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»CARDIOVASCULAR TOP THREE"™ - CAN PATIENTS WITH THE MOST COMMON CARDIOVASCULAR
CONDITIONS BECOME CANDIDATES FOR RECREATIONAL SCUBA DIVING?
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ABSTRACT

Cardiovascular diseases such as coronary artery disease, hypertension, and diabetes are some of the most common conditions among the population. An
ever-increasing number of recreational divers forces us to consider the impact on unprepared diving patients with cardiovascular diseases, in whom
profound changes occur during the dive. People in at-risk groups should have a medical check-up before diving to minimise the risk of possible
complications.
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INTRODUCTION

The growing interest in recreational diving with
self-contained underwater breathing apparatus (SCUBA)
raises the need to monitor the effects of full-body
immersion on cardiovascular changes. The high
prevalence of cardiovascular disease among the
population increases the risk of a person interested in
recreational diving being also at cardiovascular risk [1-3].
The centralisation of circulation that results from
immersion is caused by an increase in hydrostatic
pressure, which leads to an increased venous return of
blood to the heart, thus increasing preload. The high
partial pressure of oxygen in the SCUBA gas mixture
activates the parasympathetic nervous system by
increasing the phrenic nerve tone and decreasing the
sympathetic component. These changes lead to
bradycardia and increased cardiac output [4,5].

Unprepared amateur divers are particularly at
risk from exposure to these changes, which may result in
the occurrence of decompression sickness, which can
manifest as symptoms ranging from a minor rash to death
[6,7]. Many factors influence the severity of
cardiovascular complications that may occur during
diving, such as age, body mass index, level of fitness
preparation, and comorbidities [8,9]. Cardiovascular
diseases are one of the most common conditions, which
with the ever-increasing number of recreational divers,
forces us to consider the impact of unprepared diving
patients with cardiovascular diseases, in which serious
changes occur during the dive [4,9]. This review
summarises the knowledge on the correlation between
diving and its effect on patients suffering from coronary
artery disease, hypertension, and diabetes.

CORONARY ARTERY DISEASE

SCUBA diving increases oxygen demand by the
heart muscle and thus may increase ischemia in patients
with heart disease. Even dives generally considered safe
that do not involve great depths can be associated with
significant cardiovascular changes [19]. With 80-90% of
diving deaths occurring in patients over the age of 50, the
Divers Alert Network (DAN) recommends assessing
coronary artery disease (CAD) in patients already over
the age of 40. Such recommendations emphasise how
high the risk of diving with undetected CAD can be. This
assessment should be made by evaluating risk factors and
electrocardiographic examination [25].

Among the risk factors that are significant in
assessing the occurrence of complications in a diving
patient are family history, smoking, high blood pressure,
high cholesterol, obesity, diabetes mellitus, and sedentary
lifestyle, as well as other classical risk factors such as age,
male gender, cocaine and amphetamine use, obstructive
sleep apnoea, and parameters such as low potassium and
magnesium levels. Further management depends on the
changes - often, an exercise electrocardiogram is
recommended, during which a person wishing to dive
should tolerate an effort of 13 METSs. In patients after
myocardial infarction or surgical treatment of coronary
artery disease, it is recommended to abstain from diving
for at least 6 to 12 months with subsequent assessment of
the patient's condition by a specialist [25,26]. CAD is not
an absolute contraindication to recreational diving.
However, people who undertake recreational diving with

CAD should be aware of the risks and should be screened
periodically.

HYPERTENSION

Hypertension is one of the most common
diseases in the general population. As many cohort
studies also show a large number of divers suffer from
this condition, and as a result, they take anti-hypertensive
medications. The 2018 Divers Alert Network (DAN)
survey reports that among US divers surveyed, as many
as 24.6% have hypertension, and the European Society of
Cardiology's 2018 Cardiovascular Risk Factors report
showed an even higher percentage of hypertension
among divers, at 32.7% [18,19]. Pharmacotherapy of
hypertension in the diver needs to take into consideration
the physiological aspects resulting from the sport. Among
the most important of these are centralisation of
circulation, vasoconstriction of peripheral vessels reflex
bradycardia. As a consequence, arterial pressure
increases [4,5,9].

e Angiotensin-converting enzyme inhibitors
(ACEIs) are a safe group of antihypertensive
drugs to use, but particular attention should be
paid to whether the diver does not develop the
most commonly described adverse effect - dry
cough. SCUBA divers breathing a dry gas
mixture may be particularly susceptible to its
occurrence. In this case, a change from ACEi to
an angiotensin Il receptor blocker is
recommended. However, ACEIs still remain the
first choice of treatment for hypertension among
divers when no other therapy is indicated.

e Calcium antagonists are vasodilators whose
common adverse effect is orthostatic
hypotension. During a dive, a sudden drop in
blood pressure may occur during ascent when
the centralising effect of the circulation is
reversed. Therefore, divers taking calcium
antagonists should be cautioned to leave the
water carefully so that the circulatory system
can adapt to returning to functioning conditions
after ascent.

e Thiazide diuretics are a relatively safe group of
antihypertensive drugs to use. However, the
effect of dehydration should be taken into
account, and care should be taken to ensure
adequate hydration before and after diving.

e Beta-Blockers may affect safety during diving
through several mechanisms. Their effects on
bronchial receptors may cause a decrease in
forced expiratory volume in 1 second (FEV1),
and their Chronotropic negative effects on the
myocardium may potentiate reflex bradycardia
after a dive. Once these adverse effects have
been ruled out in the patient, they may be used
in divers [20-23].

It has been reported that divers with
hypertension are at particular risk of developing
immersion pulmonary oedema, during which there is
a relatively sudden accumulation of fluid in the lungs as
a result of circulatory changes occurring after immersion.
This can cause significant shortness of breath, chest pain,
and coughing. This is not a common occurrence but is
difficult to predict and can be fatal, and hypertension has
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been described as a significant risk factor [1,24].

Well treated hypertension is not
a contraindication to diving. Its prevalence among the
population indicates how important it is that a person
wishing to begin recreational diving be under control,
taking into account the adverse effects of individual
drugs, which may have a specific course due to changes
occurring in the cardiovascular system during diving.

DIABETES

Diabetes mellitus (DM) was previously
considered a contraindication to recreational SCUBA
diving, primarily because of the risk of underwater
hypoglycemia, which carries with it impaired
consciousness. There were no specific guidelines for the
eligibility of patients with DM for amateur diving, and
regulations regarding this issue varied widely from
country to country [10-12]. In the United Kingdom, diving
was restricted in 1992 to people with diabetes mellitus
who require drug therapy. Recommendations from the
Australian Society in 1994 described diving by people
treated with insulin as strongly discouraged. However,
increasing scientific evidence, including epidemiological
studies and controlled case studies, indicates that some
patients with DM can safely dive under appropriate
conditions. Especially in type Il DM where hypoglycemia
occurs much less frequently due to residual pancreatic
cell function [9,12,13].

In 1997, a study of patients with DM type 1 was
performed in a hyperbaric chamber. Its results showed no
difference in blood glucose levels measured at sea level
and in the chamber under conditions mimicking a dive to
a depth of 27 meters [13], Based on the current state of
knowledge, it is possible to qualify a diabetic patient for
admission to diving. However, it is worth emphasising
that such a patient must report for such qualification, and
unfortunately, in many centres where amateur diving is
practiced, it is not required. There are still differences in
guidelines and recommendations depending on the
scientific society [11]. Despite their differences, however,
they all emphasise the four most important pillars that
must be met for a patient with DM to be safely allowed to
dive:

e A patient with well-adjusted DM without the
occurrence of episodes of severe hypoglycemia
and without serious complications.

e [t is suggested that the maximum number of
immersions per day should not exceed two and
the interval between them should be longer than
60 minutes, and the depth of immersion should
be a maximum of 30m.

e  Glycemic measurements should take place 60
minutes, 30 minutes, and immediately before
immersion and after immersion.

e Educate the dive partner on the symptoms of
hypoglycemia and hyperglycemia, have oral,
readily available glucose on the surface and
during the dive, and have glucagon for
parenteral administration on the surface-the
dive partner must also be trained in its
application. When training a partner, it is worth
paying attention to the signalling of
hypoglycemia - a diver with DM sensing a drop
in blood glucose during the dive shows his

e partner a sign in the form of the letter L formed
by the thumb and forefinger. This is the "low"
sign and thus signals a low blood glucose level
[14-17].

e An important recommendation is to give up
sulphonylurea derivatives on the day of diving,
which is prone to hypoglycemia [13]. A diver
with DM may also, after appropriate training,
take glucose paste while still underwater;
however, the priority is always to ascend as
quickly as possible and take oral glucose on the
surface [11,13,14].

This structured approach allows the patient with
DM to safely qualify for amateur diving, including those
treated with insulin.

SUMMARY

The popularity of recreational SCUBA diving is
growing, and so is the need to make people aware that
cardiovascular disease is the leading cause of diving
accidents. People in at-risk groups should have a medical
check-up before diving to minimise the risk of possible
complications. DAN emphasises the importance of
training and educating people with CAD, hypertension,
and diabetes. This systematic approach allows for the safe
qualification for amateur diving of people burdened with
one of the diseases from the cardiovascular top three.
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