transesophageal echocardiography
revealed an atrial septal defect (grade II) in this otherwise healthy man. Cranial magnetic resonance imaging
showed ischemic brain lesions. Among divers, patent foramen ovale, the most common cause of cardiac right-to-
left shunts, was shown to increase the risk for decompression illness events by a factor of 4.5 and to double the
risk of ischemic brain lesions. Hyperbaric workers with symptoms of unexplained decompression illness, even if
they are only slight, should immediately be transferred to a cardiologist so that a cardiac right-to-left shunt will
not be overlooked.
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Patent foramen ovale is a remnant of fetal circulation
and is the most common cause of a right-to-left shunt
(1). Oxygenated placental blood enters the right atrium
via the inferior vena cava and crosses the valve of the
foramen ovale to enter the systemic arterial system. At
birth, pulmonary vascular resistance and right-sided car-
diac pressure drop with a reversal of the right-atrium-
to-left-atrium pressure gradient. The flap of the foramen
ovale closes against the artrial septum, fusion generally
occurring within the first 2 years of life (2). Less fre-
quent causes of right-to-left shunts include artrial sep-
tal defects and pulmonary arteriovenous malformations.

It has been shown that patent foramen ovale is a risk
factor for the development of multiple brain lesions among
sports divers, as shown in magnetic resonance imaging
(MRI). The brain lesions are presumably caused by para-
doxical bubble emboli (3, 4). Schwerzmann et al (4) ob-
served twice as many ischemic brain lesions in divers with
patent foramen ovale than in those without the abnormal-
ity. Spinal or cerebral symptoms of decompression sick-
ness were also shown to occur in 4 of 13 divers with and
4 of 39 divers without patent foramen ovale. Arterial gas

embolism occurred in 4 of 13 divers with and 2 of 39
divers without patent foramen ovale. In a logistic regres-
sion model, patent foramen ovale increased the risk of
decompression illness events in divers by 4.5 during all dives.

In the general population, patent foramen ovale is a
common finding; the fusion is incomplete in approximate-
ly one-fourth of the general population, resulting in an
oblique slit-like defect (5). Two autopsy studies deter-
mined an incidence between 27.3% (1) and 35% (6) for
patent foramen ovale. Small patent foramen ovales prob-
ably close spontaneously throughout adult life, as there is
a reduction in prevalence from 34% in the first three dec-
ades of life to 20% in the ninth and tenth decades (1).

Thus far, cardiac right-to-left shunts, especially pat-
ent foramen ovale, have been implicated in several path-
ological processes, including migraine with aura (7, 8),
paradoxical embolism in cryptogenic stroke, and ve-
nous-to-arterial gas embolism in serious or less serious
forms of decompression illness (3, 4, 9–13).

Because most people with patent foramen ovale
show no obvious clinical signs, diagnosis is usually
only attempted following an unexplained incidence
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of decompression illness. Transesophageal echocardiog-
raphy is currently considered the reference standard for
the diagnosis of patent foramen ovale since it allows di-
rect imaging of the interatrial septum and saline con-
trast shunting through a patent foramen ovale. If color
flow Doppler or peripheral saline contrast injection de-
tect right-to-left flow during normal respiration, it is
termed a resting patent foramen ovale (2). Data of meth-
odological studies suggest that cough or the Vasalva
maneuver increase the sensitivity of detecting trans-
esophageal patent foramen ovale and that the contrast
injections via the femoral vein approach are superior to
the antecubital route (14, 15).

Transthoracic echocardiography with contrast injec-
tion can be used to diagnose patent foramen ovale as well,
but it has a sensitivity of up 80% when compared with
that of transesophageal echocardiography. Thus negative
transthoracic echocardiography does not exclude the ex-
istence of patent foramen ovale, but a diagnostic transtho-
racic echocardiography may avoid the need for a trans-
esophageal echocardiography (16).

In contrast to patent foramen ovales, atrial septal de-
fects are more likely to have already been diagnosed since
the signs and symptoms are usually more obvious. The
symptoms include heart murmur, cyanosis, and faintness.

In this paper, we report the findings from a tunnel
worker suffering from several unexplained decompression
illness events over a period of almost 15 years. Trans-
esophageal echocardiography revealed an atrial septal de-
fect (grade II).

To the best of our knowledge, this case study is the
first in occupational medicine to report on the relation be-
tween cardiac right-to-left shunt and decompression ill-
ness.

Case report

In 1988, a 44-year-old caisson worker first complained
several times of bends after working under conditions of
compressed air (approximately 2 bars). Two years later
he felt faint after the decompression phase and suffered
from circulation problems for about 6 weeks. In nearly
all the events the man was transferred to a hyperbaric unit
for recompression treatment. In October 2002, while
working on tunnel construction in Switzerland (42 min-
utes under compressed air of 2.7 bars), he suffered from
paraesthesia, burning, and pain in the right leg 10 min-
utes after the end of the decompression phase. In the next
hour, all of these sensitizations worsened and were fol-
lowed by ataxia. Transfer to a hyperbaric facility was im-
mediately organized; on the way all the symptoms had
disappeared spontaneously after 4 hours. But, as a pre-
ventive measure, recompression therapy was applied for
6 hours. The caisson worker also reported past blurred vi-
sion after work under conditions of compressed air. The

pressure profiles were standard, and none of his colleagues
was affected by decompression illness events. The man’s
clinical examinations, including pulmonary function tests,
an electrocardiogram, chest X-rays, and blood pressure,
had always been normal. His history was negative for in-
ternal, especially cardiological, disease.

He reported that he had been a nonsmoker for 8 years.
Before he gave up smoking, he consumed 25 cigarettes a
day over a period of 17 years. He also denied any intake
of drugs.

After the last event of decompression illness, a com-
plete medical examination was performed that included
transesophageal echocardiography and MRI. The trans-
esophageal echocardiography revealed an atrial septal de-
fect (grade II). Direct shunting of contrast bubbles into
the left atrium through the artrial septal defect was detect-
ed during the application of the Valsalva maneuver.

MRI revealed a total of 18 not well delineated hyper-
intense lesions (13 on the left side, and 5 on the right side)
predominantly in the periventricular white matter.

Discussion

In 1986, Wilmshurst et al (17) were the first to report on
paradoxical gas embolism in a scuba diver with an artrial
septal defect. In 1989, after observation of 30 patients with
a history of decompression illness, Moon et al (10) as-
sumed that patent foramen ovale may be a risk factor for
the development of decompression illness in divers. Since
then, numerous publications have confirmed this obser-
vation and reported an increased risk of the development
of decompression illness, as well as multiple brain lesions,
as shown by MRI if a cardiac right-to-left shunt was
present (3–5, 7, 8, 10–13, 18–23). Although the role of
patent foramen ovale in the pathogenesis of decompres-
sion illness has been established, the magnitude of the as-
sociated risk still remains controversial (24). In contrast,
the pathological significance of brain lesions is somewhat
unclear (3).

Although patent foramen ovale is common, adverse
consequences arise infrequently, but have been implicat-
ed in several pathological processes such as venous-to-
arterial gas embolism in serious forms of decompression
illness. For diving, it was hypothesized that venous gas
bubbles liberated after the diver’s rise to the surface may
enter the systemic circulation through a patent foramen
ovale and embolize into the central system (“paradoxical
embolism”) (11). Right-to-left interatrial shunting can oc-
cur when right arterial pressure is increased. According
to Schwerzmann & Seiler (4), patent foramen ovale is
probably the most prevalent pathway out of all the possi-
bilities for the arterialization of venous gas bubbles. If no
cardiac or pulmonary shunt is present, small volumes of
venous gas bubbles are tolerated well and entrapped in
and exhaled from the lungs (25).
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Decompression illness can occur during flights, from
altitude chamber exposure, from professional deep-sea
diving, and from working in pressurized tunnels or cais-
sons for bridge-building projects.

The term decompression illness is used for describing
all decompression disorders with bubbles as the initiator.
It is used as a collective term for decompression sickness,
resulting from the growth of gas nuclei in predominantly
fatty tissue, and also for arterial gas embolism, due to gas
invasion into systemic circulation (4). A clear clinical dis-
tinction between arterial gas embolism and decompression
sickness is not always possible; therefore, the term decom-
pression illness is preferred.

Clinical manifestations of decompression illness are
traditionally classified as minor (type I) or major (type II)
symptoms. Minor symptoms include muscoloskeletal pain
and “skin bends” with rash, pruritus, and painless swell-
ing of the skin due to lymphatic obstruction. Major de-
compression illness includes neurological (spinal and cer-
ebral decompression illness) or cardiorespiratory disor-
ders. The signs of spinal decompression illness are limb
weakness, cutaneous sensory level and impaired bowel or
bladder control and the signs of cerebral decompression
illness are blurred vision, dysarthria, hemiplegia, or loss
of consciousness (3).

The high prevalence of a cardiac right-to-left shunt,
especially of a foramen ovale in the general population,
stresses the relevance of this relation for the field of oc-
cupational medicine, especially for occupational medical
care for the group of hyperbaric workers. Therefore, com-
pany physicians taking care of hyperbaric professionals
should be aware of the potential risk of decompression
illness for workers with a cardiac right-to-left shunt. Hy-
perbaric workers with symptoms of unexplained decom-
pression illness, even if they are only slight, should im-
mediately be transferred to a cardiologist so that a cardi-
ac right-to-left shunt will not be overlooked. If the diag-
nosis of a cardiac right-to-left shunt is confirmed, work-
ing under pressurized conditions should be stopped im-
mediately.
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