
D rowning is defined as the situation
in which an individual experiences
a deterioration in respiratory func-

tion due to submersion in a liquid medi-
um.1 Death by drowning is due to the in-
halation of the liquid medium (usually wa-
ter) and may occur immediately or after
some time. According to data from the
Global Burden of Disease, during 2000
around 449,000 individuals died of drown-
ing worldwide, while drowning also cost
1.3 million years of lost life and disability.2

In Greece, drowning is a serious public
health problem. According to data from the
National Statistical Service, 300-400 people
die from drowning annually. More specifi-
cally, during the period 1997-2004, 2947
people lost their lives as a consequence of
drowning. The majority were men (2103

cases, 74%). The age distribution over the
above eight-year period was as follows: 3%
of victims (80 cases) were ≤14 years old;
12% (349 cases) were aged 15-29 years;
14% (401 cases) 30-44 years; 17% (478 cas-
es) 45-59 years; 32% (905 cases) 60-74
years; and 22% (634 cases) were over 74
years old.3

When a person is pulled from the wa-
ter dead, or is found alive but dies later, it
should not be assumed that the death was
due to drowning. In fact, the investigation
of these cases is one of the most difficult in
forensic medicine. In the following report
these cases will be referred to as “submer-
sion cases”.

In the present study we recorded the
autopsy and laboratory findings from sub-
mersion cases that were investigated in our
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forensics department. The aim was to identify and clas-
sify those factors (pre-existing conditions, effect of sub-
stances, etc.) that could have contributed to the occur-
rence of drowning, with particular emphasis on diseases
of the cardiovascular system.

Material and methods

All reports of submersion cases for the period 1997-
2004 were collected and studied. The victim’s age and
sex were recorded, as well as the month in which drown-
ing occurred. The autopsy findings and the results of
the toxicological and histopathological examinations
were also noted.

The post mortem examination of the heart includ-
ed measurement of the thickness of the walls of the
left and right ventricles and the interventricular sep-
tum. The dimensions and weight of the heart were
recorded. The valves were checked for stenosis and
calcification. The ascending aorta was checked for di-
latation, thickening, or atheromatosis, and the pul-
monary artery was examined mainly for the presence
of embolus (and more rarely atheromatosis). Regions
of either old or recent myocardial ischaemia were
checked for and their location and size were noted.
Finally, the coronary arteries were examined (anteri-
or descending and circumflex branches of the left
coronary artery; right coronary artery and posterior
descending branch) using regular sections every 4-5
mm. Their course was recorded, along with any thick-
ening, atheromatous lesions and stenoses.5

For the histopathological examination of the
heart, representative sections were taken from the
anterior, lateral and posterior left ventricular wall,
the interventricular septum, the anterior and poste-
rior right ventricular wall, the anterior papillary mus-
cle, the left and right atrium, as well as multiple sec-

tions from the coronary vessels. In addition, sections
were taken from any regions with suspected patho-
logical lesions.4,5

Alcohol analysis was performed in whole blood
samples utilising a gas chromatography head-space
method. Psychoactive substances were detected in
urine samples using screening techniques and their
presence was confirmed by means of gas chromatog-
raphy-mass spectrometry.7,8 (It should be further stated
that since 1995 our laboratory has participated success-
fully in the International Collaborative Exercises—the
former International Proficiency Testing Program-
me—of UNDCP for the complete analysis of psycho-
active substances in biological fluids).

Results

A total of 197 submersion cases were referred to our
department. In 168 cases drowning was considered as
the cause of death. All involved seawater. In 167 of
these the drowning was considered accidental and on-
ly in 1 case was there information supporting the pos-
sibility of suicide. In 10 cases (6%) the victim was a
foreigner.

Most of the drowning victims were men (109/168,
65%, Figure 1). Only 2 cases (1%) involved children
under 15 years old. In 8 cases (5%) the victims were
aged 15-29 years; in 17 (10%) they were aged 30-44
years; in 17 (10%) 45-59 years; in 53 (32%) 60-74 years;
and 71 (42%) were aged 75 years or older (Figure 2).
In most cases the event occurred during the summer
months: 24 cases (14%) in June, 65 (39%) in July,
and 42 cases (25%) in August (Figure 3).

In 82 cases (49%) there were histopathological
findings from the cardiovascular system. In 77 of
these cases, the victims suffered from coronary artery
disease (old myocardial infarction and/or coronary
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Figure 1. Cardiovascular disease in drowning
victims according to sex (total 168).



artery stenosis >75%), while 8 showed signs of a re-
cent myocardial infarction and just 2 cases had recent
coronary vessel thrombosis. In the remaining cases
the findings were as follows: aortic valve stenosis in a
66-year-old man, hypoplasia of the left coronary
artery in a 37-year-old man, hypertrophic cardiomy-
opathy in two men aged 16 and 23 years, and Eb-
stein’s disease in a 34-year-old man (Table 1). The in-
cidence of cardiovascular pathology in the drowning
victims in relation to sex, age and month of death is
shown in Figures 1-3.

Alcohol was identified in 21 cases (13% of the to-
tal), with blood concentrations >100 mg/dl in 9 (5%).
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Table 1. Pathological findings from the cardiovascular system in
82 drowning victims.

Cardiovascular findings

Complications of coronary artery disease 77
Aortic valve stenosis 1
Left coronary artery hypoplasia 1
Ebstein’s disease 1
Hypertrophic cardiomyopathy 2

Psychoactive substances were found in 4 victims (2%).
Food remains were found in the stomachs of 45

victims (27%).
In 29 submersion cases death was not due to drown-

ing. In 23 the person died from complications of coro-
nary artery disease, in 2 from injuries (amputation by a
marine vehicle), while the other 4 causes of death were
bowel necrosis, dissecting aortic aneurysm, use of toxic
substances and poisoning, and subarachnoid cere-
brovascular stroke (Figure 4).

Discussion

The main focus of this study was the collection and
presentation of data concerning the circumstances
and conditions (diseases, use of alcohol and other
psychoactive substances, ingestion of food) related to
the causes of drowning in Greece. In addition, the
identification of population groups with a higher risk
of becoming victims of drowning is of special impor-
tance, since they should be the main target of any pre-
vention strategy.

Our study showed that an appreciable percentage

Figure 3. Cardiovascular disease in drown-
ing victims according to the month when
drowning occurred (total 168).

Figure 2. Cardiovascular disease in drown-
ing victims according to age (total 168).



of drowning victims (49% of the total) suffered from
pre-existing cardiovascular disease, mainly coronary
artery disease and its complications. In several cases
there was a recent myocardial infarction and in the
remainder there were findings showing a large degree
of obstruction of the coronary vessels and/or regions
of old myocardial ischaemia.

It is, of course, true that physical exercise can
contribute significantly to the prevention and better
prognosis of myocardial infarction, while swimming,
as an endurance sport, has been considered suitable
for patients with a history of cardiovascular disease.9

However, swimming differs from other forms of exer-
cise because of its additional hydrostatic and thermal
load. Anyone who is immersed in water with a tem-
perature of 25-29ÆC has increased energy conversion,
equal to an ergometer load of 75 kW, even without
physical activity.10 Even simple immersion in water
induces haemodynamic changes, such as alterations
in heart rate, stroke volume and cardiac output, as
well as in systolic and diastolic pressure. These changes
will be a function of the water temperature, swimming
activity level, age, and pre-existing diseases of the car-
diovascular system. 

During immersion, especially when the body is in a
vertical position with the head above water, the central
venous pressure increases as a result of flotation pres-
sure.11,12 In addition, immersion has been shown to
cause an increase in the circulating blood volume and a
reduction in colloidosmotic pressure (blood dilution)
because of fluid transfer from the interstitial to the in-
travascular space. Subsequently, we see the develop-
ment of bradycardia and an increase in stroke volume
and cardiac output.11,13 The blood dilution leads to in-
creased diuresis and natriuresis by affecting renal func-
tion. At the same time, the increased circulating blood

volume stimulates the arterial and cardiopulmonary re-
ceptors,14 while chemical-hormonal mechanisms are al-
so involved in the above haemodynamic changes.15 In-
deed, changes have been found in levels of angiotensin
I and II, renin activity, aldosterone, antidiuretic hor-
mone, cortisol, and catecholamines.

These changes appear to be affected by the water
temperature. In fact, at a temperature of 32ÆC there
has been shown to be an increase in stroke volume and
cardiac output, a small decrease in heart rate, systolic
and diastolic pressure, and a reduction in renin, corti-
sol and aldosterone.16 In addition, apart from the ab-
ove changes, another study reported a reduction in lev-
els of antidiuretic hormone and angiotensin I and II.17

At 20ÆC similar changes were seen, apart from in al-
dosterone levels, which remained unchanged. At even
lower temperatures (14ÆC), there was an increase in
heart rate, systolic and diastolic pressure, a reduction
in renin, and an increase in aldosterone, dopamine and
noradrenaline. It has been suggested that, in relatively
warm water, the physiological changes are caused by
chemical control mechanisms, whereas in cold water
they are due to increased activation of the sympathetic
branch of the autonomic nervous system.16 Peripheral
resistances have been shown to decrease in relatively
warm water (34.5ÆC) by 20-40%,18 whereas in cold wa-
ter they increase.19

The changes in levels of diuretic and antidiuretic
hormones also seem to be related with age, since they
have been shown to be less exaggerated in the elder-
ly.17 In elderly individuals, immersion in water in-
duces an increase in stroke volume without a corre-
sponding increase in heart rate, resulting in an in-
crease in blood pressure.20 This phenomenon is most
probably due to a decrease in the adaptability of the
autonomic nervous system with advancing age.21
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Figure 4. Causes of death in submersion
cases (total 197). CAD – coronary artery
disease.



The changes caused in response to the increased
circulating blood volume during immersion in water
might also be expected to be different in chronically
hypertensive patients, where the relevant control
mechanisms do not function adequately. A study by
Coruzzi et al showed that individuals whose hyperten-
sion is refractory to a low sodium diet show non-satis-
factory diuresis and natriuresis during immersion in
water.22

Swimming, rather than simple immersion, can af-
fect the changes described in the paragraphs above.
Indeed, swimming has been shown to cause an in-
crease in renin and in concentrations of aldosterone
and catecholamines, through activation of the sympa-
thetic system. The increase in renin activity is smaller
than that seen in other forms of exercise, such as run-
ning, because of the effect of immersion in water.23

The intensity and the type of swimming, as well as
previous experience of sporting activities, are also
factors that can affect the haemodynamic and chemi-
cal changes. For example, it has been shown that dur-
ing swimming with flippers, blood pressure and heart
rate increase less than during free swimming.24 Peo-
ple who take regular exercise (not necessarily swim-
ming) have been shown to have a smaller increase in
noradrenaline levels and renin activity than those
who have not previously engaged in sporting activi-
ties.25

As can be seen from the above paragraphs, dur-
ing immersion in water, with or without swimming,
significant haemodynamic changes take place, whose
nature and extent, however, cannot be predicted pre-
cisely because of the effect of various parameters. It is
likely that the elderly and those with heart disease are
particularly vulnerable to these kinds of haemody-
namic changes, with the result that symptoms and
conditions may appear, such as angina, pulmonary
oedema, or even acute cardiac failure. During swim-
ming, anginal symptoms of myocardial ischaemia are
likely to be delayed or even absent.26

Arrhythmias, such as ventricular fibrillation, are
another cause of death during swimming.27 Cardiac
arrest as a result of arrhythmia is probably underesti-
mated as a main cause of loss of consciousness in el-
derly people with ischaemic myocardial disease.26 The
risk of hypercoagulability induced during swimming
and other forms of exercise due to activation factors
has also been discussed.28,29

Finally, cold may also exarcebate a pre-existing
pathological condition. Of course, the majority of the
drownings in Greece occur from May to October,

when the sea water is quite warm; however, even slight
discomfort may trigger a cardiovascular event, espe-
cially if the intervening cold adaptation is short.30

It is clear, therefore, that swimming may benefit
some patients with cardiovascular disease but could
prove fatal to some others. It has been proposed that
these patients, and particularly those with infarctions,
should undergo special testing (e.g. Holter monitor-
ing during swimming) so that those at increased risk
may be identified.26,31

Apart from structural anomalies, pre-existing
functional disturbances, of the conduction system
for example, could also potentially contribute to
causing drowning; their existence may only be dis-
covered by an investigation of the victim’s medical
history.32

At the molecular level, the search for genetic muta-
tions that seem to be related with the occurrence of
dangerous arrhythmias during swimming has been dis-
cussed in some recent studies, with particular emphasis
on the genes that are responsible for familial long QT
syndrome. This syndrome is due to the abnormal func-
tion of the sodium-potassium channels (channelopa-
thy). The genes connected with long QT syndrome are
KCNH1 (LQT1), KCNH2 (HERG, LQT2), SCN5A
(LQT3), ANKB (Ankyrin-B, LQT4), KCNE1 (minK,
LQT5) and KCNE2 (MiRP1, LQT6).33,34 Although the
occurrence of dangerous arrhythmias and/or sudden
death during swimming has been attributed mainly to
LQT1,35 a post mortem study by Lunetta et al showed
the presence of the KCNH2 (HERG, LQT2) gene in
one of 164 drowning victims, while the LQT1 gene was
not present in any.36

The CPVT1 gene also leads to channelopathy and
arises from the mutation of the gene for the cardiac
ryanodine receptor (RyR)-2. Clinically, it is manifested
by catecholaminergic polymorphic ventricular tachycar-
dia (hence CPVT) and it is also associated with causing
sudden death after emotional overload and/or physical
exercise, including swimming.34

A molecular search for the above genes in drown-
ing victims, especially in young people who have no oth-
er risk factors, should be a part of the investigation into
the circumstances and manner of death.36-38 The molec-
ular examination is of particular importance in individ-
uals whose close family includes a victim of drowning
(whether fatal or not), mainly for preventive reasons.39

Nevertheless, in view of the low occurrence rate of
these genes in drowning victims, as well as the variety of
mutations that can lead to channelopathy, molecular
examination has not become part of the regular rou-
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tine. It could perhaps prove useful in the future, in se-
lected cases of younger people who die from drowning
and who do not have known risk factors in their med-
ical history or specific findings from toxicological and
histological examinations.

In any case, our study showed that only a small
percentage of drowning victims were young people
(6% of the victims were aged <30 years), while the
great majority (74%) were over 60 years old. This age
distribution is very different from that found in other
countries. In several studies children and young people
have been shown to be the high risk groups for drown-
ing.40,41 In contrast, in our study children made up only
1% of the victims.

The majority of drowning victims were men, which
agrees with the findings of studies in other countries.41-43

According to data from the Global Burden of Disease,
men have a higher mortality from drowning at all ages
and in all regions.2 This is probably due to the tendency
of men to overestimate their capabilities and to con-
sume more alcohol in comparison with women.44

Another factor that has been associated with caus-
ing drowning is the consumption of alcoholic drinks.
Alcohol may have a negative effect on judgment and/or
motor function. Moreover, even mild alcohol-derived
hypothermia can result in an impaired cardiovascular
response or cause stimulation of parasympathetic tone.
Several studies reported that 30-80% of drowning cases
were alcohol related.45-49 Mackie et al presented a quite
low alcohol involvement (14%) in drowning cases in
Australia.41 However, in our study alcohol detection
was even lower, with only 10% of the drowning victims
being positive for alcohol. 

The use of psychoactive drugs, and particularly in-
hibitors of the central nervous system, may also con-
tribute to causing drowning.45,50,51 In our sample psy-
choactive drugs were found in only a small percentage
of victims (2%).

In Greece there is a common conviction that swim-
ming after a heavy meal can lead to a drowning acci-
dent. The consumption of food before entering the wa-
ter may indeed prove dangerous.52 However, remains
of food in the stomach were found in only 27% of the
victims in our study, which probably means that Greeks
tend to obey the “don’t swim after eating” rule.

It is important to note that the investigation of sub-
mersion cases is one of the most difficult tasks in foren-
sic medicine. In these cases, drowning as the cause of
death should not be taken as a given. All findings from
the autopsy, the histopathological and toxicological ex-
aminations, and when feasible, the scene of the acci-

dent and the deceased’s medical history, should be
carefully recorded and evaluated. The strongest pa-
thognomonic finding for drowning on autopsy is frothy
fluid in the oral cavity and respiratory tracts. Unfortu-
nately, it is rarely seen because it is expelled by attempts
at cardiopulmonary resuscitation or when the body
is moved for transportation to the morgue. Heavy,
swollen lungs, which fill the chest cavity and cover the
precordial space, are also a significant post mortem find-
ing considered to be pathognomonic for drowning.
Characteristically, on cut section, they have a brick red
appearance, with large quantities of oedema fluid flow-
ing from the cut surfaces.53 In cases with the above find-
ings, death is attributed to drowning, even if there are
other pathological lesions or injuries. In fact, according
to the rules of the International Classification of Di-
seases (ICD-10), pathological conditions that lead to
drowning through the victim’s falling into water or inca-
pacity while submerged are considered to be contribu-
tory factors to death, but not causes.52 For example, if a
recent myocardial infarction is found on autopsy, to-
gether with pathognomonic findings for drowning from
the respiratory system, death will be attributed to drown-
ing and the recent myocardial infarction will be consid-
ered as a contributory factor.

In older studies it was maintained that 10-15% of
drowning victims do not inhale water, but die from
laryngospasm or arrest caused by vasovagal stimula-
tion.54,55 Recent studies, however, have shown that the
incidence of “dry lung” drowning cases is less than 2%,
and in those cases another cause of death should be
sought.56,57 In 29 cases of our sample we found no pa-
thognomonic findings for drowning. In all these cases
there were other findings to which death could be at-
tributed—such as acute myocardial infarction, coronary
vessel thrombosis, dissecting aortic aneurysm—and
thus there was no particular problem from the forensic
point of view. A particular problem would have arisen
in the case of a negative autopsy (forensic investigation
with no findings). In such cases, the examiner must be
wary of attributing the death to drowning. It is probably
preferable to characterise the cause as undetermined
and to list the possible causes of death in the report.57

Conclusions

The findings of this study, of course, are of an indicative
nature, since organised epidemiological studies would
be necessary to draw clear conclusions about the pre-
disposing factors that can cause drowning and the
groups that are at high risk. It is, however, the first study

Cardiovascular Disease and Drowing

(Hellenic Journal of Cardiology) HJC ñ 203



in Greece to report the findings from a complete foren-
sic investigation of cases of drowning and, more gener-
ally, submersion. Our study showed that a considerable
number of drowning victims in our sample had heart
disease and were elderly. In consequence, prevention
strategies should be oriented accordingly. Cardiologists
should be informed of the matter and should provide
relevant guidance.
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