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Abstract After decompression from dives, bubbles are
frequently observed in the right ventricular outflow tract
and may lead to vascular damage, pulmonary arterial
hypertension and right ventricular overload. No data
exist on the effect of open sea diving on the pulmonary
artery pressure (PAP). Eight professional divers per-
formed an open sea air dive to 30 msw. Before and
postdive a Doppler echocardiographic study was
undertaken. Systolic pulmonary artery pressure (SPAP)
was estimated from measurement of peak flow velocity
of the tricuspid regurgitant jet; the ratio between pul-
monary artery acceleration times (AccT) and right ven-
tricular ejection time (RVET) was used as an estimate of
the mean PAP. No evidence of either patent foramen
ovale or intra-pulmonary shunt was found in any subject
postdive after performing a Valsalva maneuver. SPAP
increased from 25 ± 3 to 33 ± 2 mmHg and AccT/
RVET ratio decreased from 0.44 ± 0.04 to 0.3 ± 0.02
20 min after the dive, respectively. Pulmonary vascular
resistance increased from 1.2 ± 0.1 to 1.4 ± 0.1 Woods
Units. Postdive right ventricle end-diastolic and end-
systolic volumes were increased for about 19%
(P = 0.001) and 33% (P = 0.001) and right ejection
fraction decreased about for 6% (P = 0.001). Cardiac
output decreased from 4.8 ± 0.9 (l min�1) to 4.0 ± 0.6
at 40 min postdive due to decreases in heart rate and
stroke volume. This study shows that a single open sea
dive may be associated with right heart overload due to
increased pressure in the pulmonary artery.
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Introduction

Neurological injury is currently the most serious
decompression-related problem in recreational divers.
Decompression sickness (DCS) occurs when rapid
exposure to reduced ambient pressure results in gas
phase separation. Venous gas bubbles, when occurring
without any acute clinical signs, have been termed
‘‘silent bubbles’’ (Behnke 1951). Although ‘‘silent’’
bubbles are asymptomatic, the occurrence of many
bubbles is clearly linked to a high risk of DCS (Nishi
1990). We have previously reported that vascular
bubbles lead to a reduction in endothelial function in
the pig pulmonary artery (Nossum and Brubakk 1999)
and that even a low bubble load was associated with
delayed endothelial dysfunction in the rabbit 1–6 h
after exposure (Nossum et al. 2002). Since venous
bubbles were eventually trapped in the pulmonary cir-
culation, they were assumed to have no further effects
on the arterial circulation. It is further assumed that a
right-to-left shunt (R-to-L), which is possible in the
presence of a persistent foramen ovale (PFO), was
necessary for the bubbles to affect the systemic arteries.
Several authors (Wilmshurst et al. 1989; Moon et al.
1989) have shown that there is a relationship between
the occurrence of a PFO and the incidence of neuro-
logical DCS. The other possibility that has recently
been implicated as a possible pathway for crossing over
of the venous bubbles is a large anatomical intra-pul-
monary (I-P) shunt. Eldridge et al. (2004) have shown
that even light exercise in man will allow ultrasonic
contrast consisting of small gas bubbles to move
through the pulmonary circulation and enter the arte-
rial circulation in individuals without any PFO (Eld-
ridge et al. 2004). However, we have recently shown
that these I-P shunts are not recruited during postdive
exercise (Dujić et al. 2005c). Furthermore, we have
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shown that simulated diving can lead to acute arterial
dysfunction in man (Brubakk et al. 2005).

An increase in the pulmonary vascular resistance
(PVR) after diving may lead to the increase in the
pressure within the right heart, which can cause a
reversal of the normal trans-septal pressure gradient.
Other maneuvers that may potentiate R-to-L shunting
of bubbles are any other situations resulting in increased
venous return to the right heart, such as coughing and
the Valsalva maneuver (Balestra et al. 1998). Recently,
Diesel et al. (2002) showed no increase in systolic pul-
monary artery pressure (SPAP) after simulated altitude
decompressions inducing high grade venous gas bubbles;
we have confirmed this finding in recreational air divers
after a simulated chamber dive (Valic et al. 2005). The
results of human studies seem to contradict the animal
data, which show a pulmonary artery pressure (PAP)
increase (Vik et al. 1993; Butler et al. 1989).

The physiological stress of open sea diving in com-
parison with simulated, dry chamber dives is greater due
to additional factors such as immersion, exercise, and
cold water. We have recently shown that a single open
sea air dive is associated with acute, postdive depressions
in lung respiratory function and cardiac output (Dujić
et al. 2005a). Marabotti et al. (1999) have also found
that a recreational scuba dive is associated with cardiac
changes 2 h after a dive, suggesting a right ventricular
overload and an impairment of both right and left
ventricular diastolic performance.

Accordingly, the primary aim of this study was to
investigate whether the PAP was increased after a single
open sea air dive. The second aim was to investigate
whether a Valsalva maneuver recruited I-P shunts after
diving, causing paradoxical arterialization of the venous
gas bubbles.

Methods

Study population

The study enrolled eight Croatian Navy divers aged
35.6 ± 3.6 years (mean ± SD, range 32–40), with the
average body mass index of 25.9 ± 2.4 kg m�2 (range
21.4–29), height 1.81 ± 0.05 m (range 1.75–1.87), and
body fat index 17.1 ± 3.0 (% body fat/kg). The subjects
were all experienced divers with considerable diving
experience (several thousand hours of air and oxygen
diving). All participants were nonsmokers and had a
valid medical certificate for diving, issued by official
navy medical staff. At the time of the study, the divers
showed no signs of acute or chronic illness. All experi-
mental procedures were conducted in accordance with
the Declaration of Helsinki, and were approved by
Ethics Committee of the University of Split School of
Medicine. Each method and potential risks were ex-
plained to the participants in detail and they gave their
written informed consent before the experiment.

Maximal O2 uptake ð _V O2maxÞ and maximal heart
rate (HRmax) were determined in all divers 1 week before
the experiments using incremental protocol on the
bicycle ergometer (Marquette Hellige Medical Systems
900 ERG, Milwaukee, USA). The subjects were initially
warmed up during 10 min with cycling at 25 W. The
starting load was 50 W, with further 25 W increases
each following minute up to exhaustion. This occurred
within 11–14 min in all subjects. Detailed information
about _V O2max measurement is presented elsewhere
(Dujić et al. 2005b). The _V O2max for the group was
42.2 ± 4.5 ml kg�1 min�1 and the HRmax at _V O2max

was 178.8 ± 8.5 beats per min (bpm).

Timeline of measurements

Cardiovascular parameters were measured with ultra-
sound 30 min before, and 20 and 40 min after field dive.
_V O2max was measured a week before dive.

Location and duration of the study

The study was performed at the military base of the
Croatian Navy Forces over a 1 week period. The diving
site was located in the vicinity of the base, where the
divers were transported by a powerboat, during a
10 min drive. The site was chosen because it allowed us
to perform dives of the suitable depth and duration. Sea
temperature at bottom and at the decompression stop
was 14�C for all dives, and outside temperature varied
between 15 and 18�C.

Dive protocol

All dives were performed by divers equipped with wet
suits in accordance with the Croatian Navy and US
Navy diving manual (US Navy 1996). Depth of the
dive was set to 30 msw with a descent rate of
10 m min�1, and each pair of divers was supplied with
a diving computer (Mosquito, Suunto, Finland). The
divers were told to swim on the bottom over the dis-
tance of 500 m, mimicking 30% of their _V O2max; the
distance covered was controlled by the personnel on
the powerboat and the work load by subjects them-
selves by monitoring their preselected HR during the
dive (Polar S810i HR monitor, Polar, Finland). The
divers swam at the bottom for 500 m in 30 min with a
speed of 17 m min�1. After 30 min at bottom, the as-
cent rate to decompression depth was 9 m min�1, with
a decompression stop at 3 m for 3 min. During the
decompression period, the divers were told not to
perform any exercise as we have shown that this re-
duces the bubble formation (Dujić et al. 2005b). HR
data were downloaded to a personal computer and
later analyzed.

479



Echocardiography study

After the completion of the diving protocol, the divers
were transported to the facility where they took a brief
shower before further monitoring. After the shower, the
subjects were placed in the supine position and an
echocardiograph investigation with a phase array probe
(1.5–3.3 MHz) using a Vivid 3 Expert ultrasonic scanner
(GE, Milwaukee, USA) was conducted. All echocardi-
ography investigations were performed by the same,
experienced cardiologist (AO). The occurrence of gas
bubbles in the right heart and the pulmonary artery was
determined. Ultrasound images were graded according
to a previously reported method (Eftedal and Brubakk
1997) as follows: (0) no bubbles, (1) occasional bubbles,
(2) at least one bubble/4th heart cycle, (3) at least one
bubble/cycle, (4) continuous bubbling, at least one
bubble per cm2 in all frames and (5) ‘‘white-out’’, indi-
vidual bubbles cannot be seen (this grade has been ob-
served only in animals). The grading system is non-linear
when compared to the actual number of bubbles in the
pulmonary artery. Therefore, bubble grades were con-
verted into bubbles per cm2 as described by Nishi et al.
(2003).

Doppler ultrasound was used to estimate PAP before
and after the dive. This was done with two methods,
pulsed and continuous Doppler echocardiography, in
each diver.

After determination of the bubble grade, the trans-
ducer was pointed to the outflow tract of the right heart,
with pulse wave Doppler sample volume positioned at a
level of pulmonary valve annulus. The PA flow velocity
was recorded during cessation of breathing on an S-VHS
videotape. Doppler measurements were averaged over
three consecutive cardiac cycles. AccT (the time interval
between the onset and peak of pulmonary flow velocity,
in ms), RVET (the time interval from the onset to ter-
mination of the systolic pulmonary flow velocity, in ms)
and R–R interval (ms) (the time interval between two R
waves of electrocardiogram) were measured. The AccT/
RVET ratio was calculated for each cardiac cycle. The
baseline predive AccT/RVET ratio was a mean of two
measurements. We used AccT/RVET as an index of the
mean PAP because others have shown a good relation-
ship between AccT/RVET and invasively measured PAP
in healthy subjects (r = �0.91) (Kitabatake et al. 1983).
Systolic PAP (SPAP) was measured with spectral
Doppler ultrasound by measuring peak flow velocity of
the regurgitant jet through the tricuspid valve (TR)
during systole (Yock and Popp 1984). The peak flow
velocity, or _Vmax, of the TR jet was used to calculate
right ventricular systolic pressure (RVSP). Typically,
five measurements were averaged to provide an assess-
ment of _Vmax at each point in the exposure. For this
study right atrial pressure (PRA) was assumed to be
5 mmHg. SPAP was calculated from the following
equation: RVSP ¼ 4 TR _Vmax

� �2
+ PRA. In the ab-

sence of pulmonary stenosis, RVSP and SPAP are the
same. We have preselected eight subjects with present

TR jet from the group of ten tested subjects. This
prevalence of TR jet positive subjects is similar to other
studies in athletes (Douglas et al. 1989) and healthy
subjects (Singh et al. 1999). Our subjects were highly
endurance trained special military divers with regular
aerobic training sessions.

Pulmonary vascular resistance (PVR)

PVR was estimated from the ratio of peak tricuspid
regurgitant velocity (TRV, m s�1) to the right ventricu-
lar outflow tract time–velocity integral (TVIRVOT, cm)
obtained by Doppler echocardiography (TRV/TVIRVOT

· 10 + 0.16, in Woods Units, WU). The normal range of
PVR is from 1 to 4 (Abbas et al. 2003).

Cardiac dimensions

The apical four-chamber view was identified initially by
palpation of the cardiac apex with the patient in the left
lateral decubitus position. Transducer position was then
adjusted as needed to obtain optimal images. The four-
chamber view displays all four cardiac chambers, as well
as the ventricular and atrial septa. This view was used
for right ventricular end-systolic and end-diastolic vol-
ume (ESV and EDV) calculations according to the
Simpson’s method. Because both end-diastolic and end-
systolic measurements are needed for volume calcula-
tions (Campana et al. 2004), the electrocardiogram was
continuously recorded. Ejection fraction of the right
ventricle was calculated from the following equation:
RVEF = (RVEDV–RVESV)/RVEDV. Images were
acquired using ECG gating during acquisition, using the
onset of R wave to identify end diastole.

Cardiac output was measured as a product of stroke
volume (SV) and HR. SV was calculated from pulmo-
nary artery cross sectional area (CSA) and velocity time
integral (VTI). CSA was calculated from measured
pulmonary artery diameter as CSA = p (D/2)2, where D
is pulmonary artery diameter.

Before performing Valsalva maneuvers, the inter-at-
rial septum was located, and the ultrasonic probe was
positioned to allow a clear view of both the right and left
atrium. The subjects were asked to perform a high-strain
Valsalva maneuver, which was held for �10 s before
release. This was repeated twice with a resting interval of
2 min.

Ultrasound was used to measure flow mediated
dilatation (FMD) of the brachial artery; the results of
this part of the study are reported elsewhere.

Statistical analysis

Data are expressed as mean ± SD. The effect of diving
on studied variables in different postdive times was
evaluated by Friedman analysis of variance, whereas
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post-hoc comparisons were done by Wilcoxon sign rank
test. Non-parametric tests were used because of the
small sample size (N = 8). P < 0.05 was considered
statistically significant. All analyses were done with
Statistica 7.0 software (Statsoft, Inc., Tulsa, OK, USA).

Results

All eight divers successfully completed the designated
protocol, and none developed any symptoms of DCS. In
one participant no bubbles were found during the first
40 min at rest in the supine position, whereas in the
other seven the dive profile produced venous bubbles
(Table 1). No evidence of either PFO or I-P shunt was
found in seven divers with postdive bubbles during the
postdive Valsalva maneuvers (Fig. 1). Figure 1 shows a
four-chamber view of the heart immediately after Val-
salva maneuver of diver No. 6 with bubble grade 4,
average SPAP of 37 mmHg and AccT/RVET ratio 0.27
(at 40 min after the dive).

SPAP increased from 25 ± 3 to 33 ± 2 mmHg
(P = 0.001), and AccT/RVET ratio decreased from
0.44 ± 0.04 predive to 0.3 ± 0.02 20 min after the dive
(P = 0.001); Fig. 2a, b), an increase in PAP of about
32%. These differences are significant (P = 0.001 and
P = 0.001, respectively). PVR increased significantly
from 1.2 ± 0.1 to 1.4 ± 0.1 WU (P = 0.001) (Fig. 2c).
Figure 3 shows the right ventricular outflow tract in
diver No. 8 showed that AccT was reduced from
137.8 ms at baseline to 96 ms at 20 min after the dive,
while RVET was prolonged from 328 to 380 ms (Fig. 3).

At postdive evaluation, right ventricle EDV and ESV
were increased by 19% (P = 0.001) and 33%
(P = 0.001), respectively, and right ejection fraction
decreased by 6% (P = 0.001) (Fig. 4). Reduction in
right ejection fraction was greater in divers with greater
SPAP increase (P = 0.01). Cardiac output decreased
significantly from 4.8 ± 0.9 (l min�1) at baseline to
4.0 ± 0.6 at 40 min (P = 0.001) after dive due to de-
creases in the heart rate and stroke volume (Fig. 5).

Heart rate decreased from 61.3 bpm at baseline to
53.3 bpm at 20 min after dive.

The median bubble grade was 1.5 at 20 min and 2.0
at 40 min after dive, giving an average bubble load of
0.6 bubbles per cm2 over that time period. One of the
divers had no bubbles during the observation time.

Discussion

We found that the PAP and PVR increased after a
single open sea air dive to 30 m in professional divers.
This was accompanied by an increase in the right
ventricular end-diastolic and end-systolic volume and a
decrease in the ejection fraction and cardiac output.
This is contrary to what was observed after a simulated
dry dive, where no increase in PAP was noted (Valic
et al. 2005). Both dry and wet dives are associated with
hyperoxia, increased density of breathing gas, and
decompression stress with possible formation of venous
bubbles and subsequent pulmonary microembolisation.
Additional factors that have to be considered in open
sea bounce dives are immersion, the mechanical load of
the breathing apparatus, greater level of physical
activity, and exposure to cold. Cold seawater may, by
inducing peripheral cutaneous vasoconstriction, in
conjunction with the immersion effect, potentiate
greater central pooling of blood than in dry dives. The
uptake and elimination of inert gas is dependent on
blood flow during the dive. Exercise during the bottom
phase of a dive increases the amount of gas taken up
due to exercise and immersion induced increase in
cardiac output (Flook 1997). In this study, divers per-
formed light exercise 30% _V O2max

� �
during the bottom

phase of the dive to simulate working conditions,
which could lead to an increase in gas uptake.

Mechanisms of increased PVR and PAP

In the present study, PAP was non-invasively estimated
with two non-invasive methods, using continuous or
pulsed Doppler echocardiography (Yock and Popp
1984; Kitabatake et al. 1983). We found increases in
both systolic and mean PAP by about 30% after a single
dive, as well as an increase in PVR by about 20%. This
result is different to what was seen in previous studies
using a simulated hyperbaric (Valic et al. 2005) or hyp-
obaric protocol (Diesel et al. 2002), where no pressure
increase could be seen. The increased PAP and PVR
were not expected to cause any clinical symptoms,
bearing in mind the large functional reserve in the pul-
monary circulation and the good aerobic cardiovascular
fitness of our subjects. At present, the mechanism
causing increases in PAP and PVR after only a single
field dive is unknown.

Although open sea diving may cause increased PAP
after the dive, our findings showed that gas bubble for-
mation seemed to play a minor role.

Table 1 Individual bubbles per square centimeter for all eight
divers

Subject
no.

BG

20 min 20 min
cough

40 min 40 min
cough

1 0.05 0.2 0.05 0.05
2 0.2 0.2 0.2 0.75
3 0.75 0.75 0.2 0.75
4 0.05 0.05 0 0.05
5 0.05 0.05 0.2 0.2
6 3.5 3.5 3.5 3.5
7 0 0 0 0
8 0.2 0.75 0.2 0.2
Mean ± SD 0.60 ± 1.20 0.69 ± 1.18 0.54 ± 1.20 0.69 ± 1.18

Values are presented as mean ± SD
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The exact mechanism(s) of increased PVR after the
dive still remains elusive. Venous bubbles lodging in the
pulmonary circulation may cause mechanical, humoral,
and biochemical effects. Humoral factors, like trom-
boxane A2, histamine, endothelin and serotonin have
been implicated in pulmonary microembolization by
bubbles (Malik 1983). We and others (Nossum et al.
2002; Marabotti et al. 1999) have shown that venous
bubbles may damage pulmonary endothelium. The in-
creased PAP and PVR in the present study complements
experimental studies reporting similar findings (Vik et al.
1993; Butler et al. 1989) in anaesthetized animals per-
forming simulated dry dives. Venous gas emboli lead to
an initial increase in PAP, followed by a decrease in
arterial oxygen tension. The results of this study support
previous studies reporting cardiac changes after open sea
dives to 39 m (Dujić et al. 2005a) and 30 m (Marabotti
et al. 1999). We have previously shown that postdive

reductions in cardiac output were the result of decreased
stroke volume, in presence of increased systemic vascu-
lar resistance and unchanged arterial blood pressure. In
the present study, we found a similar reduction in car-
diac output of about 20%, using a different method of
measurement (echocardiography vs CO2 rebreathing).
In animal models, the decrease in cardiac output after
dives was related to reduced venous return and increased
afterload of the right and/or left ventricle (due to in-
creased PAP and systemic vascular resistance, respec-
tively) (Bove et al. 1974; Vik et al. 1990; Butler et al.
1996). Marabotti et al. (1999) reported significant
changes in cardiac function 2 h after a dive in recrea-
tional divers who produced bubbles. Right ventricular
overload was present together with impairment of the
left and right ventricular diastolic function; a reduction
in left ventricular function was also seen in divers
without detectable bubbles.

Fig. 1 Right ventricle (RV) and right atrium (RA) gas bubbles
(grade 4) without signs of right-to-left shunting after Valsalva
maneuver at 20 min (a) and 40 min (b) after reaching surface. The
figure shows a four-chamber view of the heart immediately after
Valsalva maneuver of diver No 6 with bubble grade 4, average
SPAP of 37.1 mmHg and AccT/RVET ratio 0.27 (at 40 min after
the dive)

Fig. 2 Changes in systolic pulmonary arterial pressure (SPAP) a
Acct/RVET ratio b and pulmonary vascular resistance (PVR) c at
20 and 40 min after dive. Values are mean ± SD, P < 0.05
compared to baseline

482



While simulated dry dives had no effect on ventricu-
lar function, an open water dive did, as shown in this
study. We observed that arterial endothelial function
was significantly reduced after a single simulated air dive
(Brubakk et al. 2005) and showed that this effect was in
part an effect of hyperoxia. As reported elsewhere (A.
Obad et al., personal communication), endothelial
function was also determined in the divers participating
in this study, endothelial function after the dive was
reduced by 63 vs 45% in the previous study. Thus it
seems that an open water dive has a more depressive
effect on the endothelium than a dry dive.

Immersion in thermoneutral water leads to an in-
crease in thoracic blood volume of approximately
700 ml (Arborelius et al. 1972) and 180–240 ml of this
was allotted to the heart volume with enlargement of all
four chambers (Risch et al. 1978). Stroke volume is in-
creased for about 50% after upright immersion up to the
neck in healthy individuals (Meyer and Bucking 2004).
This leads to an increase in both right ventricular
dimensions and PAP and to PVR that in some cases can
even lead to pulmonary edema (Pons et al. 1995). To our

knowledge PAP values during prolonged immersion or
swimming have not yet been measured. The reduction in
endothelial function observed after the dive is probably
also present in the heart, a reduction in endothelial
function is an important factor in heart failure (Land-
messer and Drexler 2005). Thus, immersion and hyper-
oxia, in addition to gas bubble formation caused by
decompression, can reduce systemic as well as pulmo-
nary artery and cardiac endothelial function and ac-
count for the observations.

Recently Eldridge et al. (2004) have shown that
increasing exercise intensity causes R-to-L pulmonary
shunting of agitated saline contrast in healthy humans,
suggesting a recruitment of dormant I-P arteriovenous
shunts. I-P shunting was fostered by an increased
PAP during exertion and it was suggested that these
shunts may act as a protective parallel vascular network
helping to maintain high cardiac output during exercise

Fig. 3 Changes in AccT and RVET before (a) and 20 min after
dive (b). a AccT = 137.8 ms, RVET = 328 ms. b AccT = 96 ms,
RVET = 380 ms

Fig. 4 Changes of right ventricle end-diastolic volume (EDV, a),
end-systolic volume (ESV, b) and ejection fraction (EF, c) before
and at 40 min after dive. Values are mean ± SD. *P < 0.05
compared to baseline
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(Eldridge et al. 2004). However, we have recently shown
that I-P shunts are not recruited during exercise after
open sea diving (Dujić et al. 2005c), thereby reducing
the risk of arterial gas embolism with exercise after
dives. R-to-L shunting is usually confirmed by the use of
transthoracic, transesophageal echocardiography or
transcranial Doppler after saline contrast infusion at
rest, or after a Valsalva maneuver or a cough (Kerut
et al. 2001). The Valsalva maneuver is frequently used to
increase the sensitivity of contrast echocardiography.
After the end of the Valsalva maneuver, increased venous
return causes a significant rise in right atrial pressure
with a leftward bulging of the interatrial septum (Balestra
et al. 1998). We have found in this study that in no
subject, the Valsalva maneuvers performed at the time of
increased PAP after the dive, caused recruitment of
dormant I-P arteriovenous shunts evidenced by the lack
of R-to-L shunting of gas bubbles. This study supports
previous findings (Dujić et al. 2005c) that I-P shunts are

not recruited either during exercise or during other states
of increased PAP, such as after diving.

Study limitations

Our study was performed on a small number of subjects
and the results therefore have to be viewed with caution.
The indirect measurements of PAP that we used have
been used successfully in clinical setting, and recently
these or similar methods have been used in environ-
mental physiology investigations (e.g. Marabotti et al.
1999; Diesel et al. 2002; Valic et al. 2005). Still these non-
invasive measurements might have produced inaccurate
absolute estimates of some of the cardiovascular vari-
ables. Therefore, we utilized two methods for estimating
PAP (AcT/RVET and TG jet) and both showed similar
trend in postdive period. Furthermore, since every diver
was his own control (predive vs postdive), we believe
that the techniques employed are acceptable substitutes
for invasive measurements (e.g. right heart catheteriza-
tion).

In conclusion, there has been for many years a con-
siderable controversy about the long-term effect of div-
ing on the organism. We have recently shown that a
single dry dive, even with a minimum bubble load, may
impair arterial endothelial function (Brubakk et al.
2005). The present study shows that a single open sea
dive may impair acutely the function of the pulmonary
artery and the right heart, probably by the same mech-
anism. Further studies are needed to evaluate the
importance of these findings as a possible mechanism for
long-term changes of the cardiovascular system in rec-
reational and professional divers.
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