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Circulating Venous Bubbles in Children
After Diving

Frédéric Lemaitre, Daniel Carturan, Claire Tourny-Chollet, and
Bernard Gardette

Doppler ultrasonic detection of circulating venous bubbles after a scuba dive is a
useful index of decompression safety in adults, since a relationship between bubbles
and the risk of decompression sickness has been documented. No study, however, has
investigated circulating venous bubbles in young recreational divers after their usual
dives. The aim of this study was to determine whether these bubbles would be detected
in children who performed a single dive without any modification in their diving
habits. Ten young recreational divers (13.1 £ 2.3 years) performed their usual air dive.
They were Doppler-monitored 20 min before the dive (12 = 3 m for 26 + 7 min) and
for 60 min after surfacing, at 20-min intervals. No circulating venous bubbles were
detected after the children surfaced. The results showed that during a usual shallow
diving session, venous bubbles were not detected in children.

Considerable information has been amassed on the formation of venous gas
emboli in adults, both men and women, as a result of decompression from a scuba
dive (1,2). Studies have shown that the risk of decompression sickness (DCS)
rises with the number of bubbles in the blood (4,9,24). Neurologic DCS (i.e.,
spinal cord DCS) is presumed to be because of venous bubbles in the epidural
plexus surrounding the spinal cord, causing venous stasis and spinal cord isch-
emia. The role of arterial gas emboli via a right-to-left shunt (i.e., patent foramen
ovale: PFO) is suspected in certain forms of DCS (i.e., cerebral and inner ear
DCS). Another observation is that age and the fat mass percentage seem to accen-
tuate bubble formation (4). The incidence of PFO is about one in four in the gen-
eral adult population (17), and it also increases the risk for decompression sick-
ness events by allowing venous bubbles to pass into the arterial circulation (11).
Although the frequency of PFO in children is about 30-40%, the fact that it
resolves with age suggests that it is more prevalent in children than in adults.
Although details on dive profiles are often incomplete for persons presenting with
DCS, PFO increases the risk for decompression sickness four- to fivefold (2,23),
even in adult divers adhering to decompression tables. In France, more than 300
adult diving injuries related to PFO and requiring hyperbaric recompression have
been documented (9). Furthermore, recent cases of decompression accidents in
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young divers (<16 years) have been reported in France (12) and the United States
of America (USA) and Canada (Divers Alert Network: DAN, 1). In 2005, the
youngest injured diver in France requiring hyperbaric oxygen recompression ther-
apy was 13 years old and the youngest in the USA was an 11-year-old. Moreover,
Tsung et al. (26) reported the case of a highly trained adolescent diver who, despite
advanced diving certifications, had two separate episodes of diving-related inju-
ries requiring hyperbaric recompression therapy. Thus, even though the French
norms for children limit the diving times and depths, it may be necessary to moni-
tor young divers for circulating venous bubbles after usual dives. The aim of our
preliminary study was thus to evaluate whether circulating venous bubbles would
be present in young divers (<16 years) after they performed a single dive without
any modification in their usual diving habits.

Materials and Methods

Participants

Postdive Doppler monitoring was performed in ten young recreational divers
(boys) after a single open sea dive (good visibility, quiet sea, no current, and with
a water temperature of 21 °C). All were divers from the French Diving Federation
(FFESSM) and had responded to an invitation to take part in a national gathering
of diving youth. They were selected on the basis of the regularity of their diving
practice, age (>8 years and <16 years) and diving experience (>6 months). All
children regularly practiced diving in a swimming pool twice a week and used an
open-circuit scuba once a week. At least twice a year for 5 days, the children prac-
ticed open sea dives. The time since their last air (O,-N,) dive was at least 1 week.
None of the children had any experience with smoking (25) and all had been
found to be fit to dive during a medical diving examination, in accordance with the
regulations of the FFESSM, within the 2 weeks before the experiment. Because
body fat has been found to be a factor for bubble formation after diving (4), the
percentage of body fat was also calculated according to Janz et al. (14). To estab-
lish possible correlations with the diving training of young divers, cumulative
diving exposure over the entire diving career was assessed by logbook documen-
tation: years of diving practice (YD), maximal depth (MD) and total number of
dives (TND). The study was approved by the local institutional review board and
informed written consent was obtained from the parents of the children.

Bubble Detection

Bubble detection was performed with a continuous-wave Doppler apparatus
(AQUALAB system) equipped with a 5-Mz probe (Figure 1). To improve the
accuracy of the cardiac signal, the children were placed in left lateral decubitus,
and they lay at rest for 1 min before the beginning of detection. Because the chil-
dren were in real diving conditions (they had equipped themselves, swum and
then climbed out of the pool), they were affected by cold and immersion (diuresis,
hemoconcentration, dehydration). Thus their level of bubble release was assumed
to correspond to the actual occurrence in all divers respecting the safety rule: little
exercise before, during, and after diving. For this reason, we did not follow the
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Figure 1 — Doppler detection in a young scuba diver.

usual protocol of studies conducted in hyperbaric chambers, which begin moni-
toring once the participants are at rest after performing three deep knee bends. The
probe was placed in the precordial site, with the ultrasonic wave being directed
into the pulmonary infundibulum. The signals were recorded for 2 min and graded
in a blind manner by two experienced investigators, according to the Spencer
Doppler code (24). Bubble signals were classified on a scale from O to 4 (0 repre-
senting no detectable bubbles), on the basis of the number of bubble signals per
cardiac cycle, and the number of cardiac cycles containing bubbles. If any dis-
crepancy in the interpretation of the signals occurred, the recordings were studied
again until consensus was reached. Before the dive, a recording of each child’s
cardiac signals was made to establish a reference. Moreover, because aerobic
exercise before diving can modify venous gas bubble formation in humans (8), the
children were instructed not to perform any exercise for at least one week before
the dive, as well as during and after diving. The ten young recreational divers were
Doppler-monitored 20 min before the dive (12 = 3 m; 26 £ 7 min) and for 60 min
after surfacing, at 20-min intervals. To avoid modifying the children’s diving
habits, no particular instructions were given to the instructor, who was responsible
for monitoring the children’s diving profile (depth and time).

Statistical Analysis

Graded bubbles were compared between before and after diving up to 60 min
using a Wilcoxon matched-paired signed-rank test. A p-value of less than .05 was
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considered to be significant. Analyses were performed using Statview software
(Abacus Concepts, Inc., Berkeley, CA, 1992).

Results

Table 1 presents the baseline anthropometric characteristics and cumulative diving
exposure over the entire diving career. The reporting of recreational activity was
considered adequate and properly recorded in logbooks by the instructors and/or
parents of the divers. The children had had no diving accidents or signs or epi-
sodes of decompression sickness. They performed one dive to a depth of 12 £ 3
m, for a short time (26 = 7 min). However, for all these young divers, several suc-
cessive descents to this relatively shallow depth, each lasting 7-10 min, were
observed and were interspersed by 2—5-min periods at or near the surface (Figure
2; yo-yo dives). During each ascent to the surface or close to it, the ascent rate was
17 m.min~!. No circulating venous bubbles (grade O for all dives) were found in
any of the divers in the 60 min following their dives.

Discussion and Conclusion

To our knowledge, this is the first study to search for circulating venous bubbles
in diving children. The main finding was that bubbles were not detected after a
shallow single dive.

This study was preliminary and we did not want to impose a diving profile.
We were nevertheless surprised by the diving depths and the dive profiles. The
children made only one dive to a shallow depth (12 = 3 m), for a short time (26 *
7 min), with yo-yo profiles. Repetitive dives are widely practiced in recreational
diving, and yo-yo dives are more typical in children, who generally practice diving
in shallow water. Yo-yo dives are a series of several short dives separated by very
brief intervals. An example would be several successive descents to a relatively
shallow depth for 15-20 min, interspersed by 5-min periods at or near the surface.
This diving pattern in children adds not only to the risk of DCS but also to the risk
of pulmonary barotraumas with cerebral arterial gas embolism (AGE). Cerebral
AGE occurs when alveolar gas ruptures into the pulmonary veins and is then car-
ried via the heart into the cerebral circulation. Bubbles may also reach the brain
via abnormal arteriovenous channels within the lungs or through a PFO (18,23,29).
Indeed, although the children’s dives required the simplest form of decompression
control, i.e., without stops during the ascent to the surface, even a simple decom-
pression profile must be correctly executed to avoid accidents. A shallow dive
with a slow ascent certainly places the diver at lower risk of DCS but divers and
instructors need to remember that no dive is without some risk. Although no bub-
bles were detected in the children, this does not mean that no bubbles formed.
Since venous gas microemboli (VGM) with an undetectable diameter of less than
30 um may be present without overt clinical symptoms, the risk of decompression
sickness (DCS) is never nil (20). It is thus important to remember that DCS is a
probabilistic event and has a chance of occurring in nearly any dive, even though
the probability may be very small (28). A grade O indicates that the decompression
pattern is safe for divers in a given population, but for an individual of that
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Figure 2 — Example of schematic dive profile of the young recreational divers.

population an accident is always possible, even when no bubbles can be detected.
For example, the accident rate is about 1% with a grade 0; 0.5% with a grade 1;
5% with a grade 2; 11% with a grade 3 and 31% with a grade 4 (22). Assessing the
risk of developing DCS is not simply a question of the number of circulating
venous bubbles that are present. The assessment must also take into account the
possibility of bubbles in tissue and complex biologic reactions. Nevertheless, the
duration, depth, and ascent protocol of the children’s dives allowed us to classify
these young divers as being at low risk of DCS. In general, the greater the depth
and duration of diving and the more rapid the ascent, the greater the risk of DCS
will be.

Many other factors have been suggested to either increase bubble formation
or predispose tissues to bubble injury. Obesity, aging, excessive physical exertion
during the dive, predive physical condition, dehydration, cold and poor general
condition are factors that may predispose an individual diver to DCS (4-6). Older
divers have been shown to generate more venous bubbles than their more youthful
counterparts after equivalent dives (9,15). In fact, DCS susceptibility is increased
by age and indirectly increased by the greater fat mass that develops with aging.
Since nitrogen solubility in fat tissue is high, an elevated percentage of body fat
increases the total nitrogen content in the body, with a consequently increased
DCS risk (4-6). For Broome et al. (3), however, the poor aerobic fitness associ-
ated with obesity or overweight contributes to the bubble formation process. Our
children, although their percentage of fat mass and body mass index could be clas-
sified as “normal” (13), did not practice other sports, which could increase their
DCS risk.
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Limits

Although the risk of decompression sickness is never nil (20) and smaller asymp-
tomatic bubbles may be present, the shallow diving profile seen in the children of
the current study was unlikely to elicit bubbles. There is considerable variation in
diving responses: some individuals are bubble prone and individual divers may
respond differently to similar dive profiles at different times. It is therefore neces-
sary to use some judgment in interpreting the results. Moreover, our Doppler
apparatus was not capable of detecting bubbles with a diameter less than 30 um
(20), and it cannot be used as a real-time decompression monitor because bubbles
are detectable only after the surface is reached. Nevertheless, ultrasonic bubble
detection is a good tool for postdive evaluation, with the advantage of being com-
pact, robust and inexpensive. Because of the small number of participants, further
studies will be necessary to generalize these results.

Recommendations

Children’s respiratory, psychological, cardiovascular, thermoregulatory, otolaryn-
gological, and musculoskeletal characteristics influence their capacity to react
during diving (7,21,27). Children thus have their own specific needs when diving,
and they must not be considered merely as small adults. We recommend that
instructors establish slow ascent rates (<10 m - min~!) with a safety stop for 3-5
min at 3-5 m (16). A safety stop presents a good opportunity for children to exer-
cise buoyancy control during the ascent. Last, by lowering the minimum age for
recreational diving, diving organizations, instructors and parents increase the
probability of having cognitively immature children enrolled in diving programs.
These children would clearly be at greater risk for accidents. Scoring high in trait
anxiety on a validated psychological measure was found to be reasonably predic-
tive of future panic behavior while diving in college-age beginner divers (19).

In conclusion, this study evaluated the occurrence of venous bubbles in young
divers and detected no bubble formation after dives. The absence of bubbles could
be explained by the shallow water dives, which are usual for children and which
allow no tissue saturation. Further studies will be undertaken to improve our
understanding of children’s physiology during diving so that they can be helped to
develop into adult divers who take minimal risks.

Acknowledgments

Special thanks are given to the divers for their cooperation. We also thank Cathy Carmeni
for help in preparing the manuscript and the COMEX, all the children, parents, and local
club instructors for their cordial welcome and enthusiastic cooperation with this study.

References

1. 2004 DAN Dive Accident and Fatality Report (2002 data). Available at: http://diver-
salertnetwork.org/medical/report/index.asp. Accessed April 5, 2007.

2. Bove, A.A. Risk of decompression sickness with patent foramen ovale. Undersea
Hyperb. Med. 25:175-178, 1998.



84

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Lemaitre et al.

. Broome, J.R., A.J. Dutka, and G.A. McNamee. Exercise conditioning reduces the risk

of neurologic decompression illness in swine. Undersea Hyperb. Med. 1:207-220,
1995.

. Carturan, D., A. Boussuges, P. Vanuxem, A. Bar-Hen, H. Burnet, and B. Gardette.

Ascent rate, age, maximal oxygen uptake, adiposity and circulating venous bubbles
after diving. J. Appl. Physiol. 93:1349-1356, 2002.

. Carturan, D., A. Boussuges, H. Burnet, J. Fondarai, P. Vanuxem, and B. Gardette. Cir-

culating venous bubbles in recreational diving: relationship with age, weight, maxi-
mal oxygen uptake and body fat percentage. Int. J. Sports Med. 20:410-414, 1999.

. Carturan, D., A. Boussuges, F. Melenat, H. Burnet, J. Fondarai, and B. Gardette.

Ascent rate and circulating venous bubbles in recreational diving. Int. J. Sports Med.
21(7):459-462, 2000.

. Dembert, M.L., and J.F. Keith. Evaluating the potential pediatric scuba diver. Am. J.

Dis. Child. 140:1135-1141, 1986.

. Dujic, Z., D. Duplancic, 1. Marinovic-Terzic, et al. Aerobic exercise before diving

reduces venous bubble formation in humans. J. Physiol. 555(3):637-642, 2004.

. Eckenhoft, R.G., C.S. Olstad, and G. Carrod. Human dose-response relationship for

decompression and endogenous bubbles formation. J. Appl. Physiol. 69:914-918,
1990.

Francis, T.J.R., and S.J. Mitchell. Pathophysiology of decompression sickness. In:
Bennett and Elliott, Brubakk AO and Neuman TS, ed. Physiology and Medicine of
Diving. 5 Edition, Saunders, chap 10.4:530-556, 2003.

Germonpré, P., P. Dendale, P. Unger, and C. Balestra. Patent foramen ovale and
decompression sickness in sports divers. J. Appl. Physiol. 84(5):1622-1626, 1998.
Grandjean, B. Enquéte Nationale: accidents de plongée autonome sportive, bilan 2005
FFESSM. Available at: http://medicale.ffessm.fr/telech/acc2005.pdf. Accessed April
10, 2007.

Hagen, P.T., D.G. Scholz, and W.D. Edwards. Incidence and size of patent foramen
ovale during the first decades of life: an autopsy study of 965 normal hearts. Mayo
Clin. Proc. 59:17-13, 1984.

International Obesity TaskForce. Preventing childhood obesity. British Medical Asso-
ciation, 2005.

Janz, K.F. D.H. Nielsen, S.L. Cassady, J.S. Cook, Y.T. Wu, and J.R. Hansen. Cross-
validation of the Slaughter skinfold equations for children and adolescents. Med. Sci.
Sports Exerc. 25(9):1070-1076, 1993.

Lam, T.H., and K.P. Yau. Analysis of some individual risk factors for DCS in Hong
Kong. Undersea Biomed. Res. 16:283-292, 1989.

Lang, M.A., and G.H. Egstrom (Eds.). Biomechanics of Safe Ascents Workshop.
AAUSDSP-BSA-01090. Costa Mesa, CA: American Academy of Underwater Sci-
ences, 1990.

Lynch, J.J., G.H. Schuchard, C.M. Gross, and L.S. Wann. Prevalence of right-to-left
shunting in a healthy population: detection by Valsalva maneuver contrast echocar-
diography. Circulation. 59:379, 1984.

Moon, R.E., E.M. Camporesi, and J.A. Kisslo. Patent foramen ovale and decompres-
sion sickness in divers. Lancet. 1:513-514, 1989.

Morgan, W.P,, J.S. Raglin, and P.J. O’Connor. Trait anxiety predicts panic behavior in
beginning scuba students. Int. J. Sports Med. 25(4):314-322, 2004.

Nishi, R.Y., A.O. Brubakk, and O.S. Eftedal. Bubble detection. In: Bennett and Elliott,
Brubakk AO and Neuman TS, ed. Physiology and Medicine of Diving. 5% Edition,
Saunders, chap 10.3:501-529, 2003.

Panchard, M.A. Children and scuba diving. How to start? Rev. Med. Suisse Romande.
122(12):589-593, 2002.



23.

24.

25.

26.

217.

28.

29.

30.

Children and Diving 85

Sawatzky, K.D., and R.Y. Nishi. Intravascular Doppler-detected bubbles and decom-
pression sickness. Undersea Biomed. Res. 17:34-35, 1990.

Schwerzmann, M., and C. Seiler. Recreational scuba diving, patent foramen ovale and
their associated risks. Swiss Med. Wkly. 131:365-374, 2001.

Spencer, M.P. Decompression limits for compressed air determined by ultrasonically
detected blood bubbles. J. Appl. Physiol. 40:229-235, 1976.

Tetzlaff, K., J. Theysohn, C. Stahl, S. Schlegel, A. Koch, and C.M. Muth. Decline of
FEV1 in scuba divers. Chest. 130:238-243, 2006.

Tsung, J.W., K.J. Chou, C. Martinez, J. Tyrell, and M. Touger. An adolescent scuba
diver with 2 episodes of diving-related injuries requiring hyperbaric oxygen recom-
pression therapy. Pediatr. Emerg. Care. 21(10):681-686, 2005.

Walker, R.M. Assessing children’s fitness for scuba diving. Med. J. Aust. 176:450,
2002.

Weathersby, P.K., L.D. Homer, and E.T. Flynn. On the likelihood of decompression
sickness. J. Appl. Physiol: Respir. Environ. Exercise Physiol. 57(3):815-825, 1984.
Wilmshurst, P., C. Davidson, G. O’Connell, and C. Byrne. Role of cardiorespiratory
abnormalities, smoking and dive characteristics in the manifestations of neurological
decompression illness. Clin. Sci. (Coch). 86:297-303, 1994.


https://www.researchgate.net/publication/24398253

