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Adverse events in competitive breath-hold 
diving.
J. R. FITZ-CLARKE
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Fitz-Clarke J. Adverse events in competitive breath-hold diving. Undersea Hyperb Med 2006; 33(1):55-62. 
Medical observations are reported from an eight-day world championship breath-hold diving competition 
involving 57 participants. The deepest dive was to 75 metres, and the longest breath-hold time exceeded 9 
minutes. There were 35 diving-related adverse events witnessed or reported, including transient loss of motor 
control due to hypoxia, syncope during ascent, hemoptysis, and pulmonary edema. All events occurred in 
healthy individuals, and resolved without apparent sequelae. There was no relationship between symptoms 
and depth. The medical implications of these adverse events are discussed. Despite the inherent risks of the 
sport, established organizational procedures for competitive breath-hold diving maintain a high degree of 
safety.

INTRODUCTION

Breath-hold diving as a recreational sport 
has grown rapidly world-wide, particularly over 
the past decade. Participants have developed 
procedures and training techniques that have 
advanced breath-hold dives to depths over 
100 metres, and underwater times over eight 
minutes (1, 2). Many dedicated individuals 
attend national and international competitions 
that are held each year. The competitive side 
of the sport emphasizes prolonging breath-hold 
time through relaxation, lung hyperinflation, 
and economy of swimming technique to 
achieve a maximum depth, time, or distance 
underwater.

Breath-hold diving is associated with a 
variety of physiological responses induced by 
immersion, apnea, and lung compression (3-5). 
The most prominent responses are bradycardia, 
peripheral vasoconstriction, and splenic 
contraction, all of which help to conserve 
oxygen during dives (6), and delay the effects 
of hypoxia and hypercapnia. Effectiveness of 
these diving reflexes can be enhanced with 
appropriate training and experience (7).

Any sport that challenges the limits 

of human performance has inherent risks 
that are accepted by its participants. Most 
serious competitive breath-hold divers have 
had episodes of symptomatic hypoxia or 
underwater syncope. There is a large body 
of anecdotal information circulating among 
enthusiasts that has not caught the attention of 
the scientific community. Although there has 
been considerable research into the physiology 
of breath-hold diving (8-10), there have been 
no previous descriptions of adverse effects and 
sequelae of diving competitions, particularly in 
light of the most recent evolution of the sport.

This report discusses medical issues 
and observations made at a major international 
breath-hold diving championship. This 
information may help organizers anticipate and 
prepare for adverse events likely to be seen at 
championship level, and may serve as a resource 
to physicians responsible for examining divers 
and assessing fitness for participation.

METHODS

 Observations were made at the Fourth 
AIDA World Free Diving Championship held 
in Vancouver, Canada over 8 days in August 
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of 2004. A total of 57 divers from 13 countries 
participated and were grouped into teams for 
the purpose of scoring. Ages ranged from 20 
to 52 years, with 33 males and 24 females, 
including several world record holders in 
various categories. The author was present 
as event physician. All subjects were in good 
health according to medical forms completed 
by home physicians, and confirmed by 
interviews at registration. Several competitors 
had documented spirometric tests performed 
in their home countries. Reports available on 
four subjects indicated total lung capacities 
in the range of 7.1 to 10.0 litres, including 
those of two previously reported individuals 
(11). Medications being taken on arrival 
included nasal decongestants, antihistamines, 
oral contraceptives, thyroid supplement, 
antidepressants, acetaminophen, and ibuprofen. 
Medications were restricted prior to competition 
according to WADA anti-doping regulations 
(12).
  Competition events are summarized 
in Table 1. All breath-holds were conducted 
with air. Pre-dive meditation and ritual slow, 
moderately deep breathing exercises were 
routinely practised. Although excessive 
hyperventilation was avoided, many divers 
engaged in multiple deep exhalations, 
commonly called “purges”, to reduce lung 
carbon dioxide prior to submergence. The 
constant-weight event involved two days of 
unlimited practice off an ocean barge anchored 
in deep water, followed by two days of formal 
competition, during which each diver had one 
unaided swimming attempt to retrieve a tag from 
the bottom of a cable set to a predetermined 
depth. Judges monitored competitors for any 
outward signs of hypoxia occurring within the 
first 60 seconds after surfacing. Video analysis 
was available for resolving disputes, as some 
hypoxic episodes were unrecognized by the 
divers themselves. Safety breath-hold divers 
and mixed-gas scuba divers were stationed 

at intervals in the water column, and stayed 
close to all competitors underwater. Ocean 
temperature was 20o C on the surface, with 
calm conditions. All competitors wore wet suits 
for ocean dives and many of the pool dives, and 
used an assortment of dual fins and monofins 
according to personal preference. Static and 
dynamic apnea events were held in a 50-metre 
outdoor pool.

Table 1. Competition Event Categories

 Athletes were examined after all adverse 
events, except for some cases of brief minor 
losses of motor control, which did not warrant 
examination. Symptoms and mental status 
were assessed, followed by chest auscultation. 
Twelve subjects were chosen for urine drug 
tests at the conclusion, in accordance with anti-
doping regulations (12).

RESULTS

 Although many of the divers had 
previously achieved greater depths and 
durations, initial performances were generally 
more conservative than world record marks, 
so as to minimize the risk of disqualification 
due to potential hypoxic symptoms on 
overly aggressive dives. Almost all athletes 
employed “lung packing” in the water prior to 

Constant 
Weight  

Diver wearing a weight belt and fins 
swims down to maximum depth and 
back on a single breath of air under 
his or her own power, without any 
type of assistance. 

Dynamic 
Apnea

Diver with fins swims maximum 
horizontal distance underwater on a 
single breath of air in a swimming 
pool. 

Static Apnea Diver lies face down in a swimming 
pool, holding his or her breath for as 
long a time as possible. Diver must 
periodically indicate conscious state 
by signal to a spotter. 
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submersion. This is an inspiratory technique for 
hyperinflating the lungs using the pharyngeal 
and glottic muscles in a repetitive manoeuvre 
resembling gulping or swallowing (13, 14). 
Only one competitor did not pack due to a past 
tendency to develop hypotension from increased 
intrathoracic pressure impeding venous return, 
and a self-reported perceived lack of benefit 
from the technique.

Static Apnea

Fig. 1. Breath-hold times in the static apnea event for 
53 attempts by males (grey) and females (black). The 
three attempts denoted by asterisks were associated with 
hypoxic loss of motor control, resulting in disqualification. 
World record (WR) times are shown.

Fig. 2. Total dive times, including descent and ascent, 
and maximum depths achieved in the constant weight 
event for 55 divers. Episodes of hypoxic syncope are 
denoted by the three solid squares. Dashed lines indicate 
the range of swimming velocities.

 Breath-hold times of 4 to 7 minutes 
were common in the static apnea event, as 
summarized in Figure 1. The longest was an 
immersed breath-hold in the pool for 9 minutes 
and 24 seconds, an unofficial world record 
(WR). Underwater times were much shorter in 
the constant weight and dynamic apnea events 
due to the exertion of fin kicking. These times 
ranged from 1 to 3 minutes, as shown in Figure 
2. The slope of a line from the origin to any 
point equals one half of the average swimming 
velocity for that dive because the time includes 
both descent and the ascent. Velocities ranged 
from 0.66 to 1.33 metres per second, as indicated 
by the dashed lines.
 Maximum depth achieved in the 
constant weight event was 75 metres, which 
resulted in loss of consciousness during the 
ascent. The deepest successful dive was 70 
metres, considerably short of the most recent 
world record of 102 metres. The longest 
dynamic apnea was a 180-metre horizontal 
swim underwater.

Table 2. Adverse Events on Each of Eight Days

 All divers exited the water unassisted, 
and those experiencing symptoms were 
promptly assessed. Adverse events are 
summarized in Table 2, including incidents 
during both practice and competition dives. It 
is not possible to express risks as percentage 
statistics because the total number of practice 
dives is not known. There were no serious or 
persistent adverse events among athletes, and 
no incidents affecting safety divers. Episodes 
of loss of motor control (LMC) due to hypoxia, 
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commonly called “sambas”, were frequent, with 
a total of 25 occurring during both official and 
practice dives. LMC is defined as the presence 
of hypoxic signs first appearing after surfacing, 
without complete loss of consciousness. It is 
recognized by judges as a failure to demonstrate 
full control and awareness. Most episodes 
consisted of illegal head movements, partial 
facial immersion, abnormal eye movement or 
closure, or blank staring. There were no cases 
of myoclonus or seizures. All divers with LMCs 
recovered rapidly, usually within seconds on 
the surface. Three divers lost consciousness 
underwater during ascents from depths 
between 38 and 75 metres. All three cases of 
ascent syncope occurred near the surface, and 
were managed by safety divers who protected 
the airways. Divers experiencing syncope or 
prolonged LMCs were given oxygen by mask 
for 5 minutes as a precaution. Full recovery 
was rapid in all cases, however no further 
diving was allowed for that day. There was no 
relationship between incidence of syncope and 
depth or duration of dives.
 Four divers experienced mild 
hemoptysis, characterized by expectoration of 
one or more boluses of bright red blood. Three 
episodes occurred on the first ocean day, and 
were seen after dives to depths between 45 
and 60 metres. Hemoptysis did not occur in 
subjects who achieved the deepest dives. Three 
other subjects reported a past history of similar 
episodes. All four cases were associated with 
upper anterior chest or neck discomfort, mild 
transient cough, with no wheezing or dyspnea. 
It was ascertained that hemoptysis was not 
due to nosebleed, respiratory infection, or 
sinus barotrauma. All affected individuals felt 
certain that the blood was from the respiratory 
tract. Each had employed lung packing prior to 
submersion. Lungs were clear to auscultation.
 Another subject, very fit and 26 years 
of age, developed a sensation of deep wet 
chest congestion immediately after a dive to 60 

metres, and felt it continue to develop on the 
surface and on the barge, without coughing or 
hemoptysis. Auscultation confirmed bilateral 
basal rales, suggestive of pulmonary edema. 
Blood pressure was normal. This episode 
resolved after about an hour, but recurred three 
days later in competition to a greater depth. 
There was no on-site access to radiography to 
determine the nature of the rales or hemoptysis 
in these divers. Further investigations were not 
deemed practical, since symptoms resolved 
completely. One case of aspiration-induced 
laryngospasm occurred in the static apnea 
event, characterized by inspiratory stridor with 
no expiratory wheeze. This resolved completely 
over about 10 minutes, without sequelae.

DISCUSSION

 Although much of the basic physiology 
of breath-hold diving is understood in terms of 
cardiovascular and respiratory responses (8-
10), reports of adverse events in competitive 
diving have not previously been published. 
The competition was run with excellent 
attention to safety, and there were no incidents 
that could not be managed on site. A total 
of 35 adverse events were witnessed, all of 
which recovered completely with no apparent 
sequelae. The number of adverse events 
may have been higher during practice dives 
if some individuals were reluctant to report 
complications. All competition dives, however, 
were carefully observed by judges for one 
minute after surfacing, so non-witnessed 
events were unlikely to have occurred on those 
days. Adverse events, as presented above, are 
considered by the athletes to be within the 
acceptable risk of the sport at the competitive 
level.
 Cases of hemoptysis after breath-
hold dives have been reported (15), some 
of which have been associated with aspirin 
ingestion (16), and involuntary diaphragmatic 
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contractions brought on by prolonged apnea 
(17). Most divers interviewed commonly 
experience diaphragmatic contractions 
beginning a few minutes into static apnea. The 
latency of contraction onset has been shown to 
correlate with breath-holding ability (18). Some 
competitors, who had previously experienced 
hemoptysis after free dives, had been 
investigated in the past with chest radiographs, 
computed tomography, and bronchoscopy 
with no findings. These episodes are generally 
assumed to be minor, since there is complete 
resolution, but no information is available on 
possible long-term effects. Investigation of 
isolated cases of minor post-dive hemoptysis 
is probably not warranted in otherwise healthy 
non-smokers.
 The etiology of post-dive hemoptysis 
remains unclear, since it has yet to be directly 
observed with bronchoscopy. Using direct 
laryngoscopy, Lindholm et. al. (19) observed 
blood below the vocal cords in 2 of 11 divers 
after simulating deep dives by exhaling to 
near residual volume, and descending to 
6 metres. Hemoptysis might be a form of 
pulmonary capillary stress failure (20, 21), 
but given the location of discomfort in the 
upper chest and neck regions, brightness of 
expectorated blood, and absence of froth, at 
least some cases likely originated from the 
tracheal or bronchial circulation (22), rather 
than from the alveoli. There has been only 
one report in the literature of diving-related 
thoracic squeeze associated conclusively with 
hemorrhagic lungs at the alveolar level (23). 
In one other case, radiographic changes were 
seen that were suggestive of alveolar blood 
following a breath-hold dive (16). The depth 
at which lung damage might occur was once 
believed to be determined by the ratio of total 
lung capacity (TLC) to residual volume (RV). 
Experience does not support this assumption, 
as many breath-hold divers have been much 
deeper than this theoretical prediction, without 

any apparent problems. Lung air spaces can be 
compressed far below RV owing to chest and 
diaphragm elasticity, and the high distensibility 
of the pulmonary vasculature, which engorges 
to compensate for air volume changes from 
compression (24).
 It is not clear why some divers can 
reach great depths without complications, while 
others develop hemoptysis after relatively 
shallow dives. Anecdotally, many divers believe 
that experience and gradual depth progression 
of training dives are important in preventing 
hemoptysis. Exertion and rapid rate of descent 
may be predisposing factors, but have not 
been specifically studied. It is conceivable 
that rapid descents might damage capillary 
endothelium, while slower descents might 
promote leakage of plasma and blood-derived 
proteins into the alveolar space, which could 
dilute the surfactant layer and increase surface 
tension. This might aid capillary transmural 
reinforcement, thus reducing the likelihood of 
capillary rupture (25). Anatomical variants in 
the bronchial circulation might play a role if 
specific vessels are comparatively weak (26). 
Airway mucosal blood flow increases with 
negative intrathoracic pressure during a Müller 
manoeuvre (27), similar to that occurring at 
depth, where inadequate chest compression 
creates an intrathoracic pressure below that of 
the rest of the body, redistributing blood from 
the periphery into the pulmonary circulation 
(28). Cold water may have contributed to 
hemoptysis through a more pronounced early 
pressor effect in unacclimatized individuals from 
warmer regions. Peripheral vasoconstriction 
contributes to a larger thoracic blood shift from 
the lower body (29), which is likely associated 
with greater distension and stress of capillaries 
in the submucosal plexus of the tracheal and 
bronchial circulations. Co-existing high 
arterial pressures might additionally contribute 
to capillary failure. Systolic blood pressures 
up to 290 mm Hg have been documented in 
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two healthy subjects during simulated breath-
hold dives in a hyperbaric chamber (30). Based 
on reported symptoms, auscultation of rales, 
and absence of hemoptysis, it is reasonable to 
assume that the subject experiencing post-dive 
chest congestion had mild pulmonary edema. 
Radiography was not available at the time for 
more objective confirmation. Pulmonary edema 
has been known to occur in cold water scuba 
divers (31-33) and surface swimmers (34), but 
has rarely been reported in breath-hold divers.
 Breath-hold times of 5 to 9 minutes on air 
can be achieved without harm so long as oxygen 
from the lungs continues to circulate to the 
brain. This situation differs from that of cardiac 
arrest, where tissues are disconnected from lung 
oxygen stores, and brain anoxia causes damage 
after a few minutes. Long periods of voluntary 
apnea require great tolerance to carbon dioxide 
and suppression of the urge to breathe, despite 
progressive hypercapnia, can be trained. The 
time to hypoxic syncope in apnea is primarily 
a function of initial lung volume and the rate of 
oxygen consumption (24), the latter of which 
is influenced by exertion and minimized by 
relaxation. Progressive hypercapnia increases 
cerebral blood flow and oxygen delivery, 
which may help prolong the time to loss of 
consciousness (35).
 While episodes of symptomatic hypoxia 
resulted in disqualification for the specific event, 
they were not an apparent health concern to the 
athletes. Many competitive breath-hold divers 
have experienced loss of consciousness or 
other ‘sambas’ in the past, and consider them to 
be a normal acceptable part of the sport’s risk. 
The acute effects of hypoxic blackout in diving 
appear to be similar to those of other forms of 
transient syncope that are followed by rapid 
spontaneous recovery, including vasovagal 
and orthostatic hypotension (36), acute high-
altitude exposure (37), and G-induced loss of 
consciousness in aviators (38). While there 
is presently no evidence that brief or even 

recurrent episodes of syncope are associated 
with any persistent neurological or cognitive 
deficits (39-42), this possibility cannot be 
ruled out, particularly given the frequency 
with which some individuals intentionally 
expose themselves to hypoxia during training. 
Neurological manifestations of decompression 
illness (43, 44) and MRI documented cerebral 
infarction (45) have also been reported 
following repetitive breath-hold dives. Magno 
et al. reported a case of hemiplegia occurring 
after a single assisted dive to 120 metres (46). 
Drowning is the greatest concern with syncope 
in unsupervised aquatic settings, but is easily 
averted by trained and attentive safety divers.
 In summary, competitive breath-
hold diving is associated with some unique 
alterations of human physiology. Episodes 
of symptomatic hypoxia are common in 
competition, but usually resolve quickly 
without apparent sequelae. Brief hypoxic loss 
of motor control on the surface was the most 
common adverse event, followed by minor 
hemoptysis and underwater syncope during 
ascent. There was no prior indication as to 
which individuals would be most susceptible to 
hypoxia or any relationship between symptoms 
and diving depth. Established regulations and 
organizational procedures appear to ensure a 
high degree of safety in diving competition.

ACKNOWLEDGMENTS

 The author thanks the AIDA organizers, 
particularly Kirk Krack, for the invitation to participate as 
event physician, Tom Lightfoot for providing data from 
the official dive records, and Goh Iromoto for reviewing 
the videotapes. Thanks are also due to the many divers 
and volunteer support staff who shared their anecdotes 
and enthusiasm.

REFERENCES

1.    Association Internationale pour le Développement 
de l’Apnée. http://www.aida-international.org.

2.   Lindholm P, Gennser M. Breath-hold diving: an 
increasing adventure sport with medical risks. 

Rubicon Research Repository (http://archive.rubicon-foundation.org)



UHM 2006, Vol. 33, No. 1– Adverse events in breath-hold diving.

61

Lakartidningen 2004; 101(9):787-790
3.   Bjertnaes L, Hauge A, Kjekshus J, Soyland E. 

Cardiovascular responses to face immersion and 
apnea during steady state muscle exercise: a heart 
catheterization study on humans. Acta Physiol 
Scand 1984; 20(4):605-612

4.    Marsh N, Askew D, Beer K, Gerke M, Muller D, 
Reichman C. Relative contributions of voluntary 
apnoea, exposure to cold and face immersion in 
water to diving bradycardia in humans. Clin Exp 
Pharmacol Physiol 1995; 22(11):886-887

5.      Liner MH. Cardiovascular and pulmonary responses 
to breath-hold diving in humans. Acta Physiol 
Scand (Suppl) 1994; 620:1-32

6.    Andersson JP, Liner MH, Runow E, Schagatay EK. 
Diving response and arterial oxygen saturation 
during apnea and exercise in breath-hold divers. J 
Appl Physiol 2002; 93(3):882-886

7.     Schagatay E, van Kampen M, Emanuelsson S, Holm 
B. Effects of physical and apnea training on apneic 
time and the diving response in humans. Eur J Appl 
Physiol 2000; 82(3):161-169

8.     Rahn H, Yokoyama T, eds. Physiology of breath-
hold diving and the ama of Japan. Washington, 
D.C.: National Academy of Sciences, National 
Research Council Publication 1341; 1965

9.    Lundgren C, Ferrigno M, eds. The physiology of 
breath-hold diving. Bethesda, MD: Undersea 
Hyperbaric Medical Society; 1987.

10.  Ferretti G. Extreme human breath-hold diving. Eur 
J Appl Physiol 2001; 84(4):254-271

11.  Muth CM, Radermacher P, Pittner A, et al. Arterial 
blood gases during diving in elite apnea divers. Int 
J Sports Med 2003; 24(2):104-107

12.  The 2004 Prohibited List: International Standard. 
Montreal: World Anti-Doping Agency, 2004. http://
www.wada-ama.org

13.  Örnhagen H, Schagatay E, Andersson J, Bergsten 
E, Gustafsson P, Sandström S. Mechanisms of 
“buccal pumping” and its pulmonary effects. 24th 
Annual Scientific Meeting, European Underwater 
and Baromedical Society. Stockholm, 1998

14.  Simpson G, Ferns J, Murat S. Pulmonary effects of 
lung packing by buccal pumping in an elite breath-
hold diver. SPUMS 2003; 33(3): 122-126.

15.                 BoussugesA,PinetC,ThomasP,Bergmann E, Sainty J   M, Vervloet    D. 
Haemoptysis after breath-hold diving. Eur Respir J 
1999; 13(3):697-699.

16.  Boussuges A, Succo E, Bergmann E, Sainty JM. 
Intra-alveolar hemorrhage: an uncommon accident 
in a breath holding diver. Presse Med 1995; 
24(25):1169-1170.

17.   Kiyan E, Aktas S, Toklu AS. Hemoptysis provoked 
by voluntary diaphragmatic contractions in breath-
hold divers. Chest 2001; 120(5):2098-2100.

18.   Lin YC, Lally DA, Moore TA, Hong SK. 
Physiological and conventional breath-hold break 
points. J Appl Physiol 1974; 37: 291–296.

19. Lindholm P, Ekborn A, Gennser M. Pulmonary 
squeeze and haemoptysis after breath-hold diving: 
an experimental study in humans. 29th Annual 
Scientific Meeting,  European Underwater and 
Baromedical Society. Copenhagen, 2003

20.  West JB, Tsukimoto K, Mathieu-Costello O, 
Prediletto R. Stress failure in pulmonary capillaries. 
J Appl Physiol 1991; 70(4):1731-1742

21.  West JB. Invited review: Pulmonary capillary stress 
failure. J Appl Physiol 2000; 89: 2483-2489

22.  Deffebach ME, Charan NB, Lakshminarayan S, 
Butler J. The bronchial circulation: small, but a 
vital attribute of the lung. Am Rev Respir Dis 1987; 
135(2):463-481

23.  Strauss MB, Wright PW. Thoracic squeeze diving 
casualty. Aerosp Med 1971; 42(6):673-675

24.  Lundgren CEG, Miller JN, eds. Lung at depth. New 
York: Marcel Dekker, Inc, 1999

25.  Namba Y, Kurdak SS, Fu Z, Mathieu-Costello 
O, West JB. Effect of reducing alveolar surface 
tension on stress failure in pulmonary capillaries. J 
Appl Physiol 1995; 79(6):2114-2121

26.  Deffebach ME. Lung mechanical effects on 
the bronchial circulation. Eur Respir J Suppl 
1990;12:586s-590s

27.  Breitenbucher A, Chediak AD, Wanner A. Effect 
of lung volume and intrathoracic pressure on 
airway mucosal blood flow in man. Respir Physiol 
1994;96(2-3):249-258

28.  Ferrigno M, Hickey DD, Liner MH, Lundgren 
CEG. Simulated breath-hold diving to 20 meters: 
cardiac performance in humans. J Appl Physiol 
1987; 62(6):2160-2167

29.  Kurss DI, Lundgren CEG, Pasche AJ. Effects 
of water temperature on vital capacity in head-
out immersion. In: Bachrach AJ, Matzgen MM, 
eds. Underwater Physiology VII. Bethesda, MD: 
Undersea Medical Society, 1971:297-301

30.  Ferrigno M, Ferretti,G, Ellis A, Warkander 
DE, Costa M, Cerretelli P, Lundgren CEG. 
Cardiovascular changes during deep breath-hold 
dives in a pressure chamber. J Appl Physiol 1997; 
83: 1282-1290

31.  Pons M, Blickenstorfer D, Oechslin E, Hold G, 
Greminger P, Franzeck UK, Russi EW. Pulmonary 
oedema in healthy persons during scuba-diving and 
swimming. Eur Respir J 1995; 8(5):762-767

32.  Hampson NB, Dunford RG. Pulmonary edema 
of scuba divers. Undersea Hyperb Med 1997; 
24(1):29-33

33.  Slade JB Jr, Hattori T, Ray CS, Bove AA, Cianci 
P. Pulmonary edema associated with scuba diving: 
case reports and review. Chest 2001; 120(5):1686-
1694

34.  Adir Y, Shupak A, Gil A, Peled N, Keynan Y, 
Domachevsky L, Weiler-Ravell D. Swimming-
induced pulmonary edema: clinical presentation 

Rubicon Research Repository (http://archive.rubicon-foundation.org)



UHM 2006, Vol. 33, No. 1– Adverse events in breath-hold diving.

62

 and serial lung function. Chest 2004; 126(2): 394-
399.

35.  Ide K, Eliasziw M, Poulin MJ. Relationship between 
middle cerebral artery blood velocity and end-tidal 
PCO2 in the hypocapnic-hypercapnic range in 
humans. J Appl Physiol 2003; 95: 129–137

36.  Fenton AM, Hammill SC, Rea RF, Low PA, Shen 
WK. Vasovagal syncope. Ann Intern Med 2000; 
133(9):714-725

37.  Westendorp RG, Blauw GJ, Frolich M, Simons R. 
Hypoxic syncope. Aviat Space Environ Med 1997; 
68(5):410-414.

38.  Jones DR. A review of central nervous system 
effects of G-induced loss of consciousness on 
volunteer subjects. Aviat Space Environ Med 1991; 
62(7):624-627.

39.  Van Lieshout JJ, Wieling W, Karemaker JM, Secher 
NH. Syncope, cerebral perfusion, and oxygenation. 
J Appl Physiol 2003; 94(3):833-848

40.  Kabat H, Dennis C, Baker AB. Recovery of function 
following arrest of brain circulation. Am J Physiol 
1941; 132:737-747.

41.  Rossen R, Kabat H, Anderson HP. Acute arrest of 
cerebral circulation in man. Arch Neurol Psych 
1943; 50:510-528.

42.  Whinnery JE. Defining risk in aerospace medical 
unconsciousness research. Aviat Space Environ 
Med 1989; 60(7):688-694.

43.  Paulev P. Decompression sickness following 
repeated breath-hold dives. J Appl Physiol 1965; 
20:1028-1031.

44.  Okudera T. Neurological diving accidents in 
Japanese breath-hold divers: a preliminary report. 
J Occup Health 2001; 43:56-60. 

45.  Kohshi K, Wong RM, Abe H, Katoh T, Okudera T, 
Mano Y. Neurological manifestations in Japanese 
Ama divers. Undersea Hyperb Med 2005; 32:11-
20.

46.  Magno L, Lundgren CEG, Ferringo M. Neurological 
problems after breath-hold dives. Undersea Hyperb 
Med 1999; 26 (Suppl.):28- 29.

Rubicon Research Repository (http://archive.rubicon-foundation.org)




