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	 Inadvertent exposure to radiation, chemical agents and 
biological factors are well recognized hazards associated with 
the health care delivery system. Less well appreciated yet no 
less harmful is risk of decompression sickness in those who 
accompany patients as inside attendants (IAs) during provision 
of hyperbaric oxygen therapy. Unlike the above hazards where 
avoidance is practiced, IA exposure to decompression sickness 
risk is unavoidable. While overall incidence is low, when calcu-
lated as number of cases over number of exposures or potential 
for a case during any given exposure, employee cumulative risk, 
defined here as number of cases over number of IAs, or risk 
that an IA may suffer a case, is not. 

	 Commonly, this unique occupational environmental injury 
responds favorably to therapeutic recompression and a period of 
recuperation. There are, however, permanent and career-ending 
consequences, and at least two nurses have succumbed to their 
decompression insults. 
	 The intent of this paper is to heighten awareness of hyperbaric 
attendant decompression sickness. It will serve as a review of 
reported cases and reconcile incidence against largely ignored 
individual worker risk. Mitigation strategies are summarized and 
an approach to more precisely identify risk factors that might 
prompt development of consensus screening standards 
is proposed.   

INTRODUCTION
All individuals exposed to compressed-air environments 
risk decompression sickness (DCS), a condition result-
ing from the subsequent lowering of pressure upon 
return to normal atmospheric conditions. If rate of 
ascent exceeds that required to maintain tissue inert gas 
in its soluble form, a state of supersaturation will result. 
When significant enough, normal physiologic circula-
tory and ventilatory processes are overwhelmed and 
bubbles form [1]. Where they accumulate and in what 
volume will largely dictate their clinical significance. 
	 No definitive diagnostic test exists, although Doppler 
detection of venous gas emboli (VGE) is considered a 
useful indicator of decompression stress [2]. VGE are 
frequently detected across the continuum of the com-
pressed-air workforce and in those who dive [3,4,5]. 
In a majority of instances they result in no obvious 
harm, at least acutely. Any longer-term consequences 
are entirely unresearched.
	 Minor forms of DCS commonly produce musculo-
skeletal or cutaneous manifestations. More serious
are those involving the brain and spinal cord.

	 Hyperbaric chambers were first introduced in the 
1830s. Their use was entirely speculative and unlikely 
to have resulted in meaningful benefit. By the turn of 
the 20th century chambers were employed in support 
of mass transit tunneling and bridge construction proj-
ects [6]. Here, they served to facilitate compressed-air 
worker decompression and treat any resulting DCS. 
Over the ensuing decades the world’s navies incorporat-
ed hyperbaric chambers in support of diving operations.
	 It was not until the late 1950s that hyperbaric cham-
bers found their way into the hospital setting. Previ-
ously, they were located entirely at medically remote 
worksites. Evolution to mainstream medicine was the 
result of several additional therapeutic effects identi-
fied when oxygen is breathed at elevated pressures, and 
the term “hyperbaric oxygen therapy” introduced [6].
	 The “multiplace” (multiple occupancy) hyperbaric 
chamber is compressed with air. Its patients breathe 
oxygen via individualized systems and are accompanied 
by support personnel, working as inside attendants 
(IAs) [7]. With few exceptions IAs breathe the cham-
ber’s compressed-air atmosphere throughout the treat-

mlmoore
Typewritten Text
673-007

mlmoore
Oval



510

UHM 2017, Vol. 44, No. 6 – HEALTH CARE WORKER DCS

Clarke R

ment period, with resulting elevation in tissue nitro-
gen tension. Consistent with all others who breathe 
compressed air, IAs must be carefully decompressed 
in order to minimize DCS risk. 

REPORTS OF IA DCS
The earliest reported cases of health care worker DCS 
are found within the Proceedings of the First Interna-
tional Congress on Clinical Applications of Hyperbaric 
Oxygen, published in 1964 [8]. Each incident had 
occurred at Wilhelmina Gasthuis, the academic hospi-
tal affiliated with the University of Amsterdam. It was 
here that the clinical application of hyperbaric oxygen 
enjoyed its genesis. A hyperbaric operating room had 
been installed in 1959, primarily to increase cardiac 
ischemic times in the pre-cardiopulmonary bypass era. 

	 Vermeulen-Cranch wrote: 
	 “Three anesthetists, who were rather obese and 
	 remained sitting during decompression, were 
	 suspected of the bends (a term used to describe 
	 DCS) and each responded to recompression” [8]. 

He added a fourth case, this time an obese surgeon, 
the following year [9]. In the same 1964 Proceedings, 
Meijune noted: 
	 “. . . one of our people got the bends when she was 	
	 running to the shop shortly after decompression” [10].

	 The first formal attempt to determine the incidence 
of health care worker DCS was published that same 
year [11]. Anderson and colleagues at Duke University 
Medical Center, in North Carolina, surveyed 58 of the 
62 staff members involved in the initial 1,615 person-
nel exposures, supporting 666 diverse clinical and 
research-related chamber compressions. Four employees 
had earlier left the program so were not surveyed. 
Pressures ranged from 1.68 atmospheres absolute (ATA) 
to 6.0 ATA with a mean of 2.97 ATA. Ten episodes 
of post-decompression acute change in status were re-
ported by the 52 (90%) respondents. Most symptoms 
were consistent with largely musculoskeletal and 
cutaneous DCS, none of which had been previously 
reported. These 1,516 individual exposures represented, 
then, an incidence of 0.62% yet a cumulative risk nearing 
16%. 
	 Duke University’s hyperbaric team subsequently in-
troduced several measures aimed at reducing DCS 
incidence below that inherent within their prevailing air 

decompression tables. A more conservative computation 
of the decompression obligation was employed, as 
were selected periods of oxygen breathing during de-
compression. Further, staff members were required to 
remain under observation within the facility for one-
hour post decompression, not to be left alone that same 
evening, and not permitted to fly for 18-24 hours after 
exposure [11]. No formal reporting as to the effectiveness 
of these additional mitigation strategies could be found.
	 The first IA decompression fatality occurred in 1991. 
A 52-year-old nurse died within 90 minutes of exiting 
the Bay Medical Center hyperbaric chamber, in Panama 
City, Florida [12,13]. Autopsy findings confirmed her 
cause of death as DCS. Several operational failures and 
policy shortcomings had contributed to this tragic event. 
Her compressed-air exposure was significant in that it 
involved a period of time at a relatively high 6.0 ATA 
during a 13-hour patient treatment period. Critically, 
and while at 6.0 ATA, the nurse’s breathing mask was 
supplied with air instead of an intended 50% oxygen/ 
50% nitrogen “nitrox” mixture, thereby serving to fur-
ther increase her tissue nitrogen uptake. Compounding 
this error, she had served as an IA earlier that same 
day, so she began her fateful chamber exposure with 
already-elevated tissue nitrogen levels. She became 
symptomatic during the latter stages of decompression, 
her presentation consistent with pulmonary manifesta-
tions of DCS. She was allowed to leave the hospital in 
the absence of any formal evaluation of her complaint.
	 To determine if a gender-related risk of IA DCS might 
exist, researchers at Virginia Mason Medical Center, in 
Seattle, Washington, undertook a case control analysis 
of 7,910 pressurizations conducted between 1976 and 
1990 [14]. This period was associated with 26 cases of 
DCS, manifestations of which ranged from minor to 
severe. Exposure ratio for males and females was simi-
lar to their DCS risk. While no gender risk was identi-
fied, menses represented a significant risk factor among 
affected female IAs. Chamber pressures ranged from 
2.0 ATA to 6.0 ATA, with 2.36 ATA most commonly 
employed. Rate of DCS was dependent upon maximum 
chamber pressure (p<0.001), with most cases occurring 
following exposures to 2.8 ATA or higher. While overall 
DCS incidence was a seemingly modest 0.33%, with 
an estimated 20-30 IAs employed during the study 
period [15], cumulative risk exceeded 80%. 
	 This group likewise introduced several measures at 
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various intervals to mitigate against DCS, with ongoing 
empirical revisions as new cases occurred. They involved 
slowing and even briefly pausing decompression, breath-
ing oxygen during the latter stages of decompression, 
and breathing oxygen during both the latter isobaric 
phase and decompression. A final revision in 2009, 
increased the period of isobaric oxygen breathing. 
Five additional cases were reported subsequent to 
this last revision. Two followed 2.36-ATA exposures, 
two others involved U.S. Navy Treatment Table 6 
and the fifth after a 3.0-ATA exposure [15].
	 A 23-year study of IA DCS was reported from the 
University of Maryland Shock Trauma Center in 1995, 
involving 25,164 exposures [16]. Chamber pressure range 
was largely identical to that reported from Virginia Mason 
Medical Center, as was its most commonly used treat-
ment pressure. Nineteen cases of DCS occurred in 
13 IAs, again with no observed gender differences. Over-
all incidence was, therefore, 0.076% but with 120 IAs 
accounting for 97.5% of all exposures, cumulative 
risk approached 15%. 
	 Upon the 1992 introduction of a multiplace hyperbaric 
chamber at Turku University Central Hospital, in 
Finland, it quickly became apparent to the clinical 
team that there were no published standards or con-
sensus recommendations to guide IA decompression 
decisions [17]. Their initial approach, then, was to adopt 
Finnish recreational diver air decompression profiles. 
The first 236 pressurizations were undertaken at 2.8 ATA 
involving 43 IAs. Three cases of DCS occurred, repre-
senting an incidence of 1.3% and a 7% cumulative risk. 
The third case had occurred despite adding oxygen 
breathing during the entire decompression. The next 
661 pressurizations were conducted at an arbitrarily 
reduced pressure of 2.5 ATA with two IAs rotated dur-
ing each treatment in order to minimize individual ni-
trogen uptake. Even with this “conservative” approach 
another nurse suffered DCS. The authors suggested 
that a subsequent European Hyperbaric Consensus 
Conference should take up the issue of IA DCS. The 6th 
European Consensus Conference of Prevention of 
Dysbaric Injuries did just that and generated several 
recommendations [18]. Seemingly focused on a low re-
ported incidence while failing to appreciate individual 
employee risk, however, the report concluded that 
“working as a multiplace hyperbaric attendant is safe.” 
Other than agreeing that a linear correlation between 

increasing pressure and increasing DCS incidence ap-
peared evident, that both oxygen breathing during de-
compression and that rotating staff members were 
“extremely useful,” the report provided nothing more 
specific to better guide the hyperbaric practitioner.
	 In 1995 Geiger and colleagues reported eight cases of 
IA DCS resulting from 3,350 exposures at 2.36 ATA, with 
ascents in accordance with U.S. Navy air decompression 
procedures [19]. Following the first four cases, chamber 
exposure time was slightly reduced and oxygen breath-
ing introduced during decompression. The next two 
cases prompted heightened IA pre-exposure screening. 
After the final two cases, oxygen breathing was added 
for 10 minutes during the terminal isobaric phase. Four 
more cases occurred subsequent to this last revision.  
	 A 1999 report from Catalina Island’s hyperbaric 
chamber, a facility associated with the University of 
Southern California School of Medicine, Los Angeles, 
focused attention of the problem of unscheduled 
chamber decompression from high inert gas tissue 
loading exposures [20]. Two of three IA DCS cases 
occurred secondary to a chamber “abort.” In this 
situation there are few if any opportunities to engage 
various protective measures. 
	 A 2001 urgent chamber abort resulted in a particularly 
damaging and career-ending case of cerebral and spinal 
cord DCS. A seriously injured diver went into ventricular 
fibrillation after several hours under pressure that had 
earlier reached 6.0 ATA. The IA involved, a 44-year-old 
nurse, breathed oxygen during a very rapid chamber 
ascent and for the six minutes it took to remove and 
initiate what would ultimately prove unsuccessful 
resuscitation, and ready the chamber for reuse in order to 
address her omitted decompression. She was then re-
compressed to 1.9 ATA and breathed oxygen and 
air for three 60/15-minute cycles. Upon eventual exit 
from the chamber, she felt “very tired” and returned 
home, where she was found several hours later in acute 
distress. Serial hyperbaric oxygen therapy and sup-
portive care was incompletely successful, and she 
remains cognitively impaired today [21].
	 Following three cases of cutaneous DCS in 395 pres-
surizations involving 18 nurse IAs (0.76% incidence; 
17% cumulative risk), Brattebo and colleagues elected to 
modify their standard IA decompression protocol [22]. 
In addition to breathing oxygen during a seven-minute 
ascent from 2.4 ATA, a five- or ten-minute oxygen 
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breathing period (dependent upon chamber compres-
sion time) was introduced during the terminal isobaric 
phase. Encouragingly, no further cases occurred during 
the next 1,139 pressurizations. Confidence in this 
revised protocol was eventually shaken when, in 2002, 
one of their IAs suffered “a serious episode of neuro-
logical DCI”, an acronym for decompression sickness 
[23]. This incident was carefully investigated and no 
procedural errors or specific individual risk factors 
could be identified. 
	 As measurement of subsequent DCS incidence against 
modifications in the decompression process was con-
sidered impractical, Risberg and colleagues, from this 
same Bergen, Norway hospital, chose instead to assess 
changes in Doppler-detected VGE scores as a conse-
quence of varying DCS mitigation efforts [23]. Walker 
and colleagues had done something similar in that they 
compared two different hyperbaric treatment protocols, 
2.0 ATA and 2.8 ATA, with regard to degree of detectable 
“bubble grade” [4]. Walker’s group found that Doppler-
detected VGE were actually commonplace following 
these two somewhat routine clinical treatment pressures/
durations. Bubbles were observed in 8/18 exposures 
(44%) on the 2.0-ATA protocol and 13/19 exposures (68%) 
when studying the 2.8-ATA protocol. DCS occurred in 
only one of the 37 subjects involved and in whom no 
bubbles were observed, suggesting that bubbles form 
and produce harmful effects beyond those detectable 
within the vascular bed. Somewhat surprisingly, Risberg’s 
group found that VGE scores were not significantly 
altered by differing levels of oxygen breathing and varying 
rates of chamber ascent [23]. They concluded, there-
fore, that following their standard hyperbaric treatment 
pressure of 2.4 ATA for approximately 115 minutes, 
IAs remain exposed to significant decompression 
stress. This data could also be interpreted as evidence 
that Doppler-detected bubble scores do not cor-
relate with DCS risk in IAs. Risberg et al.’s 
findings were considered unacceptable by their insti-
tution to the extent that all future elective hyperbaric 
treatments were to be provided in oxygen-filled 
monoplace (single-patient; no attendant) chambers.
	 In May 2007 a second health care worker died as a 
result of her decompression injury, a case not widely 
known, nor formally reported, due the manner in which 
death occurred [24,25,26]. This 43-year-old nurse was 
employed by the hyperbaric medicine service at Los 

Robles Medical Center, in Thousand Oaks, California.
In April 1999 she attended an injured diver. Clinical 
decision-making related to her patient was inconsistent 
with commonly accepted practice standards, resulting 
in a considerably longer chamber exposure/nitrogen 
uptake period than otherwise medically necessary. 
Immediately upon exiting the chamber the nurse ex-
perienced shortness of breath and collapsed against a 
patient gurney. She first thought this to be an asthma 
attack and initiated treatment with her asthma reaction 
kit. Soon thereafter she developed weakness in both 
upper and lower extremities. Within a relatively short 
period she was essentially paralyzed and diagnosed 
as suffering cardiopulmonary and spinal cord DCS. 
Despite serial hyperbaric oxygenation and physical 
therapy, she failed to respond and was rendered a com-
plete quadriplegic. Her subsequent clinical course was 
complicated by ongoing infections, consistent with her 
paraplegic state, and eventually succumbed to over-
whelming sepsis eight years after her accident. If this 
was not tragic enough, the nurse operating the cham-
ber at the time of this incident was so overcome with 
remorse that, despite the fact she had been following 
a physician’s order, she took her own life.
	 In 2012 a particularly serious and career-ending case 
of cerebral and spinal cord DCS was described in a 
50-year-old experienced male IA [27]. Within 10 minutes 
of exiting the chamber he became irritable and confused. 
He subsequently developed progressive weakness and 
paresthesia in both lower extremities and was soon unable 
to ambulate. His chamber exposure had been a relatively 
modest 2.2 ATA for 110 minutes, with return to surface 
using the appropriate U.S. Navy air decompression table. 
Within 60 minutes of completing decompression he was 
returned to the chamber for treatment. Several days of 
hyperbaric oxygenation resulted in complete resolution. 
Interestingly, this individual underwent a transthoracic 
echocardiogram some 18 months later and was diag-
nosed with a large patent foramen ovale. His cerebral 
manifestations of DCS were attributed to paradoxical 
embolization.

REPORTS OF NO IA DCS
The first of three papers to report zero incidence of IA 
DCS, each representing the experience of a single in-
stitution, was published in 2009. Cooper, et al. sum-
marized Royal Hobart Hospital, Tasmania, Australia, 
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data between 1992 and 2005, involving 155 IAs and 
5,821 exposures [28]. Treatment pressures ranged up 
to 4.0 ATA, with the majority (84%) at 2.36 ATA. 
Oxygen breathing had been employed during all de-
compressions. IAs were limited to four hyperbaric 
exposures per week, with no more than three in con-
secutive days. In most instances, a minimum 18-hour 
break was required between exposures, and flying for-
bidden for 24 hours from the last chamber exposure. 
Because of regional mountainous terrain, IAs living at 
altitudes greater than 600 meters were required to 
remain at sea level (that of the hospital) for a mini-
mum of four hours.   
	 Interestingly, two cases of IA DCS did occur at this 
institution in the post-study period, each associated 
with altitude exposure [29]. The first involved a 41-year-
old female who walked to her home, at an altitude of 
275 meters, approximately one hour after a 2.36-ATA 
100-minute exposure. She immediately developed con-
stitutional symptoms consistent with DCS. Symptoms 
persisted into the following day, at which point she 
contacted the hyperbaric service. She was instructed to 
return to the hospital immediately, where she successfully 
underwent serial hyperbaric oxygen therapy. The second 
case involved a 48-year-old female who had completed 
a largely identical chamber exposure. Four hours and 
40 minutes after decompressing she drove to an altitude 
of 1,268 meters, becoming symptomatic while passing 
750 meters. Realizing she had contravened hospital 
policy she promptly returned to sea level, with symptoms 
improving as she descended. It was not until the follow-
ing day that she reported her residual condition and 
likewise recovered fully following a course of hyper-
baric oxygenation.
	 In a companion paper, the Hobart group reported 
the results of a Doppler analysis of IA decompression 
stress secondary to their 2.36-ATA treatment protocol, 
involving 28 subjects [30]. Based upon the Kisman-
Masurel scoring system [31], 68% of exposures resulted 
in a low bubble grade, 22% an intermediate grade and 
10% a high bubble grade. This degree of bubbling was 
considered acceptable by the authors when referenced 
against the Canadian Defense and Civil Institute for 
Environmental Medicine “safe” decompression recom-
mendation of Grade II or fewer bubbles in 50% or more 
of the subjects. Some would argue, however, that what 
is acceptable for military and civilian professional divers 

is not necessarily the case within the health care work- 
force. While no cases of DCS had occurred, the longi-
tudinal impact of repeated development of intravascular 
gas continues as an unknown. Again, one might con-
clude that Doppler VGE scores do not necessarily 
correlate with IA DCS.
	 Uzun, et al. undertook a retrospective analysis of 
4,532 hyperbaric exposures delivered at Gulhane 
Military Medical Academy Haydarpasa Teaching Hos-
pital, Ankara, Turkey, between 1997-2006 [32]. Forty 
nurses served as IAs during the study period, and 
chamber pressures ranged from 2.4 ATA-6.0 ATA. 
Oxygen was breathed during the final 10 minutes of 
the isobaric phase and throughout decompression. For 
longer exposure periods and higher treatment pressures
two IAs were rotated during each exposure. A policy 
of no more than one daily exposure and a maximum 
of three weekly exposures had been enforced.
	 In the final no-DCS paper, Witucki, et al. reviewed 28 
years of experience at the University of California, San 
Diego [33]. While this program’s treatment pressures 
ranged up to 6.0 ATA, they chose to address only their 
2.36-ATA protocol from a DCS incidence perspective. 
For exposure periods of less than 80 minutes IAs de-
compressed entirely in accordance with U.S. Navy air 
diving procedures. For exposure times between 80-119 
minutes, IAs breathed oxygen for 15 minutes during 
the terminal isobaric phase. Of the 24,160 treatments 
delivered at 2.36 ATA, 98% occurred within this time 
frame. For exposures between 120-139 minutes, IAs 
breathed oxygen for 30 minutes during the terminal 
isobaric phase. Notably, air was breathed during decom-
pression for all three time periods. Operational policy 
limited IAs to a single exposure within a 12-hour period. 
For higher chamber pressures, IAs were not permitted 
to undergo another exposure for a minimum of 
24 hours.

EVOLUTION OF IA DECOMPRESSION 
PROCEDURES
Safe return of health care workers from the hyperbaric 
chamber’s compressed-air atmosphere has been an 
important operational consideration since the advent 
of hyperbaric medicine. Table 1 lists the evolution 
of decompression procedures over the past six decades, 
each adaption dictated in large part by a perceived 
inadequacy in an existing approach.
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____________________________________________________________________________________________________________________________________

Table 1: Evolution of Decompression Procedures
____________________________________________________________________________________________________________________________________

	I n accordance with prevailing (usually naval) air decompression tables

	I ntroduction of a ‘safety stop’ during latter stage of air decompression

	S ignificant slowing of prevailing air decompression rate

	 Oxygen breathing during decompression

	 Oxygen breathing during slowed decompression 

	 Oxygen breathing during terminal isobaric phase and decompression

	I ncreasing period of oxygen breathing during terminal isobaric phase and decompression

	R otating IAs during isobaric phase

	L imiting IA attendance/exposure to an ‘as needed’ only basis

	 Nitrox and air breathing cycles throughout the isobaric phase

	 Nitrox (50% or 60% oxygen) breathing throughout the isobaric phase

	 Oxygen breathing during initial and terminal isobaric phase and decompression
____________________________________________________________________________________________________________________________________

	 Initially, prevailing air decompression tables gener-
ated for military and professional diving disciplines were 
adopted. These tables, however, were formulated with 
an incidence of DCS considered acceptable to respec-
tive underwater tasking so it was not long before their 
inherent risk became unacceptable for the expectations 
of the health care workplace. Clinical programs even-
tually adopted the common recreational diving com-
munity practice of a “safety stop” during the latter stage 
of decompression. This pause had been shown to reduce 
Doppler-detected VGE. Slowing the rate of decom-
pression became another strategy. The U.S. Navy had 
earlier introduced an operational reduction, slowing 
by 50% the ascent rate for surfacing divers. Hyperbaric 
practitioners slowed the rate even further, with many 
combining it with the safety stop. The intent of all 
of this was to limit the degree of decompression-
induced inert gas supersaturation. 
	 Subsequently, oxygen replaced air breathing during 
decompression, via an individualized oral nasal mask. 
Here, oxygen’s value is twofold. Primarily, it removes the 
78% nitrogen in air, thereby steepening its elimination 
gradient from blood to lung. Further, should nitrogen 
bubbles form within blood, surrounding high oxygen 
tensions prompt volume reduction through the process 
of inherent unsaturation [34].
	 With cases of DCS continuing to occur, oxygen 
breathing was extended into the latter isobaric stage, 
which served to limit nitrogen uptake prior to decom-

pression. This was at first controversial as it placed IAs 
at risk of potentially incapacitating central nervous 
system oxygen toxicity. They were instructed, therefore, 
not to secure their oxygen mask so it would fall off in the 
event of seizure, thereby returning the IA to air breath-
ing, and to limit physical activity. With no subsequent 
reports of toxicity, this concern was eventually allayed. 
Isobaric oxygen breathing periods were subsequently 
extended from 5-10 to as many as 20 or more minutes. 
Less common has been the practice of breathing oxygen 
upon arrival at the isobaric phase [17]. Doing so adds 
a measure of protection in the event of unscheduled 
decompression, but has to be reconciled against the 
greater patient care demands common during this 
early treatment phase.  
	 Where staffing levels are sufficient, some insitutions 
elect to rotate IAs during a given treatment [17]. This 
again serves two purposes. Principally, it reduces nitro-
gen uptake to the point that DCS risk is essentially 
eliminated for both staff members upon scheduled de-
compression. Further, any unscheduled decompression, 
secondary to a medical emergency, critical equipment 
failure or chamber structural issue, can place the IA at 
high risk of DCS. Having two IAs “divide” the nitro-
gen exposure significantly lowers this threat.
	 Another protective method is for IAs to breathe a 
“nitrox” mixture (commonly 50% oxygen/50% nitrogen), 
either continually or intermittently [41,42]. This can, 
however, be logistically burdensome, particularly when
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meeting multiple patient care needs and involving larger 
chambers where mask supply and exhaust hoses are 
of a fixed length.
	 Finally, that many uneventful decompressions can 
be followed by an injurious one, all having involved a 
largely identical chamber exposure, suggests one or 
more individual risk factors. While not within the scope 
of this review to address this aspect of IA decom-
pression safety, recommended operational policies and 
employee expectations to mitigate against DCS are 
included here as Table 2. 

IA DECOMPRESSION PROCEDURE GUIDANCE
The empirical nature of various decompression proce-
dures, absence of controlled comparative data, lack of 
consensus standards, and with little procedural unifor-
mity, makes it largely impossible to provide high confi-
dence guidance across the range of hyperbaric chamber 
pressure-exposure profiles. While patient therapeutic 
dosing and IA decompression decisions rest ultimately 
with the treating physician, what follows are recom-
mendations that represent the opinions of this author. 
1.	Decompression sickness and cerebral arterial gas 
embolism
U.S. Navy Treatment Tables 5, 6 and 6A are arguably the 
most widely adopted dosing protocols for these two in-
dications [35]. Several revisions of the U.S. Navy Div-
ing Manual have incrementally extended IA oxygen 
breathing times [36]. The current standards appear in 

____________________________________________________________________________________________________________________________________

Table 2: IA DCS RISK MITIGATION
____________________________________________________________________________________________________________________________________

	 Pre-employment “fitness to work in pressurized settings” health screening.

	 Periodic re-screening

	R escreening following illness or injury 

	 Maintain general wellbeing (cardiovascular fitness and body mass index issues)

	 Ensure pre-exposure fitness: adequate hydration, well rested, report any acute change in health

	 Enhance decompression procedures beyond prevailing air decompression tables

	 Mandatory observation period at the hyperbaric facility immediately post-decompression

	 Mandatory reporting of any acute change in post-decompression health status

	 Mandatory ‘hold’ period post-decompression before altitude exposure/pressure reduction

	L imit number of weekly and consecutive daily exposures

	 Avoid scheduling of ‘repetitive’ exposures

	 Employ minimum chamber pressure necessary to produce desired therapeutic effect
____________________________________________________________________________________________________________________________________

Revision 7, 2016, of the Manual [35] and included here 
as Table 3. The goal of increasing periods of oxygen-
ation is to completely eliminate DCS, and a response 
to a Freedom of Information Act request suggests that 
this may have been achieved [37]. There have been no 
reported cases during U.S. Navy operations between 
2006-2016. Not addressed in this FOIA request was a 
breakdown of number of exposures per treatment table. 
In the absence of anything to the contrary, then, U.S. 
Navy IA decompression procedures should be employed.

2.	Clostridial myonecrosis and carbon monoxide 
poisoning
Weight of prevailing evidence supports treatment of 
clostridial myonecrosis at 3.0 ATA in order to maximize 
its anti-microbial effect [38]. Likewise, laboratory and 
clinical data support 3.0 ATA (at least for the initial 
treatment) for carbon monoxide poisoning [39,40]. 
This relatively high chamber pressure warrants a par-
ticularly conservative approach to IA decompression.
	 Rotating IAs is effective in both limiting respective 
individual nitrogen uptake to the point that DCS is 
highly unlikely, and in protecting against DCS in the 
event of unscheduled decompression. This will, how-
ever, require a larger staffing pool that might not always 
be available. Alternatively, IAs can breathe a nitrox mix-
ture (50% or 60% oxygen, balance nitrogen), involving 
15 minutes of nitrox/10 minutes of chamber air atmo-
sphere cycles [41]. Again, this greatly limits nitrogen 
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Table 3: U.S. NAVY Table 17-7. Tender Oxygen Breathing Requirements (Note 1)

			   ------------------------ Altitude ----------------------	

	 Treatment Table (TT)	 surface to	 2,500 feet to 	 7,500 feet to
			   2,499 feet	 7,499 feet	 10,000 feet

_________________________________________________________________________________________________________________________________________________

	 TT5 (Note 2)	 without extension	 :00	 :00	 :00

		  with extension @ 30 fsw	 :00	 :00	 :20
_________________________________________________________________________________________________________________________________________________

	 TT6 (Note 2)	 up to one extension 	 :30	 :60	 :90
		  @ 60 fsw or 30 fsw

		  more than one extension 	 :60	 :90	 :120
_________________________________________________________________________________________________________________________________________________

	 TT6A (Note 2)	 up to one extension 	 :60	 :120	 :150 (Note 3)
		  @ 60 fsw or 30 fsw

		  more than one extension	 :90	 :150 (Note 3)	 :180 (Note 3)
_________________________________________________________________________________________________________________________________________________

	 Note 1:	 All tender O2 breathing times in table are conducted at 30 fsw. In addition, tenders will breathe 
		  O2 on ascent from 30 fsw to the surface.
	

	 Note 2:	I f the tenders had a previous hyperbaric exposure within 18 hours, use the following guidance 
		  for administering O2:

		  For TT5, add an addition 20-minute O2 breathing period to the times in the table.

		  For TT6 or TT6A, add an additional 60-minute O2 breathing period to the times in the table.

		  For other treatment tables contact Naval Experimental Diving Unit for guidance.
	

	 Note 3:	I n some instances, tender’s oxygen breathing obligation exceeds the table stay time at 30 fsw.

		  Extend the time at 30 fsw to meet these obligations if patient’s condition permits. Otherwise, 

		  administer O2 to the tender to the limit allowed by the treatment table and observe the tender 

		  on the surface for 1 hour for symptoms of DCS.

				    U.S. Navy Diving Manual Revision 7, 2016
_________________________________________________________________________________________________________________________________________________

uptake/risk in the event of unscheduled decompression. 
An even more unique and somewhat controversial ap-
proach is to leave patients largely unattended during 
treatment. Here, an IA will enter the chamber only to 
attend a specific patient need, and this is done while 
breathing nitrox. The IA decompresses immediately 
thereafter. The amount of nitrogen taken up with this 
approach would never be sufficient to complicate de-
compression and has been adopted at Copenhagen 
University Hospital, Denmark [42]. While many are 
likely to find this an unacceptable level of attendance, 
the Copenhagen group is no doubt influenced by a 
2012 report from the Danish Agency for Safety and 
Health at Work that considered working in a hyperbaric 
chamber to be particularly risky, rating it as one of 
the 10 most dangerous professions [43].

	 In the absence of nitrox availability, an unwillingness 
to leave patients unattended and an inadequate pool 
of IAs for rotational purposes, one is left with oxygen 
breathing and slowed decompression. Arguably, oxygen 
should be breathed for a yet ill-defined period during 
the terminal isobaric phase (with the IA at rest and avoid-
ing cramped positions) and throughout decompression.
3.	All other common indications
A majority of multiplace chamber treatments are ren-
dered at chamber pressures ranging from 2.36 ATA to 
2.5 ATA. It is here that an opportunity exists to sig-
nificantly reduce DCS incidence and risk by lowering 
chamber pressure to the minimum required to achieve 
the desired therapeutic effect. It was the pioneering work 
at the U.S. Air Force School of Aerospace Medicine, 
in San Antonio, Texas, that introduced the now widely 



UHM 2017, Vol. 44, No. 6 – HEALTH CARE WORKER DCS

517Clarke R

UHM 2017, Vol. 44, No. 6 – HEALTH CARE WORKER DCS

adopted multiplace chamber dosing protocol [44]. This 
early experience involved patients breathing oxygen via 
oral nasal masks in chambers compressed with air. As 
these masks do not achieve 100% delivery [45,46], the 
2.0-ATA oxygen pressure in common use in Europe and 
North America at the time, invariably using oxygen-
filled monoplace chambers, could not be achieved with 
a multiplace chamber pressure of 2.0 ATA. Pressure 
was, therefore, adjusted upward to a somewhat arbitrary 
2.36 ATA [44]. Some practitioners have since rounded 
this up to 2.4 ATA, others to 2.5 ATA. With the intro-
duction of a hood that fully encloses the patient’s head, 
100% oxygen inhalation is assured. It is no longer nec-
essary, therefore, to adjust chamber pressure to 
compensate for this chamber pressure-oxygen pressure 
mismatch. Increasingly, multiplace programs have 
elected to lower chamber pressure to 2.0 ATA as a func-
tion of the hood’s effective delivery of 100% oxygen and 
a consequence of IA DCS at higher pressures. This 
2.0-ATA chamber pressure recommendation would not 
apply where oral nasal masks continue to be used. 
	 An oxygen pressure of 2.0 ATA is consistent with 
the treatment protocol guidelines of the Undersea and 
Hyperbaric Medical Society [47], coverage determina-
tions of the U.S. Medicare program, practice standards 
of a great majority of monoplace chamber facilities, 
and that employed in the first randomized double-blind 
sham-controlled clinical trial to establish efficacy in 
deficient wound healing [48]. The second of the two 
large (from a hyperbaric medicine perspective, at least) 
randomized, double-blind sham-controlled trials to 
demonstrate a significant wound healing advantage 
used a 2.5-ATA chamber pressure and oral nasal mask 
oxygen delivery [49]. As noted above, this mask type 
does not affect 100% oxygen inhalation [45,46]. It is 
quite likely, therefore, that study subjects were treated 
with an oxygen dose ranging from 2.1 to 2.2 ATA. An 
early animal study did demonstrate increasing angio-
genesis with increasing hyperbaric oxygen pressures [50]. 
While this research did not determine the level at which 
its density had become sufficient enough to prompt an 
adequate therapeutic response, the study’s first author 
acknowledged that 2.0 ATA was “clinically acceptable” 
[51]. Prevailing efficacy data and a great deal of 
clinical experience indeed support 2.0 ATA oxygen in 
this regard.
	 A pressure of 2.0 ATA for a typical IA exposure dura-

tion of up to 120 minutes (a time not generally exceeded) 
is a relatively modest inert gas loading exposure, repre-
senting just 51% of the time allowed by the prevailing 
U.S. Navy air decompression table before staged decom-
pression (a brief pause during ascent) becomes necessary
[35]. One anticipates that breathing oxygen during 
decompression from this exposure and slowing rate of 
ascent to slower than the U.S. Navy’s prescribed 30 feet 
per minute would be very protective. Adding a period of 
oxygen breathing (10-20 minutes) during the terminal 
isobaric phase would appear particularly conservative.
	 For those who elect to continue to practice within 
the 2.36-ATA to 2.5-ATA chamber pressure range, IA 
decompression recommendations would be essentially 
those noted in Number 2, above. Some argument exists 
for these higher oxygen pressures to be employed in the 
management of necrotizing soft tissue infections and 
when treating/mitigating against ischemia-reperfusion 
injury.

Denitrogenization 
There is another mitigation strategy yet to be considered, 
one that involves IAs breathing oxygen immediately 
prior to entering the chamber. This denitrogenization 
process has been routinely employed in military aviators 
and astronauts. Castagna et al. [52] studied the effects 
of 30 minutes of oxygen breathing in 21 recreational 
divers, ending 10 minutes before entering the water. 
Post-dive Doppler analysis of VGE found significantly 
decreased counts in all dives preceded by preoxygen-
ation. Decreases were even greater following a second 
dive two hours later, one that did not involve additional 
preoxygenation. This suggests a second mechanism, as 
nitrogen would be expected to reaccumulate during 
the air breathing interval. It has been hypothesized that 
replacement of nitrogen by oxygen occurs within pre-
existing micronuclei before they are able to form bubbles 
[53]. Further, reduction of tissue oxygen upon reverting 
to air breathing several minutes before pressurization 
might serve to enhance consumption of oxygen from 
nuclei, to the point of eliminating them completely.  
	 Some 30 minutes of oxygen breathing beginning 
40 minutes before pressurization would not appear 
too burdensome as others prepare the chamber. Its 
particular value might be for 3.0-ATA pressures and 
where the upcoming treatment represents the IA’s
second exposure within the previous 12 hours.



SUMMARY
The hyperbaric work environment has not received the 
degree of oversight afforded those with potential for 
exposure to radiation, blood-borne pathogens and 
chemical hazards, in terms of establishing exposure 
limits, employee screening standards and incident re-
porting. That neurologically damaging and career-end-
ing DCS continues to occur, that such cases are certainly 
under-reported, and that at least two IAs have succumbed 
to their decompression insults, argues for more critical 
attention on this important health care worker risk issue. 
	 A case can, therefore, be made for the development 
and introduction of a population-based longitudinal 
study, perhaps in the form of a robust registry. Ideally, it 
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would be international in scope and participation at the 
very least encouraged by those whose remit extends to 
safety and well-being within the health care workplace. 
The results of any such undertaking would be likely to 
generate a more comprehensive appreciation of scope 
and degree of IA decompression injury. It would better 
identify risk factors, thereby prompting consensus 
screening standards that could serve to optimize decom-
pression procedures. The sum of all of this would be 
improved employee safety within this unique occu-
pational environmental setting. 
							       n

The author declares that no conflicts of interest exist 
with this submission.

_____________________________________________________________________________________________________________________________________________________________________

REFERENCES

		  1.	 Moon RE. Hyperbaric oxygen treatment for decompression 
sickness. Undersea Hyperb Med. 2014; 41(2): 151-157.

		  2.	 Eftedal OS, Lydersen S, Brubakk AO, et al. The relationship 
between venous gas bubbles and adverse effects of decompression 
after air dives. Undersea Hyperb Med. 2007; 34(2): 99-105.

		  3.	 Van Rees Vellinga TP, Sterk W, De Boer Agem, et al. Doppler 
ultrasound surveillance in deep tunneling compressed-air work with 
trimix breathing: bounce dive technique compared to saturation-
excursion technique. Undersea Hyperb Med. 2008; 35(6): 407-416.

		  4.	 Walker M, Capps R, Pirone C, et al. Doppler detection of 
circulating bubbles in attendants, decompressed on oxygen, follow-
ing routine hyperbaric treatments. SPUMS J. 1995; 25(2): 62-64.

		  5.	 Dunford RG, Vann RD, Gerth WA, et al. The incidence of venous 
gas emboli in recreational diving. Undersea Hyperb Med. 2002; 
29(4): 247-259.

		  6.	 Clarke D. History of hyperbaric therapy. In. Physiology and 
Medicine of Hyperbaric Oxygen Therapy 2008. Newman TS, Thoms 
SR Eds. Saunders Elsevier Press ISBN:978-1-4160-3406-3.

		  7.	 Gerbino AJ, Hampson NB. Multiplace hyperbaric chambers. 
In. Physiology and Medicine of Hyperbaric Oxygen Therapy 2008. 
Newman TS, Thom SR Eds. Saunders Elsevier Press ISBN:978-1-
4160-3406-3.
		  8.	 Vermeulen-Cranch, DME. Proceedings of the First International 
Congress on Clinical Applications of Hyperbaric Oxygen. New York: 
Elsevier Publishing Co., 1964.

		  9.	 Vermeulen-Cranch, DME. Anaesthesia in a high pressure 
chamber. Proc R Soc Med. 1965;58(5):319-325.

	 10.	 Meijune NG. Proceedings of the First International Congress 
on Clinical Applications of Hyperbaric Oxygen. New York: Elsevier 
Publishing Co., 1964 

	 11.	 Anderson B, Whalen RE, Saltzman HA, et al. Dysbarism among 
hyperbaric personnel. JAMA 1964;190(12):87-89.

	 12.	 Hyperbaric nurse dies of decompression sickness; unit gets OK. 
Hosp Secur Safe Manage. 1992; Sep. 13(5):3.

	 13.	 District Court of Appeal of Florida, First District. No. 94-549 
Harley L. Vause v. Bay Medical Center & Douglas L. Stringer. 
December 30, 1996.

	 14.	 Dunford RD, Hampson NB. Gender-related risk of decom-
pression sickness in hyperbaric chamber inside attendants: a case 
control study. Undersea Biomed Res. 1992; 19(SUPPL):37.

	 15.	 Kramer C, personal communications April 2017 and August 
2017.

	 16.	 Dietz SK, Myers RA. Decompression illness in HBO inside 
tenders: a review of 23 years of exposures. Undersea Hyperb Med. 
1995; 22(Suppl):57.

	 17.	 Klossner J, Niinikoski J, Kaunisto M, et al. Risk of decompres-
sion sickness (dcs) among attending nursing personnel during HBO 
therapy in multiplace chamber: what measures should be taken to 
optimise the safety of personnel? Proceedings: International Joint 
Meeting on Hyperbaric and Underwater Medicine 1996 Milan, Italy: 
251-253.

	 18.	 Anon. Recommendations of the jury - prevention of dysbaric 
injuries in diving and hyperbaric work. Eur J Underwater Hyperbaric 
Med. 2004;5(1):6-8 6th ECHM Consensus Conf, Geneva, Oct 24-25, 
2003.

	 19.	 Geiger J, Crouch M, Mezistrano-Boer D, et al. Review of staff 
DCS in a clinical hyperbaric medicine facility. Proceedings: 1995 
Annual Scientific Meeting of the Gulf Coast Chapter, UHMS New 
Orleans, LA.

	 20.	 Huggins KE. Tender decompression procedures and decom-
pression sickness incidence on the Catalina Consolidated Treatment 
Tables. Proceedings: UHMS Pacific Chapter Annual Meeting, Los 
Angeles, CA 1999.



UHM 2017, Vol. 44, No. 6 – HEALTH CARE WORKER DCS

519Clarke R

UHM 2017, Vol. 44, No. 6 – HEALTH CARE WORKER DCS

	 21.	 Gonzales D. Hyperbaric safety pre-course. Undersea and 
Hyperbaric Medical Society Annual Scientific Meeting, Montreal, 
Canada 2015.

	 22.	 Brattebo G, Aanderud L, Riseberg J, et al. Incidence of decom-
pression illness among HBO Nurses. Proceedings: 23rd Annual 
Scientific Meeting EUBS 1997.

	 23.	 Risberg J, Englund M, Aanderud L, et al. Venous gas embolism 
in chamber attendants after hyperbaric exposure. Undersea Hyperb 
Med. 2004;31(4):417-429.

	 24.	 www.osha.gov/pls/imis/accidentsearch.accident_
detail?id=170902555 

	 25.	 Personal communication, deceased’s treating physician, legal 
representative, family friends January – April 2017.

	 26.	 Mary Ann Isdale vs. Los Robles Regional Medical Center and 
Alan Rashkin, MD. California Superior Court, Ventura County. Case 
numbers SC024863 (10/18/1999) and SC026498 (4/24/2000).

	 27.	 Johnson-Arbor K. Type II decompression sickness in a hyper-
baric inside attendant. Undersea Hyperb Med. 2012; 30(5): 915-919.

	 28.	 Cooper PD, Van Den Broek C, Smart DR, et al. hyperbaric 
chamber attendant safety II: 14-year health review of multiplace 
chamber attendants. Diving Hyperb Med. 2009; 39(2): 71-76.

	 29.	 Van den Broek C. Two cases of decompression sickness in 
nurse attendants due to a lapse in protocols. XIX International 
Congress on Hyperbaric Medicine, May 2017 Belgrade, Serbia.  

	 30.	 Cooper PD, Van Den Broek C, Smart DR, et al. hyperbaric 
chamber attendant safety I: Doppler analysis of decompression stress 
in multiplace chamber attendants. Diving Hyperb Med. 2009; 39(2): 
63-70.

	 31.	 Kisman KE, Masurel G, Guillerm R, et al. Bubble evaluation 
code for Doppler ultrasonic decompression data [Abstract]. 
Undersea Biomed Res. 1978;5:28. 

	 32.	 Uzun G, Mutluoglu M, Ay H, et al. Decompression sickness 
in hyperbaric nurses: retrospective analysis of 4500 Treatments. 
J Clin Nurs. 2011; 20(11-12):1784-1787.

	 33.	 Witucki P, Duchnick J, Neuman T, et al. Incidence of DCS 
and oxygen toxicity in chamber attendants: a 28-year experience. 
Undersea Hyperb Med. 2013;40(4):345-350.

	 34.	 Van Liew HD, Burkard ME. Bubbles in circulating blood: 
stabilization and simulations of cyclic changes of size and content. 
J Appl. Physiol (1985) 1995;79(4):1379-1385.

	 35.	 U.S. Navy Diving Manual Revision 7, December 2016. Superin-
tendent of Documents, U.S. Government Printing Office, Washington, 
D.C. 20402

	36.	 Doolette DJ, Goble S, Pirone CJ, et al. Health outcome of 
hyperbaric chamber inside attendants following compressed air 
exposure and oxygen decompression. SPUMS 2004; 34(2): 63-67.

	 37.	 Freedom of Information Act Case 2017-NSC-51; DON-NAVY-
2017-001697 January 20, 2017.

	 38.	 Bakker DJ. Clostridial myonecrosis (gas gangrene). Undersea 
Hyperb Med. 2012; 39(3) :731-737.

	 39.	 Thom SR. Antagonism of carbon monoxide-mediated brain 
lipid peroxidation by hyperbaric oxygen. Toxicol Appl Pharmacol. 
1990; 105: 340-344.

	 40.	 Weaver LK, Hopkins RO, Chan KJ, et al. hyperbaric oxygen for 
acute carbon monoxide poisoning. N Engl J Med. 2002; 347(14): 
1057-1067.

	 41.	 Larsson A, Uusijarvi J, Franberg O, et al. Nitrox permits direct 
exit for attendants during extended hyperbaric oxygen treatment. 
Undersea Hyperb Med. 2012; 39(1): 605-612.

	 42.	 Hansen MB, Jansen T, Sifakis M, et al. Chamber personnel’s use 
of nitrox 50 during hyperbaric oxygen treatment: a quality study-
research report. Undersea Hyperb Med. 2013; 40(5): 395-402.

	 43.	 Arbejdstilsynet (The Danish Agency for Safety and Health at 
Work) C. Bilag 1-Liste over saerlight farligt arbejde (Appendix 1- List 
of particularly hazardous work) [Internet]. Arbejdstilsynet, bekend-
tgorelser [cited 2012 Sep 21]. Available from: https://arbejdstilsynet.
dk/da/regler/bekendtgorelser/b/bygge-og-anlaegsarbejde-1516/
bilag-1.

	 44.	 Sheffield PJ. How the Davis 2.36 ATA wound healing enhance-
ment treatment table was established. Undersea Hyperb Med. 2004; 
31(2): 193-194.

	 45.	 Sheffield PJ, Stork RL, Morgan TR, et al. Efficient oxygen mask 
for patients undergoing hyperbaric oxygen therapy. Aviat Space 
Environ Med 1977; 48(2): 132-137.

	 46.	 Stephenson RN, Mackenzie I, Watt SJ, et al. measurement of 
oxygen concentration in delivery systems used for hyperbaric oxygen 
therapy. Undersea Hyperb Med. 1996; 23(3): 185-188.

47.	 Hyperbaric Oxygen Therapy Indications, 13th Edition 2014. 
Weaver LK, Ed. ISBN 978-1930536-73-9 Best Publishing Co. USA.

	 48.	 Clarke RE, Tenorio LMC, Hussey Jr, et al. Hyperbaric oxygen 
treatment of chronic refractory radiation proctitis: a randomized 
and controlled double-blind crossover trial with long-term follow-up. 
Int J Radiation Oncology Biol Phys. 2008; 72(1): 134-143.

	 49.	 Londahl M, Nilsson A, Katzman P, Hammarlund C. Hyperbaric 
oxygen therapy facilitates healing of chronic foot ulcers in patients 
with diabetes. Diabetes Care 2010; 33(5) 998-1003 

	 50.	 Marx RE, Ehler WJ, Tayapongsak P, et al. Relationship of oxygen 
dose to angiogenesis induction in irradiated tissue. Am J Surg. 1990; 
160: 519-524.
	 51.	 Marx RE. Radiation injury to tissue. In: Hyperbaric Medicine 
Practice 3rd. Kindwall EP, Whelan HT Ed’s. 2008 Best Publishing 
Company, Flagstaff, Arizona.

	 52.	 Castagna O, Gempp E, Blatteau JE, et al. Pre-dive normobaric 
oxygen reduces bubble formation in scuba divers. Eur J Appl Physiol 
2009; 106(2): 167-172.

	 53.	 Arieli Y, Arieli R, Marx A, et al. Hyperbaric oxygen may reduce 
gas bubbles in decompressed prawns by eliminating gas nuclei. 
J Appl Physiol 2002; 92: 2596-2599.
 									        ✦




