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It is estimated that approxi-
mately seven million divers are
active worldwide and 500,000
new divers are training annu-
ally.! Moreover, professional
divers actively carry out diving
operations for the purposes of
commercial, scientific or military
diving. The underwater environ-
ment is unique and any expo-
sure to it presents a number of
stresses to the human system.
The human body makes phys-
iological responses to adapt

to the environmental changes.
Moreover, diving equipment,
training, knowledge and skills
also minimize siresses and
increase safety while diving. In
rare cases, certain hazards can
occur to divers, such as nitfrogen
narcosis, oxygen toxicity and
decompression iliness (DCI).
One risk factor that has been
under research for approxi-
mately 30 years and statistically
associated with DCI is the pat-
ent foramen ovale (PFO).
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The persistence of

a fetal heart characteristic

The right side of the human heart con-
tains venous blood with a low oxygen
content, and the left side contains arteri-
al blood, rich in oxygen and nutrients. In
the unborn foetus, the lungs are not fully
formed.

In order for the foetus to constantly
receive oxygenated blood, there is an
opening in the wall between the two
atria, the foramen ovale. The foramen
ovale (Latin for oval hole) is a flap valve
in the septum (the wall of the heart)
separating the right and left atria. It is a
one-way valve, allowing direct blood
flow from the right upper chamber of
the heart (right atrium) to the left upper
chamber (left atrium).

The foramen ovale allows oxygenated
blood coming from the mother via the
placenta to the right atrium and then
directly to the left atrium of the foetus.
The left atrium pumps the blood into the
foetus circulation, providing the oxygen
and nutrients required for growth and
healthy development.

At birth, when the baby begins to
breathe, a flap valve closes over the
opening in the atrial septum and starts
sealing the opening. This fusion is com-
plete by the age of two in about 75
percent of the individuals, while in the
other 25 percent, the foramen ovale is
not fully closed. The reasons the PFOs fail
to close are unknown and the size of PFO
in individuals varies, ranging from one to
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The persisting, “patent”, foramen ovale
allows blood from the right atrium (blood
from the veins) to move directly into the
left atrium (blood from the lungs) and
from there into the arterial circulation.
Normally, this cardiac defect will cause
Nno serious symptoms to those who have it
because the pressure on the left atrium is
always bigger than the right, which tends
to keep the valve closed.

However, this differential pressure is
reversed while performing a Valsalva
manoeuvre or while engaging in strenu-
ous activities, e.qg., lifting heavy dive gear
and climbing into the boat.” Hence, PFO
poses a concern for divers as free inert
gas forming in the body during decom-
pression or after surfacing, bypass the
vital lung filter and enter into the arterial
circulation.

PFO and decompression iliness
Decompression illiness is caused by bub-
bles in blood or tissue that are formed as
a result of reduction in ambient pressure
(decompression). The term includes both
arterial gas embolism (AGE), in which
alveolar gas or venous gas emboli (via
cardiac shunts like patent foramen ovale
or pulmonary vessels) are introduced into
the arterial circulation, and decompres-
sion sickness (DCS), which is caused by
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Figure 1. A simple scheme demonstrating the normal circulation of blood and bubbles in the heart (left), and the right-to-left cardiac
shunt in the presence of a patent foramen ovale (right). In the lafter case, venus gas migrates from the right atrium via the patent fora-
men ovale to the left atrium and from there into the arterial circulation. (lllustration by Konstantinos Alexiou, 2015)
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