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Abstract  

Cancer treatment has improved significantly over the past decade and there is an ongoing 

focus on not only finding more and better ways to treat cancers but also to improve quality 

of life of the cancer survivor. One-half of the estimated 1.2 million new cases of invasive 

cancer will receive radiation therapy as a part of their cancer treatment and despite best 

efforts 5% of patients will develop severe reactions to radiation therapy.  

 

The goal of radiation therapy is to eradicate tumors with minimal, if any, adverse effects. 

However despite these preventive measures permanent damage may occur. This leads, too 

often, to painful and disabling conditions. Conventional treatment of these lesions often 

has frustrating results. 

 

Hyperbaric Oxygenation (HBO) has been proposed as a part of the overall treatment since 

the mid 1960s and several studies have reported beneficial effects. Hyperbaric Oxygen 

helps reduce morbidity, disfiguring sequelae and further need for corrective surgery. It is 

also being evaluated for its role in enhancing radiosenstivity in selected head and neck 

tumors. 

 

This article reviews the role of Hyperbaric oxygen in the management of cancers and the 

sequalae of side effects due to radiation.  
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Introduction 

 

Surgery, radiation therapy and cytotoxic chemotherapy are the principal methods 

employed in the treatment of cancer. Radiation therapy differs from the other two modes 

of treatment in that its most serious associated morbidity tends to occur months or years 

after treatment when management is often difficult and unsatisfactory.  

Because a dominant feature of post-radiation change is the obliteration of small blood 

vessels leading to hypoxia, hyperbaric oxygen has been employed in the care of these 

patients. In the past forty years there have been many publications reporting benefit in 

studies, which have included some thousands of patients.  

 

Incidence of the radio-induced lesions in normal tissues 

A large number of cancer patients receive radiation as part of their treatment. The 

incidence figures of radio-induced chronic lesions vary widely according to definition 

and site. Despite best efforts, 5% of patients develop severe reactions to radiation 

therapy often leading to painful and disabling conditions. Of these, about 1% may 

have serious problems, requiring major surgery and prolonged hospital care. Personal 

and social problems may be very distressing and commonly those affected are unable 

to pursue gainful employment.  

 

The risk factors for development of late radiation morbidity are similar over all 

sites and include the total radiation dose, the overall time, the biological effective dose 

which takes into account fraction size and the overall time, the volume irradiated, the 

use of a combination of external beam with an implantation or intracavitary procedure, 

a high dose rate with brachytherapy, tumours adjacent to or involving bone, the 



presence of infection, the use of surgery and the occurrence of trauma. Patients, who 

have received 2,000 to 5,000 rads or more, may have difficulties with any subsequent 

surgical healing. 

 

"Conformal" radiotherapy has encouraged the attainment of higher tumour doses 

and inevitably some normal tissues will be included. The concomitant administration 

of cytotoxics where an adjuvant effect is likely to increase the incidence of late 

damage and the quantitative importance of these drug radiation interactions are 

difficult to predict. An increasing use of major surgery for restoration of function or 

for salvage of advanced recurrent disease is also associated with a high risk of 

morbidity when a heavily irradiated area is operated upon. 

 

Tissue changes induced by radiotherapy  

The main underlying mechanism of radio-induced chronic lesions is endarteritis - 

a progressive loss of the microvasculature resulting in tissue hypoxia, death and 

necrosis. When heavily irradiated tissues are examined at an interval of months or 

years after treatment the characteristic findings are a cellular depletion, fibrosis and a 

reduction in vascular density with marked narrowing of the small blood vessels. 

Molecular biology has shown that hypoxia could trigger altered gene expression 

leading to a whole range of effects. Severe cases usually require surgical removal of 

the necrosed tissue.  

 

Conventional treatment of these lesions often has frustrating results. Hyperbaric 

Oxygen is the only treatment available for these conditions and helps reduce 

morbidity, disfiguring sequelae and further need for corrective surgery. Hyperbaric 



Oxygen is also being evaluated for its role in enhancing radiosenstivity in selected 

head and neck tumors.  

 

Hyperbaric Oxygen Therapy 

Hyperbaric oxygen therapy (HBO) is a form of treatment in which a patient breathes 

100% oxygen while inside a special treatment chamber. The pressure in this treatment 

chamber is increased to higher than normal atmospheric pressure and the patient then 

breathes oxygen at this higher pressure. Most treatment is carried out at twice the 

atmospheric pressure and no significant side effects are documented. With continuing 

growth all over the world Hyperbaric Medicine has found a distinct role in the modern era 

of evidence-based medicine. 

 

Physiological basis of HBO therapy: 

When we normally breathe air (with 21% 

O2) at sea level pressure, most tissue needs of 

Oxygen are met from the Oxygen combined to 

Hb, which is 95 % saturated. 100 ml blood 

carries 19 ml O2 combined with Hb and 0.32 ml 

dissolved in plasma. At this same pressure if 100% O2 is inspired, O2 combined with 

Hb increases to a maximum of 20 ml and that dissolved in plasma to 2.09 ml.  

Table1 
Effect of Pressure on Arterial O2

Total Pressure Content of Oxygen  
Dissolved in plasma (vol %) 

 
ATA 

 
MmHg 

Breathing 
Air 

100%  
Oxygen 

1 760 0.32 2.09 
1.5 1140 0.61 3.26 

2 1520 0.81 4.44 
2.5 1900 1.06 5.62 

3 2280 1.31 6.80 
All values assume arterial pO2 = alveolar O2 
and that Hb O2 capacity of blood is 20 vol % 

The higher pressure during hyperbaric Oxygen treatment pushes more Oxygen into 

solution. The amount of O2 dissolved in plasma increases to 4.4 ml/dl at a pressure of 

2 ATA and to 6.8 ml/dl at 3 ATA. This additional O2 in solution is almost sufficient to 

meet tissue needs without contribution from O2 bound to hemoglobin and is 

responsible for most of the beneficial effects of this therapy.  (1,5).  



Therapeutic effects of HBO2 therapy: 

� Hyperoxygenation causes (i) Immune stimulation by restoring WBC 

function and enhance their phagocytic capabilities and (ii) Neo-vascularization in 

hypoxic areas by augmenting fibroblastic activity and capillary growth. This is 

useful in radiation tissue damage and other problem wounds. 

� Vasoconstriction reduces edema and tissue swelling while ensuring 

adequate Oxygen delivery and is thus useful in acute trauma wounds and burns. 

� Bactericidal for anaerobic organisms & inhibits growth of aerobic bacteria 

at pressures > 1.3 ATA. It Inhibits production of alpha-toxin by C Welchii and is 

synergistic with Aminoglycosides and Quinolones. Thus it is life saving in gas 

gangrene and severe necrotising infections. 

� Reduces half-life of Carboxyhaemoglobin from 4 to 5 hours to 20 

minutes or less and is the treatment of choice for Carbon Monoxide poisoning in 

fire victims.  

� Mechanical effects: Direct benefit of Increased pressure helps reduces 

bubble size in Air Embolism and Decompression Illnesses 

� Reactivates “ sleeping cells ” in the penumbra region around central 

dead neuronal tissue and is the basis of use in neurological conditions. It also 

reduces adherence of WBCs to capillary walls and maybe useful in acute brain and 

spinal cord injury. 

 

Indications for Hyperbaric Oxygen In Oncology 

 

1. HBO in the management of radionecrosis (radiation induced chronic lesions) 

Physiological Basis: 



HBO raises the tissue pO2 to within the normal range initiating cellular and vascular repair 

mechanisms. It stimulates angiogenesis, increases neovascularization, fibroblast and 

osteoblast proliferation and collagen formation in hypovascular, irradiated tissues - skin, 

mucosa and bone. It stimulates collagen formation at wound edges and thus helps in re-

epithelialization of ulcers and provides a better nutritive bed to support grafts and pedicle 

flaps. HBO is also bactericidal for certain anaerobes, bacteriostatic for certain species of 

escherichia and increases the rate of killing of bacteria by phagocytes thus helping 

immune suppressed patients. 

Indications  

• Osteoradionecrosis: most commonly mandibular necrosis  

• Soft tissue Necrosis: Laryngeal, head and neck, chest wall necrosis, extremeties 

• Radiation Cystitis, Radiation Proctitis and Enteritis 

• Other abdominal and pelvic Injuries (vagina, pelvic bone, groin) 

• Radiation induced optic neuropathy 

• Radiation induced retinopathy 

• Vesicocutaneous fistula 

• Central nervous system 

 

2. HBO as an adjunctive therapy to therapeutic radiation 

Physiological Basis: 

In a previously irradiated field, endarteritis, tissue hypoxia and tissue fibrosis may occur 

leading to increased post operative complications like wound infections, dehiscence and 

delayed wound healing. Also, Implantation of metal prostheses into heavily irradiated tissue as 

restorative surgery in patients who have extensive resections give higher failure rate. 

Preoperative HBO enhances the quality of tissues to allow them to better withstand the surgical 



insults. HBO in experimental studies has been shown to stimulate bone formation, increase 

bone turnover and especially bone maturation. It significantly reduces the risk of osteo-

radionecrosis and implant failure 

Indications  

• Reduction of risk of radionecrosis in tooth extraction or surgery in previously 

irradiated tissue 

• Prevention of surgical complications in reconstructive surgery 

• Prevention of osseointegrated implant failures 

 

3. HBO as a radiosensitizer 

Physiological Basis: 

The oxygen tension inside a tumor can be as low as 8 mmHg. It drops lower as the tumor 

enlarges and may drop to zero in the necrotic center of the tumor. Hypoxia increases the 

resistance of cancer to radiotherapy. With oxygen tension at zero, the amount of radiation 

required to be effective is three times that required with normal oxygen tension. When 

irradiation is done immediately after HBO therapy, the well- oxygenated cells will be 

damaged lethally. The effect of HBO in enhancing radiosensitivity is most pronounced in 

head and neck tumors. HBO can be combined with other radiosensitivity enhancers too. 

Indications  

� Neuroblastomas :  • Glioblastoma Multiforme  • Astrocytoma 

� Re-irradiation of squamous cell carcinoma head and neck 

 

HBO and Carcinogenesis 

There is some concern that that tumor angiogenesis is likely to be promoted by hyperbaric 

oxygen in the same fashion that angiogenesis is promoted in non-healing hypoxic wounds. 



However these are very different physiologic and pathophysiologic systems. The available 

published evidence strongly suggests that intermittent hyperbaric oxygen has no 

enhancing effect on cancer primary or metastatic growth. The possibility that significant 

immune suppression, free radical induced damage or mutations leading to carcinogenesis 

is likely to enhance malignant growth in hyperbaric patients is also not well supported by 

literature. Large numbers of mostly controlled studies including over 3,000 patients 

demonstrate either a neutral or cancer inhibitory effect. 

 

Cost effectiveness 0f hyperbaric oxygen therapy  

Serious late radiation complications frequently require surgery within the irradiated field 

where the likelihood of postoperative complications is about 50%. By either avoiding 

surgery or supporting surgical healing, HBO therapy can significantly reduce the financial 

and human costs of radiation complications.  

 

Conclusion 

HBOT is a safe therapy with very few and minor side effects. The successful use of HBOT 

in the treatment of radio-induced tissue lesions will reduce morbidity, disabling or 

disfiguring sequelae and further need for corrective or demolitive surgery. Addition of 

HBO obviates the need for frequent surgical procedures, promotes healing and early 

mobilization of the patient. It reduces length of hospitalization and thereby overall 

treatment and rehabilitation costs. In some specific malignant cancers the addition of 

Hyperbaric Oxygen as an adjunct to Radiotherapy may lead to significantly higher cure 

rates. 

 



References 

1. Leach R M, Rees PJ, Wilmshurst P.  Hyperbaric oxygen therapy Clinical review 

BMJ 24 October 1998;317:1140-1143 

2. Tibbles PM, Edelsberg J S.  Hyperbaric Oxygen Therapy Review article NEJM 

June 20 1996:1642-1648 

3. Hyperbaric Oxygen Therapy:  A Committee report. Undersea and Hyperbaric 

Medical Society Revised 1998 

4. Gabb G, Robin ED.  Hyperbaric oxygen: a therapy in search of disease; CHEST 

1987,92: 1074 -82 

5. Grim PS, Gottlieb LJ, et al.  Hyperbaric oxygen therapy (review); JAMA  Apr 25 

1990; 263 (16) :216-20 

6. David LA, Sàndor GKB, Evans AW, Brown DH. Hyperbaric Oxygen Therapy and 

Mandibular Osteoradionecrosis: A Retrospective Study and Analysis of Treatment 

Outcomes. J Can Dent Assoc 2001; 67:384 

7. Barker BF, Barker GJ. Oral Management of the Patient With Cancer in the Head 

and Neck Region. J Cal Dent Assoc 2001 (MEDLINE) 

8. Vudiniabola S, Pirone C, Williamson J. Hyperbaric Oxygen in the prevention of 

osteoradionecrosis of the jaw. Australian Dental J 1999;44:(4):243-247 

9. Marx RE, et al. Radiation injury to tissue. In: E. P. Kindwall. Ed., Hyperbaric 

Medicine Practice. FlagStaff AZ: Best Publishing Co. 1994; 447-504  

10. Dempsey J, et al. Cost effectiveness analysis of hyperbaric therapy in 

osteoradionecrosis. Can J Plast Surg 1997; 5(4): 221-229 

11. Feldmeirer JJ, Heimbach RD, Davolt DA et al. Hyperbaric Oxygen and the cancer 

patient, a survey of practice patterns. Undersea and Hyperbaric Medicine1993; 20 

(4): 337-345. 



12. Feldmeier JJ, Newman R, Davolt DA, Heimbach RD, Newman NK, Hernandez 

LC. Prophylactic hyperbaric oxygen for patients undergoing salvage for recurrent 

head and neck cancers following full course irradiation. Undersea Hyper Med 

1998; 25(Suppl):10. 

13. Koshi K, Kinoshita Y, Imada H et al. Effects of radiotherapy after hyperbaric 

oxygenation on malignant gliomas. Br J Ca 1999; 80:236-241. 

14. Sahni T, Singh P, John MJ.Hyperbaric Oxygen Therapy - A modern therapeutic 

tool in quality patient care : Review Article : Journal Of Association of  

Physicians of India 2003:51:280-284  

15. Fifth european consensus conference on hyperbaric medicine ;Recommendations 

of the jury :Hyperbaric oxygen in the treatment of radio-induced lesions in normal 

tissues :Lisbon , 19-20 october 2001 

16. Harrison LB, Chadha M, Hill RJ, Hu K, Shasha D. Impact of tumor hypoxia and 

anemia on Radiation therapy outcomes. The Oncologist 2002;7:492-508 



Authors 

1. Dr Tarun Sahni MD, DMM, CDM(UK) 

Sr Consultant, Internal & Hyperbaric Medicine 

Indraprastha Apollo Hospital, Sarita Vihar, New Delhi 

 

2. Dr Madhur Jain MBBS, DPPHC 

Research Fellow, Hyperbaric Medicine 

Indraprastha Apollo Hospital, Sarita Vihar, New Delhi 

 

3. Dr S Hukku MD 

Coordinator, Apollo Cancer Institute 

Indraprastha Apollo Hospital, Sarita Vihar, New Delhi 

 

4. Dr G K Jadhav  EMRT, MD, DNB, MNAMS 

Sr Consultant, Radiation Oncology 

Indraprastha Apollo Hospital, Sarita Vihar, New Delhi 

 

 

Author for correspondence 

Dr Tarun Sahni MD, DMM, CDM(UK) 

Sr Consultant, Internal & Hyperbaric Medicine 

Indraprastha Apollo Hospital, Sarita Vihar, New Delhi 

Phone: 26925858/ 26925801 Extn. 1032/ 2028 /2029 

Fax: 91-11-26823629 

 


	Role of Hyperbaric Oxygen Therapy in Oncology and Radiation 
	Tarun Sahni*, Madhur Jain*, S Hukku#, GK Jadhav#
	* Department of Hyperbaric Medicine
	# Apollo Cancer Institute
	Indraprastha Apollo Hospital
	Sarita Vihar
	New Delhi – 110044
	Author for correspondence
	Dr Tarun Sahni
	Sr Consultant Internal & Hyperbaric Medicine
	Indraprastha Apollo Hospital
	Sarita Vihar, New Delhi – 110044
	This article reviews the role of Hyperbaric oxygen in the ma
	Key Words: Hyperbaric Oxygen, oncology,  Radiation complicat
	Hyperbaric Oxygen Therapy
	HBO in the management of radionecrosis (radiation induced ch
	HBO as an adjunctive therapy to therapeutic radiation

	3. HBO as a radiosensitizer
	HBO and Carcinogenesis
	Cost effectiveness 0f hyperbaric oxygen therapy
	References


