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Definition 

Respiration of pure oxygen during a whole body 
exposure to ambient pressure exceeding the 

normal atmospheric pressure of 1 ata in a 
pressure vessel. 

 

Usually pressure between 2 and 3 ata is used. 

Oxygen application via mask, endotracheal tube,  

or head-tent 

Multi- , monoplace chamber 





Objectives 
 

 Mechanisms of HBO 

 Crush injuries 

 



Low tissue PO2 

 Crush injury 

 skeletal muscle-compartment syndrome 

  failing grafts and flaps.  

 

 

 

 



Acute Traumatic Peripheral 
Ischemia 

 vascular damage,  

 Edema  +  hypoxia  (compartment syndrome) 



Posttraumatic edema and low PO2 

 detrimental effects on wound-healing  

 WBC killing becomes compromised in the 
often heavily contaminated tissues 

 predisposition for infection  

 



Focus report – Treatment with Hyperbaric Oxygen 
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Indications under investigation 7.6 – 7.10

7.6  Severe Acute Ischemic Conditions

General 

Low tissue PO2 is a common clinical problem in surgical sites and wounds suffering from

severe acute ischemia (too little blood flow) such as crush injury, skeletal muscle-compart-

ment syndrome and failing grafts and flaps. Acute peripheral trauma leads to vascular damage,

edema, ischemia and hypoxia causing a gradient of tissue injury. High energy traffic accidents

with open tibial fractures and severe soft tissue injury of the lower leg “crush injury” are

especially difficult to treat. Vessel injury is important to repair because already after 2–4

hour’s warm ischemia the injury may be enlarged due to an inflammatory response often

called “ischemia-reperfusion (I-R) injury”. Posttraumatic edema with low oxygen tension

also has detrimental effects on wound-healing and infection control. As oxygen tension

falls, WBC killing becomes compromised in the often heavily contaminated tissues, which

predisposes for infection (Lindström et al 1998). Gustilo’s classification of open fractures

is often used to grade the severity of these fractures since it provides guide treatment options

and prognostic indications:

Compartment syndrome is another severe ischemic condition with obliterated circulation

and oxygenation when compartment pressures exceed the capillary perfusion pressures. 

A continuum of injury can occur even after fasciotomy. Skin grafts and reconstructive flaps

may also fail because of inadequate perfusion with hypoxia with risk of I–R injury. Oxid-

ative killing, can be profoundly impaired by poor blood perfusion and oxygenation.

HBO treatment 

Patients with acute severe ischemic conditions after trauma or surgery may benefit from

HBO based on sound pathophysiological rationale and theoretical and experimental evidence.

Gustilo’s classification of open fractures  Complication rate 

Type Mechanism Infection  Amputation 

I Small laceration <1cm 
 

minimal  

II Large laceration but minimal soft tissue damage  3%  

III Crush Injuries   

 A: Sufficient soft tissue to close wound  4%  

 B: Flaps or grafts required to cover bone  52% 16% 

 C: Major vessel injury 42% 42% 

 



Traumatic ischemia 

“Crush Injury” (Definition M. Strauss) 

 

1 Two or more tissues involved 

 (e.g. Muscle, bone, skin, connective, nerve) 

2 A gradient of tissue injury exists 

 irreversible damage - minimally traumatized 

3 Viability of tissue in question 

 Functional impairment to be expected. Therapy aimed 
at enhancing survival of the “gray-zone” 
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The Journal of 
Bone and Joint Surgery 

American Volume 

VOLUME 82-A, NO. 12 DECEMBER 2000 
 

Short-Term Wound Complications 

After Application of Flaps for Coverage of 

Traumatic Soft-Tissue Defects About the Tibia 

 
 ANDREW N. POLLAK, MELISSA L. MCCARTHY,  ANDREW 

R. BURGESS, AND THE LOWER EXTREMITY 

ASSESSMENT PROJECT (LEAP) STUDY GROUP 



LEAP – 24 months 

 Amputation 
group  

 Reamputaton – 
5,4% 

 Delayed healing– 
9,1% 

 osteomyelitis– 3,1% 

 Wound infection– 
15,4% 

 Limb salvage 
attempts group 

 Delayed amputation– 
3,9% 

 Non union – 10,9% 

 Delayed healing of the 
wound– 3,9% 

 osteomyelitis– 9,4% 

 Other infection– 13,9% 



LEAP 
Poor quality of life 

in both group 



Optimal trauma managemant 

 Reduced tissue loss 

 Reduced complications 
 Functional loss and scarring 

 Infection 

 Non union 

 Chronic pain 

 Trauma recovery enhancement 

 Reduced operations and length of stay 

 Lower costs 



 

Infection control & HBO 

 Hypoxia a major predisposing factor for 
infections: 

 Crush injuries  

 Diabetes 

 Smoking 

 
Oxygen inhibits anaerobes directly 
Hypoxic environment favours infection 
Restoration of normoxia provides prophylaxis and 
 normal response to infection 
Hyperoxia enhances PMN response 



Effects on Crush Injuries: 

 Hyperoxygenation  =>    

• Improvement of oxygen delivery and            
 preservation of tissue viability in ischemic and 
 hypoperfused areas 

• Prevention progressive ischaemia 

• Reduction of edema (vasocontriction, oxygen osmosis) 

• Anti-bacterial adjuvant therapy  

• Prevention of infection 

Hyperbaric Oxygen Mechanisms 



Clin Infect Dis. 1992;14:720-40  

Oxygen tensions and infections: modulation of microbial 

growth, activity of antimicrobial agents, and immunologic 

responses; a Review  

 Park MK, Myers RA, Marzella L  Department of Pathology, School of Medicine, University 

of Maryland, Baltimore 

 

Oxygen tensions play an important role in the outcome of infections 

 

1. Oxygen is cidal or static for microorganisms that lack 

defenses against oxidants 

2. Oxygen tensions also affect the activity of antimicrobial 

agents. In general, hyperoxia potentiates while anaerobiosis 

decreases the activity of many antimicrobial drugs 

3. Elevates oxygen tensions in infected tissues facilitate 

oxygen-dependent killing by leukocytes 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Park+MK"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Myers+RA"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Marzella+L"[Author]


J Anesth  (2001) 15:29-32 



 Arch Surg. 1997 Sep;132:991-6. 
  

Wound hypoxia and acidosis limit neutrophil bacterial killing 
mechanisms 
 
Allen DB, Maguire JJ, Mahdavian M, Wicke C, Marcocci L, Scheuenstuhl H, Chang M, Le AX, 
Hopf HW, Hunt TK. 
 
Department of Anesthesia, University of California, San Francisco, USA 

 

RESULTS: Neutrophil O2 consumption and O2 burst production 

were dependent on PO2 throughout the range tested.  

 

Half-maximal oxidant production at PO2  6 to 11 kPa  

Maximal oxidant production at PO2  > 40kPa 

 

CONCLUSIONS: Leukocyte bacterial killing capacity as 

measured by oxygen consumption and superoxide production 

are substantially impaired at the low oxygen tensions often 

found in wounds.  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Allen+DB"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Maguire+JJ"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Mahdavian+M"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Wicke+C"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Marcocci+L"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Scheuenstuhl+H"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Chang+M"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Le+AX"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Hopf+HW"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Hunt+TK"[Author]


 

HBO exposure increases both the 
respiratory burst and  
phagocytic capacity 

 



HBO and antibiotics 
 
 

synergy with: 
  

aminoglicosides 
vancomycin 
chinolons 



Antimicrobial Effects 
summary 

 Leucocyte bacterial killing capacity     

”oxidative burst” 

 Bacteriostatic effect 

 Clostridium Perfringens 

 Alphatoxin production 

HBO  
CRUSH Injuries 



After 2 days   
 

After 2 weeks 
After 7 days(14th HBO session) 





Murnau Trauma Centre 
 
 
Comlication Rates : 
       infections        amputations 
 
Injury Grade      IIIB       IIIC              IIIB      IIIC 
  

Gustilo            (37 pat.)      52%     42%             16%     42% 
 

Murnau  HBO  (88 pat.)     24%  40%          9%     31% 
 

lower extremities (38 pat.)         39%        53%                   17%        27% 
 

upper extremities            (50 pat.)                      9%        33%                    0%        33% 



100% O2 

2,5 ATA   -   90 min 

Hyperbaric chamber 

24h after injury 

 



• Efficacy of Hyperbaric Oxygen Therapy in the 
treatment of crush injuries of the limbs  

 

• - local progression 

• - infectious complications (local, septic) 

•  -number of amputations 

 

 

Chair of Emergency Medicine 
Wroclaw Medical University 

2004-2006 



Material 2004 - -2006 

 Gustilo 3B – 17 

 Gustilo 3C – 2 

 

 



Crush injuries 

 Time to HBO2: 

 

 1st day: 9 patients 

 

 >1 -7 days (3,9 days): 10 patients 



Infectious complications 

 Early  HBO2 

 0 

 Delayed HBO2 

 G IIIB  – MSSA 

 G IIIB – Pseudomonas 
aeruginosa 

 Compartment 
syndrome – MSSA 

 G IIIB  – E. coli 



 This study shows the effectiveness of HBO in 
improving wound healing; decrease number of 
wound infections, and reducing repetitive 
surgery in crush injuries of the limbs. HBO2 is a 
useful adjunct in the management of severe 
(grade III) crush injuries of the limbs.  



Crush injury  treatment 
protocol: 

 Shock management 
 

 Immediate and repeated surgical debridement and 
irrigation of the wound, fasciotomies, stabilization 
of bones,  vascular and nerval repair 

 Appropiate wound closure (bone coverage) 

 Antibiotic therapy 

 HBOT 
 Pain management 

 



HBO In TRAUMA 
 

• Designated Major Trauma Centre 

• Big, bed capable  Hyperbaric chamber 

• Close to ICU & Emergency departement 

 






