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PrinciplesPrinciples of HBO of HBO TherapyTherapy

SupplementalSupplemental oxygenoxygen –– cellcell survivalsurvival
Tissue Tissue hyperoxygenationhyperoxygenation –– infectioninfection
controlcontrol
AlternatingAlternating hyperoxiahyperoxia / / hypoxiahypoxia ––
stimulationstimulation of tissue of tissue repairrepair



HBO HBO TherapyTherapy has a long has a long historyhistory
of of notnot beingbeing taken taken seriouslyseriously

HyperbaricHyperbaric AirAir
–– HenshawHenshaw 16671667
–– CunninghamCunningham 19281928

HyperbaricHyperbaric OxygenOxygen
–– ChestChest 1987: 132 1987: 132 ““indicationsindications”” listedlisted
–– VariousVarious internet internet sourcessources



EssentialEssential questionsquestions

1.1. Is Is therethere a (a (locallocal oror generalisedgeneralised) ) 
lacklack of of oxygenoxygen ??

2.2. Does Does thisthis hypoxiahypoxia causecause oror aggravateaggravate
the the diseasedisease ??

3.3. CanCan HBO HBO improveimprove tissue tissue oxygenationoxygenation ??
4.4. Is Is therethere evidenceevidence thatthat improvingimproving tissue tissue 

oxygenationoxygenation improvesimproves the the diseasedisease ??
5.5. Is Is therethere a a goodgood ““riskrisk--benefitbenefit”” ratio ratio 

forfor thisthis particularparticular patientpatient ??



OxygenOxygen as a as a drugdrug
IndicationsIndications
DoseDose
Timing and Timing and durationduration of of treatmenttreatment
SideSide effectseffects
–– ClaustrophobiaClaustrophobia
–– Barotrauma (> middle Barotrauma (> middle earear, sinus), sinus)
–– OxygenOxygen toxicitytoxicity (convulsions, (convulsions, myopiamyopia))

Patient Patient selectionselection !!



HBO as a HBO as a primaryprimary therapytherapy ??

DecompressionDecompression SicknessSickness
((ArterialArterial) Gas ) Gas EmbolismEmbolism
BUT: BUT: nono ““validvalid”” scientificscientific evidenceevidence !!

KCE Report 2008KCE Report 2008
CochraneCochrane ReviewsReviews



HBO as HBO as anan adjunctiveadjunctive therapytherapy

Level I Level I ScientificScientific EvidenceEvidence = missing= missing

ReasonsReasons: multiple: multiple
–– Low Low numbernumber of of comparablecomparable cases in cases in 

variablevariable diseasesdiseases, , somesome of (of (veryvery))
low low prevalenceprevalence

–– Low Low numbernumber of HBO of HBO centrescentres, , nono//littlelittle
financingfinancing

–– SenseSense of of ““unun--ethicsethics”” to to conductconduct RCTsRCTs



HBO as HBO as adjunctiveadjunctive therapytherapy

TreatmentTreatment failurefailure is is notnot necessarilynecessarily
proofproof of of ““failurefailure of HBOof HBO””



AcceptedAccepted indicationsindications forfor HBOHBO

BasedBased onon Consensus of Consensus of EvidenceEvidence
UHMS UHMS IndicationsIndications CommitteeCommittee
–– HBOT Experts PanelHBOT Experts Panel

ECHM Consensus ConferenceECHM Consensus Conference
–– Consensus Consensus betweenbetween HBO Experts and HBO Experts and 

Experts Experts fromfrom nonnon--HBOHBO fieldfield
–– AcknowledgementAcknowledgement of Level of of Level of EvidenceEvidence



www.echm.org
www.oxynet.org
www.achobel.be



Consensus Consensus GuidelinesGuidelines: : 
are are theythey ““bad bad evidenceevidence”” ??

AHRQ Diabetes AHRQ Diabetes GuidelinesGuidelines 2005: 2005: 
85% Consensus 85% Consensus basedbased ! ! 
Consensus  Consensus  -- basedbased onon best best availableavailable
evidenceevidence ((ifif notnot Level I, go to Level I, go to nextnext
best level)best level)
Practical Practical guidelinesguidelines, , notnot ““proofproof””
oror ““truthtruth””
ReviewReview periodicallyperiodically, , accordingaccording to to 
strictstrict methodologymethodology
((systematicsystematic reviewreview))



((AnaerobicAnaerobic) ) infectionsinfections

Wide range of Wide range of possiblepossible diseasesdiseases
–– ClostridialClostridial MyonecrosisMyonecrosis
–– Mixed (Mixed (anan)aerobic )aerobic necrotisingnecrotising soft soft 

tissue tissue infectionsinfections
–– DeepDeep abcessesabcesses ((brainbrain abces)abces)
–– Mixed Mixed infectionsinfections in in compromisedcompromised hostshosts

((diabeticdiabetic, , agedaged, , immunodepressedimmunodepressed
patientspatients))



((AnAn)aerobic )aerobic infectionsinfections

Level of Level of EvidenceEvidence C : Consensus C : Consensus opinionopinion of of 
experts experts 
RCTsRCTs: none: none
AdjunctiveAdjunctive treatmenttreatment –– notnot compromisingcompromising
otherother optimisedoptimised carecare



AnaerobicAnaerobic infectionsinfections



AnaerobicAnaerobic infectionsinfections



WoundWound healinghealing

DiabeticDiabetic woundswounds
ArterialArterial insufficiencyinsufficiency woundswounds
VenousVenous insufficiencyinsufficiency woundswounds
RadionecrosisRadionecrosis lesionslesions

ChronicChronic hypoxiahypoxia isis a a keykey factorfactor
in the in the failurefailure of of woundwound detersiondetersion
and granulationand granulation





ChronicChronic woundswounds



TranscutaneousTranscutaneous pO2 pO2 measurementmeasurement



TranscutaneousTranscutaneous pOpO22 measurementmeasurement
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(Hunt et al. 1972)





StimulationStimulation of tissue of tissue healinghealing

•• High PHigh PaaOO22 = High = High PPcapillcapill OO22

•• High High PPcapillcapill OO2 2 = High = High PPtissuetissue OO22

•• AlternatingAlternating hyperoxiahyperoxia ‐‐ normoxianormoxia

•• FibroblastFibroblast proliferationproliferation

•• StimulationStimulation of of granulationgranulation



WoundWound healinghealing

HBO HBO therapytherapy willwill not change the not change the 
macrovascularmacrovascular situation !situation !
ArterialArterial insufficiencyinsufficiency woundswounds : : 
probablyprobably not a good indication not a good indication 
if no longif no long‐‐termterm vascularvascular
improvementimprovement possiblepossible
DiabeticDiabetic, , venousvenous, , radionecroticradionecrotic
lesionslesions : : 
–– ComprehensiveComprehensive evaluationevaluation beforebefore HBOHBO
–– Evaluation Evaluation afterafter 1515‐‐20 20 daysdays

















DD, Male 52yrs

NIDDM since 21yrs

Wound : 3yrs

Total HBO sessions: 
37 (27 + 10 postop)

A: 15 days HBO

B: 30 days / graft 5d

C: 60 days

A B C



Clinical EvidenceClinical Evidence
Löndahl M. et al. :  Hyperbaric Oxygenation Facilitates the Healing
Rate of Chronic Foot Ulcers in Patients with Diabetes. 
Diabetes Care 2010, 33: 998–1003

94 patients (Wagner 2, 3, or 4, present for >3 mths) 
Randomised HBO 2.5 ATA 90min vs. placebo air. 

ITT analysis ‐ complete healing at 1‐yr follow‐up :
HBO : 25/48 (52%)     vs Placebo Air : 12/42 (29%)    (P<0.03)

Sub‐analysis ‐ patients with >35 HBO sessions : 
HBO : 23/38 (61%)     vs Placebo Air : 10/37 (27%)   (P<0.009)

Conclusion: HBO facilitates the healing of chronic foot ulcers in 
selected diabetic patients
NNT: 4.2 patients for 1 non‐healing ulcer (ITT analysis)



LLööhndalhndal M. et al. M. et al. DiabetesDiabetes Care 2010Care 2010



PharmacoPharmaco--economics, anyone ?economics, anyone ?

Roeckl-Wiedmann I, Bennett M, et al. : Systematic
review of hyperbaric oxygen in the management of 
chronic wounds. Br J Surg. 2005 Jan;92(1):24-32

…pooled analyses of predetermined clinical
outcomes of randomized controlled trials involving
the use of HBOT for chronic wounds were
performed. 

…five trials on diabetic ulcers (118 patients) 
suggested a significant reduction in the risk of 
major amputation with HBOT (RR: 0.31; CI 0.13 to 
0.71) with a NNT of 4 (CI 3 to 11). 



More More pharmacopharmaco--economicseconomics

Guo S, Counte MA, et al. : Cost-effectiveness of 
adjunctive hyperbaric oxygen in the treatment of 
diabetic ulcers. Int J Technol Assess Health Care 
2003;19(4):731-7.

…that the incremental cost per additional quality-
adjusted life year (QALY) gained at years 1, 5, and 
12, was USD 27.310, USD 5.166, and USD 2.255, 
respectively.

…that HBO2 therapy in the treatment of diabetic
ulcers is cost-effective, particularly based on a 
long-term perspective. 



More More pharmacopharmaco--economicseconomics ??
Health Health TechnologyTechnology Report 2007 Report 2007 -- Adjunctive Hyperbaric Oxygen Adjunctive Hyperbaric Oxygen 
Therapy for Diabetic Foot Ulcer: An Economic Analysis Therapy for Diabetic Foot Ulcer: An Economic Analysis 
((Canadian Canadian AgencyAgency forfor Drugs and Drugs and TechnologyTechnology in Healthcare in Healthcare 
(CADTH (CADTH –– www.cadth.cawww.cadth.ca))

……lower proportion of major lower proportion of major LEAsLEAs reported in patients who reported in patients who 
received adjunctive HBOT (11% versus 32%). received adjunctive HBOT (11% versus 32%). 
Wound healing occurred in 83% patients who had HBOT, Wound healing occurred in 83% patients who had HBOT, 
compared with 43% of the controls. compared with 43% of the controls. 
The proportion of patients with wounds remaining unhealed, but The proportion of patients with wounds remaining unhealed, but 
who did not require amputation was 6% (HBOT) and 24% who did not require amputation was 6% (HBOT) and 24% 
(controls).(controls).

……adjunctive HBOT for DFU is more effective than standard care adjunctive HBOT for DFU is more effective than standard care 
alone. Based on available data, adjunctive HBOT for DFU alone. Based on available data, adjunctive HBOT for DFU 
is cost effective compared with standard care.is cost effective compared with standard care.



Final Final PharmacoPharmaco--economicseconomics

RychlikRychlik R R -- Inst. of Empirical Health Economics (GE)Inst. of Empirical Health Economics (GE)

Basis Faglia et al. 1996 : 68 patients  
(35 HBO, 33 ctl) 

Effectiveness 
(avoiding major amputations) 

HBO  0.91       
Ctl   0.66 

Cost (endpoint = 
"retirement") 

HBO  22500 EUR/ success 
Ctl  26000 EUR/success 

Reverse calculation HBO cost-efficient > 0.82 
 
Importance of patient selection !!Importance of patient selection !!
Rychlik R. : HBO Therapie - Kosten/Effektivitäts Analyse. Expertenforum: HBO im Gesundheitsweisen. 
Germany 14 May 1997: 37-41 



SuddenSudden deafnessdeafness

2020--30/100.000 cases/30/100.000 cases/yrsyrs
RapidRapid (3 (3 daysdays) > ) > unilateralunilateral hearing losshearing loss
ViralViral Upper Upper RespiratoryRespiratory TractTract infectioninfection
Vertigo, nauseaVertigo, nausea
TinnitusTinnitus



SuddenSudden deafnessdeafness

VascularVascular ? ? thrombosisthrombosis, , emboliemboli, , bleedingbleeding, , vasospasmvasospasm, , rheologicalrheological

ViralViral infectioninfection ? ? echovirus, echovirus, adenovirusadenovirus, , mumpsmumps, , coxsackiecoxsackie virusvirus

((BaroBaro)Trauma ?)Trauma ?
AutoAuto--immune immune diseasedisease ??
RetrocochlearRetrocochlear tumor ?tumor ?



SuddenSudden deafnessdeafness

SpontaneousSpontaneous recoveryrecovery : up to 65%    : up to 65%    
WeinaugWeinaug, 1984, 1984

CorticosteroidsCorticosteroids : up to 78% : up to 78% recoveryrecovery
Wilson et al., 1980Wilson et al., 1980

HaemodilutionHaemodilution ifif HbHb>14g/dl >14g/dl oror HctHct>44%>44%
DesloovereDesloovere, 1988, 1988

AntiviralAntiviral medicationmedication, magnesium, , magnesium, GingkoGingko
BilobaBiloba, , intratympanicintratympanic corticosteroidscorticosteroids, , 
GglGgl StellatumStellatum BlockBlock…… nsns



SuddenSudden DeafnessDeafness

LevelLevel of Evidence Cof Evidence C
–– RetrospectiveRetrospective studiesstudies
–– Comparative Comparative studiesstudies

SpontaneousSpontaneous recoveryrecovery rate = rate = highhigh
Prospective Prospective randomisedrandomised trial trial ongoingongoing
(COST B14)(COST B14) www.oxynet.orgwww.oxynet.org



SuddenSudden deafnessdeafness

TreatmentTreatment as as soonsoon as possibleas possible
–– IntuitivelyIntuitively betterbetter
–– «« shotgunshotgun therapytherapy »»
–– Impossible to Impossible to «« proveprove »» in EBMin EBM
TreatmentTreatment afterafter failurefailure of of medicalmedical
therapytherapy
–– SpontaneousSpontaneous recoveryrecovery afterafter 10 10 daysdays of of 

corticosteroidscorticosteroids = (quasi) nihil= (quasi) nihil
–– LossLoss of viable of viable cellscells due to due to 

excessive excessive delaydelay ??



SuddenSudden deafnessdeafness

Patient Patient selectionselection
–– maximum maximum delaydelay beforebefore

HBO : HBO : 
14 14 daysdays ??
4 4 weeksweeks ??

–– Trial of Trial of «« lessless invasive invasive therapytherapy »»
warrantedwarranted

HBO: 10 sessions (10 HBO: 10 sessions (10 daysdays ?) ?) 



AnalysisAnalysis 20102010

Delay to HBO as prognostic factor:
Percent of group improving 
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ClinicalClinical improvementimprovement
Severity of hearing loss of improving ears before and at end HBO  (n=103) 
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