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Abstract

(Jurd KM, Thacker JC, Seddon FM, Gennser M, Loveman GAM. The effect of pre-dive exercise timing, intensity and mode
on post-decompression venous gas emboli. Diving Hyperb Med. 2011 December;41(4):183-188.)

Introduction: The effect of pre-dive exercise on post-decompression venous gas emboli (VGE) remains contentious. The
aim of our study was to investigate the effect of timing, intensity and mode of exercise before diving on post-decompression
VGE production.

Methods: Fifteen male volunteers performed three identical 100 min chamber dives to 18 metres’ sea water. Two of the three
dives were conducted with prior exercise at 24 or 2 h; a dive without prior exercise formed the control. Moderate-intensity
impact exercise consisted of jogging on the spot for one minute followed by ten star jumps, repeated for a total of 40 min at
70% of maximum heart rate. Post-dive Doppler monitoring began within 2 min of surfacing and was carried out for at least
180 min. VGE were assessed using the Kisman-Masurel (KM) code and the Kisman Integrated Severity Score (KISS).
Results: The median peak KM grade for each condition following the dives was not significantly different. Pre-dive exercise
at 2 h resulted in a significant reduction in the mean KISS compared to the control (11.3 versus 17.2, P < 0.04, Wilcoxon
sign-ranked test). Moderate-intensity jogging/star jump exercise used in this series of dives resulted in significantly lower
mean KISS (11.3 versus 21.8, P < 0.04) and median KM grade over 180 min (P < 0.006, Mann Whitney U test) compared
to high-intensity cycling exercise used in our previous study.

Conclusions: This study suggests that moderate-intensity impact exercise reduces VGE production when conducted 2 h

prior to diving.
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Introduction

The effect of pre-dive exercise on post-decompression
venous gas emboli (VGE) remains contentious. It was
thought for many years that exercise before, during, or after
diving, was an additional risk factor for decompression
sickness (DCS).! However, a number of studies conducted
by two main groups over the last few years have shown that
this may not be the case and that exercise prior to diving may
actually help to reduce bubble formation and the incidence
of DCS. There are, however, differences in the results of
these studies with respect to the timing, intensity and mode
of the exercise conducted.>'”

Wisloff et al. demonstrated that a single bout of high-
intensity aerobic exercise performed by rats on a treadmill
20 h before a chamber dive reduced VGE formation and
gave protection from lethal DCS.? Scheduling appeared
to be important, protection occurring only if the interval
between exercise and the subsequent dive was 10-20 h.
Dujic et al. then demonstrated in man, that a single bout
of high-intensity exercise (treadmill running) 24 h before
performing a chamber dive to a depth of 18 metres’ sea
water (msw) significantly reduced the amount of VGE in
the pulmonary artery compared to no exercise.’

Further studies in rats found the same high-intensity treadmill
exercise starting 2 h before a dive either increased or had
no effect on VGE formation and eliminated the protection
afforded by exercise 20 h prior to diving.*® Contrary to
this, a study in military divers found that medium-intensity
running starting 2 h before a chamber dive to 30 msw
decreased VGE formation.” This was repeated using high-
intensity running at a controlled heart rate, which resulted
in the same outcome.® The same dive profile was then
performed in open-water, with medium- or high-intensity
cycling 2 h prior to diving; both intensities reduced bubble
grades.’ Furthermore, Castagna et al. have recently found
that 45 min of treadmill exercise starting just one hour before
an open-water dive also reduced bubble grades.!®

These apparent contradictions in the effect of pre-dive
exercise timing led to our study. Our previous series of
dives were preceded by exercise which mimicked the high
intensity and duration used by Dujic et al., but substituted
treadmill running with low-impact cycling.>!! The exercise
was performed at 24 h or 2 h before a chamber dive to
18 msw, but showed no benefit in reducing VGE compared
to the no-exercise controls. As a continuation of our study,
the present series of dives examined the effect of reducing
the intensity and increasing the impact of the exercise on
VGE production following identical dive profiles.
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Methods

The study was approved by the UK Ministry of Defence
Research Ethics Committee and conducted in accordance
with the principles of the Declaration of Helsinki.'?

SUBJECTS

Fifteen male volunteers, aged 22-53 (mean 36.5) years,
participated in the study. They comprised Royal Navy (RN)
divers and QinetiQ staff with mixed wet- and dry-diving
experience, all of whom had passed their dive medical,
involving a fitness test. The purpose of, and procedures
and risks associated with the study were explained and the
volunteers gave their written consent. Each subject’s height
and weight were measured and their body mass index (BMI)
calculated. Their percentage body fat was measured by
bioelectrical impedance analysis using a Bodystat 1500™.

HYPERBARIC EXPOSURES

The study was carried out at the QinetiQ Hyperbaric
Medicine Unit, Royal Hospital Haslar, Gosport, UK, a
Category 1 facility containing an RN Type A recompression
chamber. The chamber air dives were to 18 msw with a
bottom time of 100 min. Decompression stops were at 6
msw for 5 min and 3 msw for 15 min, with an ascent rate
of 15 msw min" in accordance with RN Table 11-Mod."
Each subject conducted three dives; two were conducted
with exercise bouts at 24 or 2 h pre-dive and a dive with
no prior exercise formed the control. The order in which
the exercise or control dives were conducted was randomly
allocated and each dive commenced at exactly the same time
each day (1300 h) to avoid any influence of circadian effects.
No flying or diving was permitted for at least seven days
before commencing the trial and there were at least seven
days between the experimental dives. Alcohol and caffeine
were prohibited from the evening of the preceding day, but
the subjects were free to eat breakfast and lunch on the day
of their chamber dives.

This series of chamber dives formed a continuation of
our study examining the effect of pre-dive exercise on
VGE formation. The same dive profile, period between
dives and timing and duration of pre-dive exercise were
used throughout. The only difference was in the mode and
intensity of exercise conducted: medium-intensity impact
exercise (described below) compared to previous high-
intensity cycling.

EXERCISE REGIMEN

The exercise regimen for this series of chamber dives
consisted of jogging on the spot for 1 min followed by 10
star jumps, repeated for a total of 40 min. No exercise was
permitted for 48 h before a dive or exercise bout. Participants
were fitted with a Polar™ heart rate monitor and after a brief

warm-up period they were asked to aim at 70% of their
theoretical maximum heart rate (220 - age (in years) beats
min™') for the exercise period.

DOPPLER MONITORING

Pre-cordial Doppler monitoring of VGE was carried out
using a continuous-wave Doppler Bubble Monitor (Techno
Scientific Inc., TSIDBM 9008) with the subject standing at
rest. Pre-dive baseline monitoring was carried out shortly
before the dives. Post-dive monitoring began within 2 min
of surfacing and was carried out every 5 min for the first
30 min and every 15 min thereafter, up to 180 min. Subjects
were asked not to depart before their Doppler VGE score
was declining and so, on a few occasions, monitoring was
continued beyond 180 min, but only data collected up to
180 min were used in the analysis. Subjects remained at rest
for the whole of the monitoring period. VGE were scored
using the Kisman-Masurel (KM) code and the Kisman
Integrated Severity Score (KISS) was then calculated to
give a linearised measure of VGE.!*!> Doppler technicians
were blinded to the order of the exercise and control dives
and were assigned to the monitoring of the same subject for
each of their three dives. The Doppler technicians each had
several years of experience of audio Doppler monitoring and
undertook regular quality assurance assessments. Monitoring
sessions were recorded so that they could be re-analysed at
a later time if required, using an Archos 605 portable media
player, which directly encoded the audio signal to Waveform
Audio File Format sampled at 44,100 Hz.

STATISTICAL ANALYSIS

Subject variables are presented as mean and standard
deviation (SD). Individual peak Doppler KM grades for

Table 1
Subject demographics
Subject Age (years) BMI (kg m?) Body fat (%)
1 47 28.7 19.1
2 41 26.3 23.2
3 49 254 18.7
4 53 25.1 21.1
5 37 25.1 21.1
6 36 28.1 194
7 32 24.8 16.5
8 36 28.1 194
9 33 24.7 16.4
10 30 25.0 16.4
11 32 27.5 21.1
12 25 25.3 18.5
13 22 24.7 12.6
14 39 26.2 16.1
15 35 29.3 23.6
Mean (SD) 36.5 (8.5) 26.3 (1.6) 18.8 (3.0)
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Table 2
Doppler bubble detection

Doppler bubble detection Control (no exercise) Exercise at 24 h Exercise at 2 h

Median peak KM grade (Range) 3(0-3-) 2 (0-4-) 2 (0-3+)

Time to median peak KM grade (min) 90 82.5 90

Mean KISS (over 180 min period) 17.2 13.1 11.3
Figure 1 Figure 2

KISS for control dives versus pre-dive exercise at 2 h
(bars represent mean value); P < 0.04
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control and pre-dive exercise dives were compared using
the Freidman test. The KISS for pre-dive exercise at 24
or 2 h was compared to the control using the Wilcoxon
sign-ranked test. For comparison with our previous series
of dives, differences in subject variables were tested using
an unpaired t-test. Median KM grades and KISS over the
Doppler monitoring period were compared using a Mann
Whitney U test. Differences were considered significant if
P <0.05.

Results

No DCS occurred in any of the subjects following the dives.
Details of individual subject age, BMI and percentage body
fat are shown in Table 1.

Details of the Doppler measurement of VGE are shown in
Table 2. The median peak KM grade decreased from 3 for
the control dives to 2 for those dives with pre-dive exercise
at either 2 or 24 h, but this decrease was non-significant. The
time to reach the median peak KM grade was similar for all
dives. The mean KISS up to 180 min post-dive was lower
with pre-dive exercise, but was only significantly different
from the control when exercise was conducted at 2 h prior
todiving (11.3 versus 17.2, P < 0.04, Wilcoxon sign-ranked
test). The individual KISS following the control dives and

pre-dive exercise at 2 h are shown in Figure 1.

This series of dives was a continuation of our study examining
the effect of pre-dive exercise on VGE production. There was
no significant difference in the median KM grades over the
Doppler monitoring period for this and our previous series of
control dives. This allowed the effect of the different mode
and intensity of pre-dive exercise to be compared. Changing
from the high-intensity, low-impact cycling used previously
to moderate-intensity impact exercise resulted in a reduction
in median KM bubble grades over the monitoring period
when conducted at 2 h (P < 0.006, Mann Whitney U Test,
Figure 2), but not 24 h, prior to diving. Similarly, the KISS
was only different between the exercise conditions when
performed 2 h prior to the dive (11.3 versus 21.8, P < 0.04,
Mann Whitney U Test, Figure 3). There were no significant
differences in subject variables.

Discussion

Recent studies have demonstrated that prior exercise can
reduce the number of VGE and the incidence of DCS
following a pressure exposure.>*’"1* The peak Doppler
bubble grade is often used for comparing the decompression
stress between dives. However, some studies have used
limited Doppler monitoring, with measurements at four time
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Figure 3
KISS for moderate-intensity jogging versus high-intensity
cycling performed 2 h prior to the dive
(bars represent mean value); P < 0.04
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points in some and as few as only two in others, making it
difficult (or impossible) to know whether a peak had been
reached. Furthermore, the duration of the monitoring has
been as short as 60 min, which may have missed VGE
produced in those with a long latency of bubble evolution.
Indeed, following our present dives the maximum latency
to VGE detection was 120 min.

We monitored VGE for at least 180 min, from first
appearance until a peak was reached and then until bubbles
either declined or disappeared, totalling a minimum of 17
measurements for each subject for each dive. No significant
difference was demonstrated between the peak KM grades
for the control dives and those with prior exercise at either
24 or 2 h. However, a single peak Doppler grade gives no
information as to the grades over the whole of the monitoring
period. The KISS integrates VGE over time, providing
a more complete picture of bubble activity and gas load
than a single peak KM grade.'® We found no significant
difference between the KISS for control dives and those
with pre-dive exercise at 24 h. However, the KISS was
significantly reduced when exercise was conducted 2 h
prior to the dive.

The benefit of this pre-dive exercise at 2 h, but not at 24 h,
led us to question whether the results of our previous series
of dives could be explained in terms of the intensity/mode
of exercise. The only difference we found was a significant
reduction in bubbles in changing from the previous high-
intensity cycling to moderate-intensity jogging when
conducted 2 h prior to a pressure exposure. This suggests
that exercise mode/intensity does indeed have an effect if
conducted this close to a dive.

The majority of published results on the effect of pre-dive
exercise on post-decompression VGE have come from
two main groups, showing benefit at either 24 h or 2 h
before diving. It is important that independent studies are
conducted so that confidence in the results of such studies is
robust. Moreover, if there is a common mechanism involved
it will not be influenced by factors that may be peculiar to
a particular research group. Our previous dive series used
the same exercise intensity and duration as that used by
Dujic et al. 24 h before diving, but changed the exercise
mode from running to cycling and examined its effect at
24 h or 2 h prior to diving.*!! This did not result in a
reduction in VGE and in our present dive series there was no
benefit from medium-intensity jogging on the spot (which
can be considered as similar in impact to treadmill running)
when conducted 24 h prior to diving. Thus, it may be that
only the combination of high-intensity and running (impact)
exercise is effective in reducing VGE when conducted 24 h
prior to a dive, as reported by Dujic et al.?

For pre-dive exercise conducted at 2 h, both medium- and
high-intensity running and cycling have been reported to
reduce VGE.”® However, in contrast, our previous dive
series showed that high-intensity cycling at this time did not
reduce VGE formation and others have found no benefit from
high-intensity running this close to a dive.> The results of
our present dive series confirm the earlier results of Blatteau
et al. by demonstrating that moderate-intensity jogging on
the spot 2 h prior to diving reduces VGE formation.” An
interesting recent finding is that a period of whole-body
vibration 1 h before diving decreased VGE formation.'¢
Vibration may have a similar action to impact exercise and
this may account for the beneficial effect we observed with
higher-impact exercise such as jogging and jumping, while
we observed no such benefit for low-impact cycling.

When conducting a series of investigations it is desirable
to have a level of confidence in the reproducibility of
VGE production following control dives. In our study,
there was no significant difference in the level of VGE
between our present and previous series of control dives.
However, reproducibility has been highlighted by others
as being problematical. Studies in rats weighing less than
300 g produced few bubbles on some occasions, but many
on others (median Doppler grade 0 versus grade 4).+>17
Similarly in man, control dive profiles which had been
chosen to reproducibly produce significant Doppler grades
resulted in very low bubble grades (median peak grade 0)
in a study which had previously resulted in a median peak
grade of 3.3!® This lack of reproducibility in VGE following
control dives leads to the suspicion that dives with prior
exercise may also produce differing results on different
occasions. Thus, variability in VGE in studies with relatively
small subject numbers may be responsible for some of the
differences between studies.



Diving and Hyperbaric Medicine Volume 41 No. 4 December 2011 187

Gas bubbles produced following a pressure exposure
are thought to grow from micronuclei present in tissues
and crevices on blood vessel walls. Muscle activity can
induce micronuclei, and microbubbles have recently
been demonstrated in the leg muscles of human subjects
after exercise on a cycle ergometer, which decayed over
time following cessation of exercise.!” The half-life of
intravascular exercise-induced micronuclei was in the order
of one hour in another study.? Some forms of exercise may
act to dislodge micronuclei from the vessel surface and
increased blood flow during exercise may cause ‘wash-out’
of bubble micronuclei from the endothelial cell surface.
Removal of such micronuclei before a pressure exposure
would have obvious benefits in terms of VGE production, but
the net effect will be the difference between their formation
and elimination. For exercise close to a dive, the effect may
be different depending on the duration of the dive.

If there is a simple common mechanism for the effect of
exercise before diving per se it would seem reasonable
that studies would agree on timing and exercise mode and
intensity. The exact mechanism(s) of any protection afforded
by exercise is unknown at present, but is likely to be multi-
factorial.>?'">* To have a major impact on diving ‘safety’,
reductions in Doppler grades that represent a substantial
reduction in gas load must be demonstrated, as high numbers
of VGE are associated with an increased risk of DCS.**
The protective effect may be too small or too variable to
allow more stressful dives to be carried out with improved
safety. Some apparent disparities between studies in the
timing and intensity/mode of exercise can be explained,
but others remain unresolved. Perhaps commonality should
be sought in developing an approach for larger scale trials
using consistent dive profiles and full Doppler monitoring,
which may then lead to a consensus on the benefit of exercise
before diving.

Conclusion

This study suggests that moderate-intensity impact exercise
reduces VGE production when conducted 2 h prior to
diving.
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