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Context

• Oxygen administration is	one of	the important	primary first	
aid measures in	diver education

• Emphasis on	
– 100%	oxygen
– As	soon as	possible
– For	as	long	as	possible until definitive care	(recompression)

• Oxygen =	pharmaceutical product
– Difficulty obtaining and filling oxygen tanks
– Commercial	oxygen	tanks	/	regulators	not	ideal	for	diving	first	aid
– Oxygen administration =	medical treatment,	reserved for medical

professionals

Evidence	based	medicine	?

• Physiologic	rationale	for	Oxygen	First	Aid	in	diving	
accidents
– Gas	bubbles	volume	are	(a)	major	cause	of	DCI		
– Vascular	Gas	Emboli	are	composed	of	inert	
(decompression)	gases

– 100%	oxygen	breathing	à
• Alveolar	PN2 close	to	zero	:	gradient	for	inert	gas	washout
• Arterial	PN2 close	to	zero	:	tissue	desaturation	enhanced
• Tissue	PN2 lower	than	PN2 in	gas	bubble	:	gas	bubble	dissolves	back	
into	tissue

• Oxygen	window	increased	:	inert	gas	transport	to	lungs	increased

Evidence	based	medicine	?

• Physiologic	rationale	for	Oxygen	First	Aid	in	diving	
accidents

• Consequences	for	first	aid	in	diving	accidents
– 100%	oxygen	breathing	needed
– As	soon	as	possible	after	the	(suspected)	diagnosis
– As	long	as	reasonably	possible	until	definitive	treatment	
(recompression	treatment)
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• Other	first	aid	measures	not	to	forget
– Rehydration	(vascular	volume)
– Position	/	manipulation	/	medication

Evidence	based	medicine	?

• Animal	experiments
– Paul	Bert	1878
– Hyldegaard et	al.	1989,	1991,	1994,	2007

• Human	studies
– Altitude	decompression	sickness:	98.1%	effectiveness	of	
return	to	ground	level	and	2hrs	GLO	(ground-level	oxygen)	
(Krause	et	al	ASEM	2000)

– Diving	decompression	sickness:	FAO2 (first	aid	with	
oxygen)	(Longphre et	al	UHM	2007)

• Improves	the	efficacy	of	first	recompression	treatment
• Reduces	need	for	multiple	recompression	treatments
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Evidence	based	medicine	?

• Human	studies:	no	randomised prospective	studies
– Retrospective	studies
– Parameters	not	well	controlled	(Concentration	?	Time	to	
start	?	Duration	?)

– Still	– effects	(NNT=6)	if	FAO2 <	4	hours	after	start	of	
symptoms	(Longphre et	al	UHM	2007)

Evidence	based	medicine	?

• Human	studies:	no	randomised prospective	studies
• Are	RCT	possible	in	DCS	?

– Only	one	RCT	published	!	
• Bennett	et	al.	UHM	2003:	NSAID	in	musculoskeletal	DCS	
• Adjunctive	to	classical	accepted	treatment	of	DCS	(FAO2,	
recompression)

– DCI	is	infrequent
• Belgium:	approx.	30-40	per	year
• Delay	in	symptom	onset	
• Delay	in	diagnosis
• Variability	in	efficacy	of	FAO2 (nitrox,	low-concentration	masks…)

Evidence	based	medicine	?

• Human	studies:	no	randomised prospective	studies
• Are	RCT	possible	in	DCS	?
• Case	files	(case	reports	not	published)

– DAN	Europe	Emergency	Telephone	Hotline
– Divers’	personal	experience
– HBO	centres’ experience	:	recurrence	of	symptoms	after	
cessation	of	oxygen	administration	

Common	cases:	cutis marmorata

Neurological	symptoms	and	
precordial	(TTE)	gas	bubbles	(VGE)

A	Unique	Case
The echography has been recorded on the Divemaster of
the group of volunteer divers participating in the study.

A.B. developed sudden central nervous Sx, with extreme
fatigue, dorsal pain, chest tightness, extreme muscular
weakness of limbs R > L, inability to stand and articulate
words, state of semi-consciousness, on surfacing from a 32
m – 44 min No-D Dive.

Ricerca Oxygen effect on	DCS
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A	Unique	Case

Ricerca Evaluation	of	F.A.D.	Risk
by	In-Flight	Echocardiograpy

Experienced Diver,	>3000	logged uneventful dives.
Always	«bubble clean»	before

Single	dive	of	the	day,	«normal»	profile,	but:
• slow	«StD»	descent,	
• «strange	&	long»	DS	
• very slow	ascent.

Ricerca Evaluation	of	F.A.D.	Risk
by	In-Flight	Echocardiograpy

Echography
30	min.	after
surfacing.
Symptoms
fully present
(paraplegia)
O.F.A.	
initiated.10	
min.	before
Grade	4	B.E.	
&	Spencer

Ricerca Evaluation	of	F.A.D.	Risk
by	In-Flight	Echocardiograpy

Echography
after 30	
minutes	of	
O.F.A.
Sx reduced
by	60%,	no	
bubbles.
Pt.	Fully
mobile	and	
speaking
normally

Lippmann. SPUMS. 2003; 33: 192-198

Longphre et al. Undersea Hyperb Med; 2007; 34: 43-9

Marroni A. European DAN data 1989-1993. 
Handbook on Hyperbaric Medicine. 1996; 265-276

Oxygen	as	Definitive	Treatment
• If	there	is	some	suspicion	by	those	present	that	DCS	may	be	the	culprit,	it	is	

recommended	that	divers	be	given	FAO2 while	expert	opinion	is	sought.

Despite	the	notorious	difficulty	in	eliminating	the	diagnosis	of	DCS,	
experienced	diving	doctors	can	often	clearly	identify	factors	that	make	DCS	
[likely	or]	unlikely.	

Under	those	circumstances,	such	an	experienced	physician	may	be	
comfortable	prescribing	simple	measures	with	or	without	further	oxygen.	
[…]	Under	these	circumstances,	FAO2 could	be	considered	definitive	
treatment	for	some	conditions.	

• http://www.alertdiver.com/396
• Mitchell SJ, Doolette D, Wachholz CJ, Vann RD, eds. Management of mild or marginal decompression

illness in remote locations: workshop proceedings. Durham, N.C.: Divers Alert Network, 2005

Evidence	based	medicine	?

• Human	studies:	no	randomised prospective	studies
• Are	RCT	possible	in	DCS	?
• Case	files	(case	reports	not	published)
• Other	diving	diseases:

– CAGE	(Cerebral	Arterial	Gas	Embolism):	life-threatening
• CPR,	100%	Oxygen	recognised as	immediate	therapeutic	measures

– IPE	(Immersion	Pulmonary	Edema):	life-threatening
• Immediate	oxygen	administration	(increase	SaO2)
• Later:	furosemide,	Positive-Pressure	respiration
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Oxygen	First	Aid:
Guidelines	from	diving	and	

hyperbaric	medicine	societies

• Undersea	&	Hyperbaric	Medicine	Society
• SPUMS
• European	Committee	for	Hyperbaric	Medicine
• Divers	Alert	Network	International
• GTUEM	- SUHMS
• DDRC
• DMAC

• Based	on	“Level	C	Evidence”	:	Consensus	of	Experts

European	Committee	for	
Hyperbaric	Medicine	1998

www.echm.org
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DAN	
(Divers	Alert	Network)

• Bierens (Ed.)	2009	Drowning:	Prevention,	Rescue,	Treatment,	p.	1116

DAN	(Divers	Alert	Network)

DAN	(Divers	Alert	Network) GTUEM	–SUHMS

GTUEM	–SUHMS GTUEM	–SUHMS
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GTUEM	–SUHMS GTUEM	–SUHMS

Diving Diseases Research	Centre	(DDRC) Diving	Medical	Advisory	
Committee	(DMAC)

http://www.dmac-diving.org/guidance/DMAC11.pdf

Diving	Medical	Advisory	
Committee	(DMAC)

http://www.dmac-diving.org/guidance/DMAC11.pdf

Diving	Medical	Advisory	
Committee	(DMAC)

http://www.dmac-diving.org/guidance/DMAC11.pdf
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Diving	Medical	Advisory	
Committee	(DMAC)

http://www.dmac-diving.org/guidance/DMAC11.pdf

Diving	Medical	Advisory	
Committee	(DMAC)

http://www.dmac-diving.org/guidance/DMAC11.pdf

Summary	of	recommendations

• Every	case	of	(suspected)	DCI	(DCS	– CAGE)
• Give 100%	oxygen (highest possible concentration)
• As	soon as	possible (minutes)	
• Until definitive treatment	given or	expert	medical
advice obtained

• With adequate	equipment	(delivery	of	high-flow	O2)
• After adequate	training	

– Recognising suspected DCI
– Safely administering O2

• Rapid	consultation	w/Diving	Medicine	Specialist	

Risks	of	giving	First	Aid	with	
Oxygen	to	diving	accidents

• Incorrect	diagnosis	
– Spinal	DCS	à lumbar	disc	hernia
– Cerebral	DCS	à acute	cerebrovascular	accident	(CVA)
– Pulmonary	DCS	à pulmonary	embolism
– Pulmonary	DCS	à immersion	pulmonary	edema
– Systemic	DCS	à shock	of	unknown	origin

• Structural	risks
– Fire,	explosion
– Delay	to	definitive	care	(in	case	of	good	clinical	response	
to	FAO2)

“Oxygen Provider”	training	

• Divers	Alert	Network	
– Pioneer Oxygen Provider	
– Internationally recognised
courses

– Adopted by many dive
organisations

• Belgian Diving Federations
– Diver Education according to EN
– Level	of	First	Aid skills	depending on	Diver Certification

NELOS	- LIFRAS
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Legal	for recreational divers	?

• EN24803	(2007	– 2014):	Recreational	diving	services	-
Requirements	for	recreational	scuba	diving	service	providers

Legal	for recreational divers	?

• NOB	(Nederlandse	Onderwatersport	Bond)

Wet BIG: Wet op de Beroepen in de Individuele Gezondheidszorg

However …

Belgian EMS Law – based on International Resuscitation Guidelines

Resuscitation Guidelines (AHA)

Administration of oxygen is not considered a 
standard first aid skill. 

AHA 2015 recommendation

This recommendation suffers one major 
exception, which is the relief of decompression 

sickness.

AHA 2015 recommendation

Singletary EM et al. Part 15: first aid: 2015 American Heart Association and American Red Cross 
Guidelines Update for First Aid. Circulation. 2015;132(suppl 2):S574–S589

Resuscitation Guidelines (ERC)

David A. Zideman et al. Part 9: First aid - 2015 International Consensus on First Aid Science with 
Treatment Recommendations. Resuscitation 95 (2015) e225–e261

ERC 2015 - PICO Question: 
Among adults and children who exhibit symptoms or 
signs of shortness of breath, difficulty breathing, or 
hypoxemia outside of a hospital (P), 
does administration of supplementary oxygen (I),
compared with no administration of oxygen (C), 
change survival with favorable neurologic/functional 
outcome at discharge, 30 days, 60 days, 180 days, and/or 
1 year; survival only at discharge, 30 days, 60 days, 180 
days, and/or 1 year; shortness of breath; time to 
resolution of symptoms; or therapeutic endpoints (e.g., 
oxygenation and ventilation) (O)?

In 2015, we focus on adults and children who exhibit signs and 
symptoms of shortness of breath, difficulty breathing, or hypoxemia 
in the out-of-hospital setting. 

Question

• In	view	of	the	medical	specificity	of	the	(diving	
accident)	situation
– Oxygen not (only)	for ensuring adequate	oxygen transport
– But	also (mainly)	for curative action	on	inert	gas	bubbles
– With extreme	emergency (minutes)

• Should	divers	with	adequate	training
– In	recognising the emergency situation
– In	safely administering oxygen

• Be	allowed	to	give	O2 before	medical	first	aid	arrives	?
– (And	insist	that	high-flow	O2 is	continued	by	EMS	!)


