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Every now and then, it is important to review episodes of Sud-
en Death in the context of sports activity. In this sense, the recent
rticle published by Sitges and Brugada fulfils that objective1. It
ay  be an appropriate occasion to review other sudden death
echanisms during sport or professional physical exercise due to

 non-cardiological origin.
Activities involving significant changes in the main envi-

onmental conditions – pressure, temperature and humidity –
ntroduce compensating mechanisms of high complexity that may
e, in themselves, the cause of an unexpected outcome. Com-
ensating mechanisms of intrinsic origin, not necessarily from
ardiological origin, also occur in mountain climbing, speleology,
esert survival, and other extreme environmental exercises. More
pecifically yet, the dysbaric conditions experienced by aviators,
stronauts, compressed air workers, and to a greater extent by
ivers, constitute a special model known as Dysbarism.2 From a
uantitative point of view, the most significant, modifications hap-
en in SCUBA-Diving, as responsible of the greatest morbidity.
owever, this may  be the cause of an inadequate risk assessment

n each of these activities. The explanation lies in the fact that,
hile these accidents are generally fatal, in the case of underwater
ysbaric disorders a whole set of preventive and therapeutic mea-
ures can lead to possibility of survival, following specific guidelines
ithin the so-called Diving Medicine,3 that permits a greater study
f these mechanisms.
The incidence of serious accidents in SCUBA diving has sharply

eclined in recent years, and fortunately dysbarism figures are
urrently far from what was reported some decades ago.4 However,
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in the Mediterranean countries, a new factor of high concern has
emerged: the sudden death of middle or advanced age divers, after
apparently normal dives, in which no obvious factor was detected
as the responsible cause. These worrying phenomena are observed
in both modalities, SCUBA and Breath-Hold Diving also incorrectly
called Free-diving. The mechanisms that may explain these acci-
dents do not have a cardiac problem as their main cause, but a
heart failure is the final result of a previous chain of events.

Strictly speaking, no human form of life is really adapted to an
aquatic environment. Only our distant relatives, the marine mam-
mals, have achieved a permanent adaptation with a prolonged
apnoea time, a large reserve of myoglobin, changes in lung volume
and structures, and a significant slowing of their heart rate. This
allows them regular and continuous immersion periods at great
depths.

In some cultures, far from our own, the exploitation of marine
resources has made the practice of an extreme form of Breath-
hold diving a routine daily activity based on their own resources,
and with overexploitation of the physiological limits.5 But even
in such cases we  cannot correctly speak about a real mechanism
that allows an acclimatization to the aquatic environment. Neither
can be explained from the famous breath-hold divers with apnoea
times up to 5 min  and reaching more than 200 msw of depth. The
human being is only able to develop, at most, a few aquatic sur-
vival procedures, which in no way  can be considered as a form of
adaptation, or even not acclimatization.

The characteristics of the aquatic environment limit underwa-
ter immersion to voluntary apnoea, during some few minutes.
In SCUBA or semi-autonomous diving, the use of everyday more
sophisticated respiratory devices, combines pressurizing of the res-

piratory media, formerly compressed air, with the use of synthetic
breathing gas mixtures with variable oxygen percentage and an
inert gas which is not necessarily nitrogen.6 This allows a rela-
tively prolonged stay under water maintaining a cardiorespiratory

dx.doi.org/10.1016/j.medcle.2017.02.024
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unction in acceptable conditions for relatively long periods of
ime.

Under these conditions, human physiology faces a real chal-
enge in maintaining acceptable hemodynamic conditions within

 denser medium, anaerobic for humans, and subjected to a signif-
cantly higher pressure. The fact of breathing air – or other gas – at
ncreased pressure causes by itself significant but silent ventilatory
hanges that the diver does not perceive as long as his/her respira-
ory dynamics are maintained in apparently normal conditions.

The SCUBA diver must exhale the air through a valve that close
he respiratory circuit during inspiration, and open it at the begin-
ing of expiration. The so-called Diving-Regulator allows the expert
iver to maintain normal ventilatory dynamics, although reversing
he phases of the respiratory cycle. Certainly, the diver makes an
lmost passive inspiration, while the expiration becomes a volun-
ary and forced movement. The rhythmic and voluntary sequencing
f both phases is one of the requirements for the expert skill that
llows an adequate and apparently physiological respiratory cycle.

The inexperienced Breath-hold diver ignores that his/her lungs
re suffering an unavoidable mechanism of pressure-induced pul-
onary collapse, that reduces up to 50% its volume at a depth of

0 msw,  or at a quarter part when 30 msw  are reached.7 But this
oes not happen in SCUBA divers whose respiratory devices allow

 correct rhythm, without changes of volume, always conditioned
o breathing a respiratory mixture at the same environmental
ydrostatic pressure. This mechanism is apparently physiolog-

cal, and the expert diver does not appreciate any significant
hange.

However, at the end of their underwater activity, some divers
xperience a tiredness which is not proportional to the physical
ctivity. This has been the reason for some surprises and alarm
ince the beginning of this activity. Some studies have shown that
he energy discharge of a normal and shallow depth immersion,
ven with minimal physical activity, implies a metabolic response
omparable to that of a long or medium intensity exercise.8 The
nswer to this dilemma follows several mechanisms.

The pressurized air is proportionally denser, which conditions
he amplitude of the thoracic movements and increases the respira-
ory work without the subject being aware of that.9–11 The increase
f thermal loss during immersion is about 25 times higher than in
he air due to the greater activation of both thermic convection and
onduction mechanisms.12 Even in a tropical environment, where
ives are performed at water temperatures in the surface close to
0 ◦C, a prolonged water immersion with poor isothermal protec-
ion will lead to the state of hypothermia. The survival time depends
n water temperature and on the efficacy of the neurovegetative
echanisms of thermoregulation which maintain during a limi-

ed period of time the necessary homothermic life conditions.13–15

nderwater breathing at high pressure adds another important res-
iratory thermal dissipation through evaporation, proportional to
he density of the air, which is in direct relation to the increase of
bsolute pressure.

During the return to atmospheric normality after a high pres-
ure respiratory incursion, either in SCUBA diving or another
ctivity under pressure, the well-known Decompression Sickness,
ctive but silent in most cases, may  occur. During some hours
fter surfacing, the asymptomatic diver experiences a complex
henomenon of multifocal gas polymicroembolism that trig-
ers a chain of hemodynamic and rheological disorders with
ypovolemia, haemoconcentration, and compensated consump-
ion coagulopathy, which in their smallest dimension, remains
idden.16,17 Only under great dysbaric stress, do these mechanisms

ecome important producing a real systemic disorder whose lead-

ng manifestation is the so-called dysbaric shock. In the case of
ilots and astronauts, the same mechanisms of slow depressuri-
ation occurs during the ascent phase, or abruptly if an Explosive
17;148(12):566–568 567

Decompression happens due to a failure in the aircraft’s pressurizing
devices, which has been sometimes the cause of space tragedies.

But in Breath-hold diving, during the few minutes the diver is
able to remain underwater, the main conditioning factor is hypo-
xemia, as well as progressive hypercapnia.18 When the hydrostatic
pressure is very high, the pulmonary collapse is almost total, and
implosion can affect rigid intrathoracic structures. Until few years
ago, this was  considered as an insurmountable barrier that only
aquatic mammals could surpass thanks to unknown mechanisms.

One of them is the flooding of the respiratory system by li-
quids coming from a vascular system that remains functioning with
apparent hemodynamic normality under conditions of very high
surrounding pressure. It is a kind of pulmonary by-pass, whose
English name is widely used, without translation, by scientists of
the whole world independently of their mother language. The so-
called Blood Shift, unknown until recently, warrants the protection
of respiratory structures subjected to extreme pressure, something
that was  considered unrealistic only a few years ago.19 It was
thought that these mechanisms were unique to aquatic mammals,
but we  currently do know that humans can also experience that,
although only occasionally, unlike our ancestors, who use them
continuously. Furthermore, in deepest Breath-hold diving, a tran-
sient splenic discharge increases the circulating blood volume in
order to enhance the oxygen reserve.20,21

Under these conditions, the mechanism of returning to nor-
mality is more complex than its protective establishment. The
reposition to their place of fluids that have transiently occupied
an unusual space, only in order to keep intact the intrathoracic
structures can cause, if not done properly, that part of the fluids
remain in such areas not involved in respiratory function in normal
atmospheric conditions.

All these measures suggest that the so-called Pulmonary
Oedema of Immersion, considered as a strange phenomenon and
rarely observed in human underwater activities, takes on a more
important role than suspected.22–26

Episodes of sudden death following aquatic activities usually
occur in middle or advanced age people, who  dived under cold or
even warm, but not hot, waters to which, for some reason, they have
not managed to efficiently adapt. They had not suffered dyspnoea,
or water inhalation, or tiredness, or excessive exercise, and their
decompression procedure was normally followed. But from time
to time, one of these divers manifest, after emersion, an unusual
discomfort or general malaise, followed by a consciousness impair-
ment and, in some cases, a quick onset of a critical emergency in
front of his/her astonished fellow divers, ignorant of the tragedy
that is about to happen. For this reason, emergency measures are
usually not adopted until it is too late. Of course, the heart has
a role on these mechanisms, but this occurs as a final result of a
previous chain of hemodynamic disorders. The heart suffered the
consequences, but it was not the cause.

Fortunately, and differently to what may  be thought, research in
diving medicine is deep, sophisticated, and varied. The goal is not
only the interest in protecting the health of the divers, although,
fortunately, institutions such as the DAN-EUROPE Foundation are
devoted to this activity, carrying out a noble research in leisure
diving.27 But the powerful Oil Industry, which requires extraction
at great depths with underwater human participation, is forced to
develop sophisticated technology whose complexity exceeds by so
far, the aerospace biomedical research. It is more difficult to have
a human being working underwater at more than 500 msw,28,29

than to keep an astronaut during extravehicular activities or a moon
ride, since his/her space suit is a microhabitat that allows a close-

to-normal physiology provided their devices work as expected.

Despite all the above, SCUBA diving is a safe activity, and the
number of accidents in the aquatic environment is lower than
those developed within other common activities considered to be
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ealthy. In the past, insurance companies excluded underwater
ctivities coverage because they considered diving too dangerous.
ut currently they realized their error, and this activity has been
onverted in one of their most lucrative preferential targets given
ts low accident rate. But these good news are counteracted by

 high mortality and fatality. While the likelihood of a dysbaric
ccident is low, its severity can be important.

We  have managed to reduce the number of dysbaric accidents
o very low figures and, if they occur, the therapeutic facilities at
ur disposal can solve satisfactorily even the most serious cases.30

e  have the challenge now to make innocuous a pleasant activity
uch as SCUBA diving, in spite of the fact that it necessarily induces
mportant biological survival mechanisms, that can be qualified
s a kind of Physiologically Pathological status. That is to say, the
ubject whose physical activity takes place under dysbaric condi-
ions, even in his/her utter ignorance, develops a series of survival

echanisms, which, if they were not the result of a physiological
equirement to deal with adverse and imperative environmental
onditions, they could be properly considered as a pathologic event
n the terrestrial and atmospheric environment own of the habitat
or which we have been conceived.
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