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WhatWhat is HBO is HBO therapytherapy ??

““BreathingBreathing oxygenoxygen underunder pressurepressure forfor
therapeuticaltherapeutical purposespurposes””

IncreaseIncrease of of oxygenoxygen transporttransport
IncreaseIncrease of of oxygenoxygen deliverydelivery

OxygenOxygen ““as a drugas a drug””
–– IndicationsIndications, , dosedose, , sideside effectseffects



HowHow to to administeradminister HBO ?HBO ?

““MonoplaceMonoplace”” hyperbarichyperbaric chamberschambers
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HowHow to to administeradminister HBO ?HBO ?

PressurePressure of at of at leastleast 2 ATA2 ATA
DurationDuration of at of at leastleast 60 60 minutesminutes of O2of O2
““TopicalTopical”” applicationapplication of of oxygenoxygen is is 
NOT HBO NOT HBO TherapyTherapy !!



EffectsEffects of of breathingbreathing oxygenoxygen
at at pressurepressure

IncreaseIncrease of P (of P (alvalv) O) O22

IncreaseIncrease of P (art) Oof P (art) O22

IncreaseIncrease of P (ven) Oof P (ven) O22

HemoglobinHemoglobin saturationsaturation in in 
venousvenous bloodblood = 100%= 100%



OxygenOxygen transport in transport in bloodblood

Ca(OCa(O22) = () = (HbHb x SaOx SaO22 x 1.34) + (PaOx 1.34) + (PaO22 x 0.003)x 0.003)



OxygenOxygen transport in transport in bloodblood

Ca(OCa(O22) = () = (HbHb x SaOx SaO22 x 1.34) + (PaOx 1.34) + (PaO22 x 0.003)x 0.003)

Hb dissociation curve (Barcroft)



OxygenOxygen transport in transport in bloodblood

PhysiologicalPhysiological OO22 consumptionconsumption



““Life without Life without bloodblood”” ??

Boerema 1959



Life without Life without bloodblood !!



HyperbaricHyperbaric OxygenOxygen TherapyTherapy



EffectsEffects of of hyperbarichyperbaric
hyperoxiahyperoxia

IncreasedIncreased OO22 transport in transport in bloodblood
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IncreasedIncreased OO22 transport in transport in bloodblood
PressurePressure effect (effect (BoyleBoyle--MariotteMariotte’’ss lawlaw))
DiffusionDiffusion distancedistance of of oxygenoxygen increasesincreases

pO2 (cap) 300mmHg

Krogh’s Capillary Model
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EffectsEffects of of hyperbarichyperbaric OO22

IncreasedIncreased OO22 transport in transport in bloodblood
PressurePressure effect (effect (BoyleBoyle--MariotteMariotte’’ss lawlaw))
DiffusionDiffusion distancedistance of of oxygenoxygen increasesincreases
AntiAnti--infectiousinfectious defensedefense mechanismsmechanisms
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EffectsEffects of of hyperbarichyperbaric OO22



EffectsEffects of of hyperbarichyperbaric OO22
Infection rate in 153 operative surgical patients at high Infection rate in 153 operative surgical patients at high 
risk for infection risk for infection -- correlation with SC pO2 (FiO2 = 0.5)correlation with SC pO2 (FiO2 = 0.5)

Johnson et al. Ann Johnson et al. Ann SurgSurg 19911991

Greif R et al.   NEJM 20;342(3):161-7 2000 
Supplemental perioperative oxygen to reduce the 
incidence of surgical-wound infection.

Roseau E Presse Med 29(12):656 2000  Peritoneal 
infections: preventive effect of perioperative
supplemental oxygen administration

Hopf HW et al Arch Surg 132(9):997-1004 1997 Wound 
tissue oxygen tension predicts the risk of wound infection 
in surgical patients
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EffectsEffects of of hyperbarichyperbaric OO22

IncreasedIncreased OO22 transport in transport in bloodblood
PressurePressure effect (effect (BoyleBoyle--MariotteMariotte’’ss lawlaw))
DiffusionDiffusion distancedistance of of oxygenoxygen increasesincreases
AntiAnti--infectiousinfectious defensedefense mechanismsmechanisms
–– Direct (Direct (anaerobicanaerobic bacteriabacteria
–– Indirect (white Indirect (white bloodblood cellcell functionfunction, ATB), ATB)

StimulationStimulation of of granulationgranulation tissuetissue



““OxygenOxygen as a drugas a drug”” ::
IndicationsIndications

AnyAny diseasedisease wherewhere oxygenoxygen
((maybemaybe) ) playsplays a a rolerole ??
AnyAny diseasedisease wherewhere nono otherother
goodgood treatmenttreatment is is availableavailable ??

““A A therapytherapy in search of in search of diseasesdiseases””
((ChestChest, 1987), 1987)



EvidenceEvidence BasedBased MedicineMedicine

Level I Level I evidenceevidence
–– Multiple Multiple RCTsRCTs of of goodgood qualityquality: : 

prospectiveprospective, placebo , placebo controlledcontrolled
Level II Level II –– III III –– IV IV evidenceevidence
–– SmallSmall RCTsRCTs without placebowithout placebo
–– RetrospectiveRetrospective studies studies withwith patientspatients as as 

theirtheir ownown historicalhistorical controlscontrols
–– RetrospectiveRetrospective studies, studies, uncontrolleduncontrolled
–– Case seriesCase series
–– AnimalAnimal studiesstudies



HBO HBO TherapyTherapy IndicationIndication

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 ??



1.1. Air Air oror Gas Gas EmbolismEmbolism
2.2. Carbon Monoxide Carbon Monoxide PoisoningPoisoning (incl. CO (incl. CO PoisoningPoisoning

ComplicatedComplicated byby Cyanide Cyanide PoisoningPoisoning))
3.3. ClostridialClostridial MyositisMyositis and and MyonecrosisMyonecrosis

(Gas (Gas GangreneGangrene))
4.4. CrushCrush InjuryInjury, , CompartmentCompartment SyndromeSyndrome and and 

otherother Acute Traumatic Acute Traumatic IschemiasIschemias
5.5. DecompressionDecompression SicknessSickness
6.6. ArterialArterial InsufficienciesInsufficiencies (Central (Central RetinalRetinal ArteryArtery OcclusionOcclusion,   ,   

EnhancementEnhancement of of HealingHealing In In SelectedSelected ProblemProblem WoundsWounds))
7.7. SevereSevere AnemiaAnemia
8.8. IntracranialIntracranial AbscessAbscess
9.9. NecrotizingNecrotizing Soft Tissue Soft Tissue InfectionsInfections
10.10. OsteomyelitisOsteomyelitis ((RefractoryRefractory))
11.11. DelayedDelayed RadiationRadiation InjuryInjury (Soft Tissue and (Soft Tissue and BonyBony NecrosisNecrosis))
12.12. CompromisedCompromised GraftsGrafts and and FlapsFlaps
13.13. Acute Acute ThermalThermal BurnBurn InjuryInjury

Undersea and Hyperbaric Medical Society, 2010



www.echm.org
www.achobel.be



““MilitaryMilitary”” indicationsindications

((RefRef RTGRTG--192 NATO 192 NATO WorkingWorking Group)Group)
DecompressionDecompression SicknessSickness
-- Air Air embolismembolism
CrushCrush injuryinjury
Carbon Monoxide Carbon Monoxide PoisoningPoisoning
AcousticAcoustic ((noisenoise) trauma) trauma
BurnsBurns
AnaerobicAnaerobic soft tissue soft tissue infectionsinfections



Air Air embolismembolism
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Air Air embolismembolism



Air Air embolismembolism



Air Air embolismembolism



CrushCrush injuryinjury



CO CO PoisoningPoisoning



AnaerobicAnaerobic infectionsinfections

AnimalAnimal studiesstudies
Amsterdam Amsterdam ExperienceExperience



BurnsBurns

3 3 DepthDepth degreesdegrees of of cutaneouscutaneous burnburn
IncreasingIncreasing burnburn depthdepth over 24 over 24 hourshours
Jackson concept of 3 zonesJackson concept of 3 zones
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ExperimentalExperimental evidenceevidence

AnimalAnimal litteraturelitterature ++++
1996 CHBO 1996 CHBO StudyStudy onon ratsrats
2000 CHBO 2000 CHBO StudyStudy 2 2 onon ratsrats



ExperimentalExperimental evidenceevidence



ExperimentalExperimental evidenceevidence



ExperimentalExperimental evidenceevidence

AnimalAnimal litteraturelitterature ++++
1996 1996 StudyStudy onon ratsrats
2000 2000 StudyStudy 2 2 onon ratsrats
WhyWhy notnot donedone ??
–– ClinicalClinical humanhuman RCTsRCTs lackinglacking
–– OptimalOptimal environment HBO environment HBO 

and ICU and ICU lackinglacking



AcousticAcoustic TraumaTrauma

Frequent, Frequent, bothboth in military and in military and 
in in civiliancivilian youthyouth
ImpulseImpulse noisenoise vsvs longerlonger exposureexposure
EmergencyEmergency treatmenttreatment withwith HBO & HBO & 
corticosteroidscorticosteroids = = promisingpromising
RCTsRCTs lackinglacking
–– ComparisonComparison to hearing to hearing beforebefore trauma ?trauma ?
–– EarlyEarly (>36hr) (>36hr) treatmenttreatment necessarynecessary



AcousticAcoustic TraumaTrauma

Lafere et al. Lafere et al. DHM 2010DHM 2010

68 Belgian
soldiers with
acute impulse 
noise (gunshot) 
acoustic trauma



AcousticAcoustic TraumaTrauma

Lafere et al. Lafere et al. DHM 2010DHM 2010



DangersDangers of HBO of HBO therapytherapy

TransportationTransportation
CompressionCompression
StayStay at at DepthDepth
DecompressionDecompression



DangersDangers of HBO of HBO therapytherapy

HaemodynamicallyHaemodynamically unstableunstable patientspatients
shouldshould notnot bebe movedmoved !!
Barotrauma of the Barotrauma of the earsears
–– CommonCommon (10(10--20%)20%)
–– PreventablePreventable
–– RarelyRarely seriousserious

Hyperoxic Hyperoxic seizuresseizures
–– SeldomSeldom (1 in 1500(1 in 1500--5000 5000 treatmentstreatments))
–– UnpredictableUnpredictable ((butbut...)...)
–– No No sequelaesequelae



DangersDangers of HBO of HBO therapytherapy

UncontrolledUncontrolled useuse
–– DiseasesDiseases withwith largelarge impact of impact of QoLQoL
–– For For whichwhich therethere is is nono curecure
–– For For whichwhich evaluationevaluation of of effectseffects is is 

mainlymainly subjectivesubjective
–– GivesGives HBO HBO ““a bad namea bad name””

ExamplesExamples......
–– Multiple Multiple SclerosisSclerosis
–– ChronicChronic FatigueFatigue
–– AutismAutism
–– CerebralCerebral PalsyPalsy

NeverNever saysay nevernever......ButBut: : proofproof must must bebe givengiven







And And eveneven……
Interest in HBOT Interest in HBOT byby the the equineequine
industryindustry is is duedue to to itsits ascribedascribed
beneficialbeneficial effectseffects onon the the healinghealing of of 
lowerlower limblimb woundswounds, , whichwhich remainremain a a 
major major healthhealth problemproblem to man and to man and 
horseshorses worldwideworldwide. . SlowSlow‐‐healinghealing
woundswounds oror thosethose thatthat failfail to to healheal cancan
resultresult in in prolongedprolonged hospitalisationhospitalisation, , 
numerousnumerous surgicalsurgical interventionsinterventions and and 
timetime‐‐consumingconsuming woundwound care. Slow care. Slow 
healinghealing is is particularlyparticularly inconvenientinconvenient
and and challengingchallenging forfor highhigh‐‐
performanceperformance humanhuman and and equineequine
athletesathletes..
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