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Hyperbaric Oxygen and Radiotherapy 
Ramona Mayer1, Martin R. Hamilton-Farrell2, Adrian J. van der Kleij3, Jörg Schmutz4, Gösta Granström5, 
Zdzislaw Sicko6, Yehuda Melamed7, Ulrich M. Carl8, K. Axel Hartmann9, Erik C. Jansen10, Luciano Ditri11, 
Peter Sminia12, The European intergovernmental framework COST (European CO-operation in the 
field of Science and Technology research), COST B14 Working Group Oncology

Background: Hyperbaric oxygen (HBO) therapy is the inhalation of 100% oxygen at a pressure of at least 1.5 atmospheres abso-
lute (150 kPa). It uses oxygen as a drug by dissolving it in the plasma and delivering it to the tissues independent of hemoglobin. 
For a variety of organ systems, HBO is known to promote new vessel growth into areas with reduced oxygen tension due to poor 
vascularity, and therewith promotes wound healing and recovery of radiation-injured tissue. Furthermore, tumors may be sensi-
tized to irradiation by raising intratumoral oxygen tensions.
Methods: A network of hyperbaric facilities exists in Europe, and a number of clinical studies are ongoing. The intergovernmental 
framework COST B14 action “Hyperbaric Oxygen Therapy” started in 1999. The main goal of the Working Group Oncology is prepa-
ration and actual implementation of prospective study protocols in the field of HBO and radiation oncology in Europe.
Results: In this paper a short overview on HBO is given and the following randomized clinical studies are presented:
a)  reirradiation of recurrent squamous cell carcinoma of the head and neck after HBO sensitization;
b)  role of HBO in enhancing radiosensitivity on glioblastoma multiforme;
c)  osseointegration in irradiated patients; adjunctive HBO to prevent implant failures;
d)  the role of HBO in the treatment of late irradiation sequelae in the pelvic region.
The two radiosensitization protocols (a, b) allow a time interval between HBO and subsequent irradiation of 10–20 min.
Conclusion: Recruitment of centers and patients is being strongly encouraged, detailed information is given on www.oxynet.org.
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Hyperbare Oxygenation und Strahlentherapie 

Hintergrund: Unter „hyperbarer Sauerstofftherapie“, auch „hyperbare Oxygenation“ (HBO) genannt, versteht man die Atmung 
von 100% Sauerstoff bei einem Druck von mindestens 1,5 ATA (absolute Atmosphären; 150 kPa). Bei der HBO wird das Medika-
ment Sauerstoff durch erhöhten Umgebungsdruck physikalisch im Plasma gelöst und unabhängig vom Hämoglobin in das Gewebe 
transportiert. Die HBO unterstützt in schlecht durchbluteten bestrahlten Geweben mit verringerter Sauerstoffspannung die Gefäß-
neubildung und trägt zur Wundheilung und Erholung des bestrahlten Gewebes bei. Andererseits kann Sauerstoff unter hyperbaren 
Bedingungen – während oder kurz vor der Strahlentherapie verabreicht – durch Erhöhung der intratumoralen Sauerstoffspannung 
als Radiosensitizer eingesetzt werden.
Methodik: In Europa existiert ein Netzwerk von Druckkammern, an denen klinische Studien laufen. Im Jahr 1999 wurde das eu-
ropäische Projekt COST B14 „Hyperbare Sauerstofftherapie“ gestartet. Das Hauptziel der Arbeitsgruppe „Onkologie“ ist die Vorbe-
reitung und Implementierung klinischer Studienprotokolle, die sich mit dem Thema „HBO und Strahlentherapie“ beschäftigen. 
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Introduction
Hyperbaric Oxygen Therapy

Hyperbaric oxygen (HBO) therapy is the inhalation of 100% 
oxygen at elevated pressure > 1.5 atmospheres absolute (ATA; 
150 kPa), typically 2–3 ATA (200–300 kPa). The hyperbaric 
chamber is the medical tool that provides those conditions to 
apply very high doses of oxygen in amounts that cannot be 
reached by any other means.

During HBO, oxygen is dissolved physically in the blood 
plasma. At an ambient pressure of 2.8 ATA, the amount of 
plasma-dissolved oxygen is approximately 6 vol.%, equivalent 
to basic oxygen metabolic needs, and the paO2 in the arteries 
can reach 2,000 mmHg. With a normal lung function and tissue 
perfusion, a pO2 > 1,000 mmHg could be reached. The physio-
logical effects of HBO include short-term effects like vasocon-
striction and enhanced oxygen delivery, reduction of edema, 
and phagocytosis activation, and it has an anti-inflammatory 
effect [25, 71]. Long-term effects are neovascularization [53], 
osteoneogenesis as well as stimulation of collagen production 
by fibroblasts. The clinical results are, therefore, wound healing 
and recovery of radiation-injured tissue. Extensive evidence is 
available [16] now to preclude any tumor-enhancing effect of 
HBO. A different aspect is that tumors may be sensitized to ir-
radiation by raising intratumoral oxygen tensions. For irradia-
tion sensitization it is aimed for euoxic conditions, which may 
persist for some time after leaving the pressure chamber, even 
if the high level oxygenation has been exhaled.

HBO in radiation oncology was discussed at the ESTRO 
(European Society for Therapeutic Radiology and Oncology) 
– ECHM (European Committee for Hyperbaric Medicine) 
Consensus Meeting in Lisbon 2001 [46]. It was concluded that, 
according to evidence-based medicine criteria, the effect of 
HBO on neoangiogenesis and osteogenesis was graded level 
1. The aim of the present project is to obtain clinical data that 
meet this evidence.

The Hyperbaric Treatment
Each patient is examined by the hyperbaric physician regard-
ing their suitability for the treatment. Before HBO treatment 

patients may have spirometry and a chest X-ray, to exclude se-
vere lung disease, and an investigation by the ear-nose-throat 
(ENT) specialist confirming their ability to equalize pressures 
in the middle ear. Contraindications for HBO therapy are 
listed in Table 1. 

Apart from monoplace chambers (Figure 1) which are 
pressurized with 100% oxygen, multiplace chambers (Fig-
ure 2) are much more comfortable for patients. Today, HBO 
is frequently applied in multiplace chambers. Patients are 
pressurized in air while oxygen is administered through a 
personal breathing system which is sealed off from the air 
in the chamber. For safety reasons, it is advised to have a 
medical attendant inside the chamber. In all HBO facilities 
there is a control panel outside the chamber, operated by 

Ergebnisse: Die vorliegende Arbeit gibt einen kurzen Überblick über die Grundlagen und Wirkweise der HBO und stellt folgende 
zur Rekrutierung offenen randomisierten klinischen Studien vor:
a)  erneute Bestrahlung rezidivierter Plattenepithelkarzinome im Kopf-Hals-Bereich nach HBO-Sensibilisierung;
b)  HBO zur Erhöhung der Strahlensensibilität des Glioblastoma multiforme;
c)  Osseointegration nach Bestrahlung im Hopf-Hals-Bereich – adjuvante HBO zur Verhinderung der Implantatabstoßung;
d)  HBO bei radiogenen Spätfolgen im Beckenbereich.
Die zwei Protokolle zur Strahlensensibilisierung (a, b) erlauben einen Zeitabstand zwischen HBO und nachfolgender Bestrahlung 
von 10–20 min. 
Schlussfolgerung: Interessierte Zentren werden eingeladen, sich aktiv an den Studien zu beteiligen (Details s. www.oxynet.org).

Schlüsselwörter:  Hyperbare Sauerstofftherapie · Radiogene Spätfolgen · Strahlensensibilisierung · Strahlentherapie · 
Klinische Protokolle 

Table 1. Contraindications to hyperbaric oxygen therapy. 

Tabelle 1. Hyperbare Sauerstofftherapie – Kontraindikationen. 

Absolute contraindications
Untreated pneumothorax
Simultaneous administration of
• Doxorubicin
• Bleomycin
• Disulfiram
• Cisplatinum
• Mafenide acetate
Previous administration of bleomycin
Relative contraindications
Claustrophobia
Seizure disorders
Pyrexia (severe)
Upper respiratory tract infections
Chronic sinusitis
Chronic lung disease with CO2 retention
History of spontaneous pneumothorax
History of thoracic surgery
Asymptomatic pulmonary lesions on chest X-ray
History of surgery for otosclerosis
History of optic neuritis
Viral infections
Congenital spherocytosis
Pregnancy
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trained staff members, taking care that the chamber is pres-
surized or depressurized within the safety limits. A commu-
nication system allows contact with the patients inside the 
chamber. 

Hyperbaric Oxygen Therapy in Europe
In Europe, there are many hyperbaric facilities (c.f., www.
oxynet.org). They vary in capacity and in patient dependence, 
although some are able to treat critically ill patients requiring 

Figure 1. The monoplace HBO chamber. The atmosphere in the cham-
ber consists of 100% oxygen. 

Abbildung 1. Einpersonenkammer zur hyperbaren Sauerstofftherapie. 
Die Atmosphäre in der Kammer besteht aus 100% Sauerstoff. 

Figure 2. Oxygen-breathing patient in a multiplace HBO chamber. The 
atmosphere in the chamber consists of air. Oxygen is taken up through 
a breathing-mask system. 

Abbildung 2. Patient mit Sauerstoffmaske in einer begehbaren Mehr-
personenkammer. Die Atmosphäre in der Kammer besteht aus Luft. 
Sauerstoffaufnahme erfolgt über ein Maskensystem. 

Table 2. Clinical trials of radiotherapy and hyperbaric oxygen (HBO) in head and neck tumors. SCC: squamous cell carcinoma. 

Tabelle 2. Klinische Studien – Radiotherapie und hyperbarer Sauerstoff (HBO) bei Kopf-Hals-Tumoren. SCC: Plattenepithelkarzinom. 

 Patients   HBO sessions
Author (n) Tumor localization Radiotherapy ATA Number Results Follow-up 
       (months)

Henk   104 SCC head and neck a) 35 Gy/10 fx under HBO 4 10 a) 5-year survival 60%  not detailed
1986 [35]       (sign. better)
Prospective   b) 60 Gy/30 fx in air    5-year local control 63% 
controlled        (sign. better)
trial      b) 5-year survival 30% 
       5-year local control 30%  
Sealy et al.  130 SCC head and neck a) 36 Gy/6 fx + misonidazole 3 6 a) 1-year local control 43% not detailed
1986 [67]  (locally advanced)     under HBO   b) 1-year local control 28%
   b) 63 Gy/30 fx in air 
Haffty et al.   48 SCC of head and neck a) 23 Gy/2 fx  under HBO 4 2 a) 21 of 25 clinical response 20 years
1999 [30]  (locally advanced)     separated by 21 days         5-year local control 29%  (all pts. died)
Randomized    b) 25.3 Gy/2 fx in air        (sign. better)
trial       separated by 21 days   b) 13 of 25 clinical response
            5-year local control  16% (sign.)
      No difference in overall survival
      High late complication rate due to
      extreme form of hypofractionation
Haffty et al.    45 Advanced laryngeal  22 Gy/2 fx under HBO 4 2 Complete clinical response in 87% not detailed
1999 [31]  carcinoma without  separated by 21 days   10-year local control  for all patients 58%
Retrospective   prior surgery    10-year local control for responders 69%
trial       10-year voice preservation in responders 55%
      5-year actuarial complication rate 42%
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multisystem support, including artificial ventilation. Some 
are integral to a university institute, and some are located 
within public hospitals. It is estimated that about 500 patients 
a year are treated in European hyperbaric facilities for radi-
ation-induced injuries, the majority with disease in the head 
and neck. There is a limited number of HBO centers posi-
tioned in the proximity of radiation oncology departments. 
As a matter of course, studies on the use of HBO as radio-
sensitizer are restricted to those institutes.

All facilities are medically accompanied. The physi-
cian is responsible for the safety and appropriate treatment 
of patients, together with medical nursing and technical 
staff who are trained to a high standard. Each country has 
its own standards of care, including health and safety. Eu-
ropean normalization has been started and will be available 
in the coming year. Concerning the cost-benefit ratio in the 
treatment of normal tissue damage following radiation treat-
ment, different aspects should be considered. The costs of 
reduced quality of life are difficult to quantify. However, the 
health-economic costs resulting from frequent consultation 
of physicians as well as socioeconomic costs from disability 
or early retirement are slightly easier to estimate. Although 
HBO treatment is limited to dedicated centers, its use might 
contribute to cost reduction in the care of long-term survi-
vors of malignancy.

Hyperbaric Oxygen and Tumor Induction and Recurrence
Feldmeier et al. [16] reviewed preclinical and clinical data 
providing strong evidence that intermittent HBO has no 
enhancing effect on cancer growth (primary or metastatic). 
Also, there is no credible evidence that HBO is an initia-
tor or promoter of cancer de novo. Animal studies specifi-
cally designed to study the impact of HBO on malignant 
tumor growth and metastasis failed to demonstrate a tumor 
growth-enhancing effect. A large number of studies (mostly 
controlled) including > 3,000 patients enrolled in trials de-
signed to investigate HBO as a radiosensitizer demonstrated 
either a neutral or cancer-inhibitory effect.

Hyperbaric Oxygen and Radiotherapy
Regarding the combination of HBO and radiotherapy, we 
are faced with two applications in clinical practice: (1) HBO 
as radiosensitizer: hyperbaric oxygen is then applied simul-
taneously with or prior to irradiation with the aim of sen-
sitizing hypoxic tumor cells and thereby increasing tumor 
cure probability; (2) HBO as therapeutic agent: once late 
radiation-induced normal tissue side effects have become 
manifest, HBO is used to dissolve or reduce the severity of 
symptoms [1, 3, 4, 6, 8–12, 15, 17–24, 26–29, 33, 42, 46–49, 51, 
52, 54–59, 62–66, 72, 73, 75, 77–79, 82, 83].

Hyperbaric Oxygen as Radiosensitizer
Most tumors contain nutrient- and oxygen-deprived compart-
ments. Sterilization of hypoxic tumor cells requires a three Ta
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times higher radiation dose than for cells at normal oxygen 
tension (e.g., [61, 74]. HBO therapy is an effective approach to 
cope with the phenomenon of hypoxia by increasing the oxy-
gen load of the tumor [2, 5, 34, 41], and therewith to enhance 
the response to irradiation [7, 34, 60]. First clinical data were 
obtained by the British Medical Research Council (MRC). In 
a clinical trial with HBO and radiotherapy, a significant ad-
vantage in local tumor control and survival was reported for 
carcinoma of the cervix [76]. However, in a next randomized 
controlled trial with long follow-up, HBO therapy showed no 
therapeutic benefit, while morbidity was increased [14]. How-
ever, in the radiation and HBO treatment arm of the study, 
doses per fraction up to 7 Gy were used in pelvic irradiation 
whereas the control radiation treatment arm consisted of stan-
dard fractionation. Hence, the actual setup rather than HBO 
might have been responsible for the disappointing outcome. A 
second MRC trial of HBO and radiotherapy for bladder carci-
noma showed HBO not to be better than misonidazole addi-
tional to radiotherapy, while carbogen inhalation resulted in a 
significantly increased bladder tumor local control and overall 
survival [36]. A meta-analysis of randomized clinical trials of 
radiotherapy with any hypoxic cell modifier including HBO 
[61] demonstrated that, in particular in carcinoma of the head 
and neck, significant improvement of overall survival and local 
tumor control could be obtained. However, all early clinical tri-
als had practical difficulties, i.e., the simultaneous application 
of HBO and radiation [30, 31, 35, 67]. Besides the complicated 
technical aspects, an increase in normal tissue side effects was 
noticed with this approach (Table 2). The increase in tumor 
control was partly negated by an increase in normal tissue 
side effects [13]. With regard to brain tumor treatment, recent 
Japanese data showed the feasibility of a treatment setup with 
HBO applied prior to radiotherapy [4, 43, 60] (Table 3). With 
this strategy, tumor control and patients’ survival were signifi-
cantly improved, with no increase in normal tissue side effects. 
Due to postponed oxygen saturation and washout kinetics, tu-
mors remain well oxygenated for some time after leaving the 
chamber [41]. The two radiosensitization treatment protocols 
presented here allow a time interval between HBO and subse-
quent irradiation of 10–20 min.

Hyperbaric Oxygen as Therapeutic Modality for 
Radiation Sequelae

The goal of radiation treatment is to eradicate tumors with min-
imal, if any, adverse effects on normal tissue [69, 80]. Despite 
all efforts in preventative measures, radiation-induced lesions 
in normal tissue occur which may result in permanent injury. 
The turnover time of injured functional cells determines the 
appearance and time of the response. Different types of injury 
may develop sequentially in one organ, due to the depletion 
of the critical target cells. In a number of tissues, an early wave 
of damage (weeks or months after exposure) may be followed 
by a later wave of injury (months or years after exposure). 
Late effects are often considered irreversible and may lead to 

severe, even life-threatening, complications after therapeutic 
use of irradiation [39, 44, 70, 81]. HBO seems to be able to 
overcome progressive loss of the microvasculature resulting in 
chronic tissue hypoxia present in radiation-induced changes; 
repetitive HBO sessions gradually induce regrowth of con-
nective tissue, and thereby of capillaries and epithelium [37, 
38, 40]. The following organ-specific summary gives a short 
overview on experiences with HBO in the management of 
radiation-induced normal tissue side effects.

Radionecrosis of the mandible and improvement of os-
seointegration in previously irradiated tissues. HBO therapy 
for radiation-damaged tissues was introduced in 1973 by two 
principal studies [29, 49] and since then, numerous studies 
have attested to the value of HBO for the treatment of os-
teoradionecrosis of different bone tissues [26–29, 51]. Using a 
standardized protocol including surgery, antibiotics and HBO, 
Marx [50] showed the efficacy of HBO. After treatment, tis-
sues were permanently stabilized. A randomized, prospective 
clinical trial using HBO and penicillin in previously irradiated 
jaws demonstrated that HBO significantly reduced the devel-
opment of osteoradionecrosis after tooth removal [54]. The 
authors also discussed that HBO may prevent from develop-
ment of osteoradionecrosis by pressure from tissue-borne ap-
pliances, periodontal surgery, endodontic instrumentation, 
mucosal grafts, skin grafts and secondary excisional biopsies. 
The value of HBO has also been demonstrated in the man-
agement of radiation-induced injury of the nose, floor of the 
mouth and temporal bone [15, 45].

HBO therapy produces sufficient oxygen partial pressures 
in poorly perfused tissues to allow fibroblastic activity and col-
lagen production, creating a matrix for capillary budding and 
neovascularization. The daily elevation of oxygen tension in 
hypoxic bone and soft tissues results in the ingrowth of cap-
illaries [38], fibroblastic proliferation and collagen synthesis 
[37] and capillary angiogenesis [40]. HBO has been reported 
to improve reconstruction attempts in the maxillofacial area 
due to mentioned mechanisms [52]. To date, this is the only 
known technique that can be used to oppose the negative tis-
sue effects induced by radiotherapy.

In the study of Marx et al. [54] it was shown that HBO-in-
duced angiogenesis became measurable after eight HBO ses-
sions, rapidly progressed to a plateau at 80–85% of nonirradi-
ated tissue vascularity by 20 sessions and remained at that lev-
el without further improvement with additional HBO. With 
a follow-up of 3 years, HBO therapy patients had tissue pO2 
levels at or within 90% of their values recorded directly after 
treatment. Hence, HBO-induced angiogenesis is permanent.

Chondronecrosis of the larynx [18, 22, 33, 48]. This is a 
debilitating disease associated with respiratory obstruction, 
dysphagia, pain and, in severe cases, the patient may require 
tracheostomy or laryngectomy. In 1987, Ferguson et al. [21] 
reported, that signs and symptoms of radionecrosis were dra-
matically ameliorated in seven of eight patients, while one 
patient, despite subjective improvement, eventually required 
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Table 5. H
yperbaric oxygen (H

BO) for radiation-induced cystitis (single-case reports excluded). GU
: genitourinary; NA: not available. 

Tabelle 5. H
yperbarer Sauerstoff (H

BO) bei radiogener Zystitis (Fallberichte nicht berücksichtigt). GU
: urogenital; NA: nicht angegeben. 
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laryngectomy. Also, encouraging results were reported in 
2000 by Filntisis et al. [22] with 13 out of 18 patients having a 
major improvement after HBO. Five patients failed to have a 
good response, however; one of them presented with local re-
currence, three had significant concurrent medical problems, 
and one patient had received an insufficient number of HBO 
sessions.

Radiation-induced pelvic late effects and radiation-in-
duced proctitis [3, 9, 20, 24, 42, 56, 73, 75, 79, 82, 83]. Table 
4 displays an overview of published data on HBO treatment 
for late effects of pelvic irradiation treatment. Williams et al. 
[79] obtained healing of vaginal necrosis in 13 out of 14 pa-
tients as well as Feldmeier & Hampson [17], who reported 
encouraging results, particularly in patients who had received 
a sufficient number of HBO sessions. Radiation proctitis, 
mostly obtained following prostate cancer irradiation, is very 
disabling for the patients with symptoms like local pain, ur-
gency, rectal discharge or bleeding. Most patients of the re-
ported series had been unsuccessfully treated by one or more 
conventional treatment attempts or had required blood trans-
fusion to control rectal bleeding. With 40 HBO fractions the 
number of treatments seems to be higher than necessary in 
other indications. Patients should be informed that it might be 
possible that rectal bleeding increases during the first three to 
six sessions [56]. The reason might be the induction of neovas-
cularization prior to the formation of firm connective tissue 
and reepithelization.

Radiation-induced cystitis [6, 11, 12, 47, 55–57, 59, 62, 65, 
72, 77]. Details are given in Table 5. In 2003, Corman et al. 
reported a series of 62 patients which comprised the largest 
group of patients reported to date [11]. The authors observed 
a response rate of 81%, which is according to the response rate 
of 82% reported in the world literature. As observed, HBO 
should not be delayed too long, as in case of extensive bladder 
shrinkage significant improvement of symptoms seems hard 
to achieve [56].

Late radiation sequelae to the breast [8, 19, 23, 33, 64, 69]. 
Table 6 shows five papers dealing with late sequelae of breast 
cancer radiotherapy encompassing late effects like breast and 
arm lymphedema, brachial plexopathy as well as soft-tissue 
and bone necrosis of the chest wall. While results in cases with 
radiation-induced necrosis of the chest wall were encouraging, 
no improvement of brachial plexopathy could be observed. 
However, although not a defined endpoint of this randomized 
trial, a reduction of lymphedema was obtained. A statistically 
significant reduction of lymphedema was also reported by two 
other trials, one prospective observation and one retrospec-
tive analysis published recently [8, 23].

See Schmutz [66] and Feldmeier & Hampson [17] for a 
comprehensive review of the literature. 
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nology research]) B14 action “Hyperbaric Oxygen Therapy” 
started in 1999. The action is managed by appointed experts 
in HBO from a number of European institutes, who officially 
represent their country [32, 68]. After its first year of opera-
tion, different working groups were composed, each coordi-
nating a specific subject. The Working Group Oncology is 
concerned with the role of HBO in oncology, in particular the 
linkage with radiation oncology. The main goal of the work-
ing group is preparation as well as actual implementation and 
follow-up of European clinical randomized studies in the field 
of HBO and radiation oncology. The activities of the working 
group include: 
(1) elaboration, adoption and approval of protocols; 
(2) implementation and follow-up of protocols; 
(3) advisory board for studies on HBO in oncology; 
(4)  actively providing information on HBO to radiation on-

cologists; 
(5) bibliography. 

Clinical Protocols with Hyperbaric Oxygen 
as Radiosensitizer 
Reirradiation of Recurrent Squamous Cell Carcinoma of 
the Head and Neck after HBO Sensitization 

The objective of the study is to evaluate whether HBO en-
hances tumor radiosensitivity in patients with previously ir-
radiated histologically proven recurrent head and neck can-
cers, using a conventionally fractionated treatment schedule. 
All irradiation fractions should be preceded by HBO treat-
ment, 2.5 ATA (2.4–2.6) for 60 min. Each irradiation frac-
tion must be given within 10–20 min after HBO treatment. 
Endpoints of the study include: tumor recurrence rate and 
disease-free survival, overall survival, early and late normal 
tissue morbidity.

Role of HBO in Enhancing Radiosensitivity on 
Glioblastoma Multiforme: a Clinical Study 

The objective of the study is to evaluate the efficacy of HBO 
on median survival when applied in combination with conven-
tionally fractionated radiotherapy. Patients with pathologi-
cally verified glioblastoma multiforme are to be included in 
the study. Standardized HBO treatment are to be given prior 
to irradiation. This treatment setup is based on the Japanese 
studies listed in Table 3.

Clinical Protocols for Hyperbaric Oxygen Therapy 
of Radiation Sequelae

Two protocols, implemented and supported by the working 
group, are focused on the effectiveness of HBO as therapeutic 
modality in previously irradiated patients.

Osseointegration in Irradiated Patients – Adjunctive HBO 
to Prevent Implant Failures

This is a randomized, single-blinded study of patients in-
tended for rehabilitation with the osseointegration concept. 

According to the osseointegration principle, implants of ti-
tanium can be installed in the skeleton and used to anchor 
fixed dental bridges or prostheses intra- or extraorally. In 
former cancer patients, the technique can be used to cover 
craniofacial defects created by tumor surgery. However, 
higher implant failures have been reported if the patient has 
been irradiated prior to implant surgery. The survival of the 
implants is depending on several factors including type and 
design of the implant, the surgical technique, the host bone, 
pharmacological and physiological affects. Radiotherapy has 
been shown to be the single most aggravating factor for im-
plant failures. Despite basic and clinical research for many 
years, there is no general agreement that patients should be 
given presurgical HBO in conjunction with implant instal-
lation. The objectives of the study are to establish whether 
(1) osseointegrated implant failure rates are higher in previ-
ously irradiated tissues, and (2) HBO can be used to reduce 
implant failure rates in irradiated tissues. Standardized HBO 
treatments will be given both pre- and postoperatively. All 
centers working with rehabilitation of former cancer patients 
using the osseointegration concept are cordially invited to 
participate in this multicenter study.

The Role of HBO in the Treatment of Late Irradiation 
Sequelae in the Pelvic Region

This is a prospective randomized controlled clinical cross-over 
multicenter study. The objective of this study is to evaluate the 
extent to which HBO plays a role in the treatment of symp-
toms due to late radiation injuries induced by curative pelvic 
radiotherapy for malignancies. At the onset of the HBO treat-
ment and during follow-up, organ-related parameters are to 
be assessed using the EORTC grading system, as well as other 
parameters (applying to all patients) such as health-related 
quality of life as scored in the SF-36 questionnaire.

Conclusion
Randomized clinical studies on HBO and radiation oncology 
are initiated and supported by the Working Group Oncology 
of the COST B14 action “Hyperbaric Oxygen Therapy”. The 
protocols have been considered in detail and are approved by 
the COST action B14. They have been subjected to extensive 
peer review and amendment, and may be regarded as consis-
tent with best practice in the field of hyperbaric medicine. All 
protocols are presented in detail on the website of the COST 
B14 action (www.oxynet.org). At present, they are open for 
enrollment of patients. The final outcome of the clinical stud-
ies will provide data on the efficacy of HBO therapy of late 
radiation injuries and on the therapeutic efficacy of HBO used 
as radiosensitizer. 

Acknowledgments 
The authors are indebted to the European intergovernmental frame-
work COST (CO-operation in the field Science and Technology re-
search) for generous financial support. Thanks are also due to the GAE 
Nilsson foundation. 



Mayer R, et al. HBO and Radiotherapy

122 Strahlenther Onkol 2005 · No. 2  © Urban & Vogel

References 
 1. Abu-Serriah MM, McGowen DA, et al. Extra-oral craniofacial endosseous 

implants and radiotherapy. Int J Oral Maxillofac Surg 2003;32:585–92.
 2. Becker A, Kuhnt T, Liedtke H, et al. Oxygenation measurements in head and 

neck cancers during hyperbaric oxygenation. Strahlenther Onkol 2002;178:
105–8. 

 3. Bem J, Bem S, Singh A. Use of hyperbaric oxygen chamber in the manage-
ment of radiation-related complications of the anorectal region: report 
of two cases and review of the literature. Dis Colon Rectum 2000;43:
1435–8. 

 4. Beppu T, Kamada K, Nakamura R, et al. A phase II study of radiotherapy after 
hyperbaric oxygenation combined with interferon-beta and nimustine hy-
drochloride to treat supratentorial malignant gliomas. J Neurooncol 2003;
61:161–70. 

 5. Beppu T, Kamada K, Yoshida Y, et al. Change of oxygen pressure in glioblas-
toma tissue under various conditions. J Neurooncol 2002;58:47–52. 

 6. Bevers RFM, Bakker DJ, Kurth KH. HBO treatment for haemorrhagic radia-
tion cystitis. Lancet 1995;346:803–5. 

 7. Brizel DM, Hage WD, Dodge RK, et al. HBO improves tumor radiation re-
sponse significantly more than carbogen/nicotinamide. Radiat Res 1997; 
147:715–20.

 8. Carl UM, Feldmeier JJ, Schmitt G, et al. HBO therapy for late sequelae in 
women receiving radiation after breast-conserving surgery. Int J Radiat 
Oncol Biol Phys 2001;49:1029–31. 

 9. Carl UM, Peusch-Dreyer D, Frieling T, et al. Treatment of radiation proctitis 
with HBO: what is the optimal number of HBO treatments? Strahlenther 
Onkol 1998;174:482–3. 

10. Chuba PJ, Aronin P, Bhambhani K, et al. HBO therapy for radiation-induced 
brain injury in children. Cancer 1997;80:2005–12. 

11. Corman JM, McClure D, Pritchett R, et al. Treatment of radiation induced 
hemorrhagic cystitis with hyperbaric oxygen. J Urol 2003;169:2200–2. 

12. Del Pizzo JJ, Chew BH, Jacobs SC, et al. Treatment of radiation induced 
hemorrhagic cystitis with hyperbaric oxygen: long-term follow-up. J Urol 
1998;160:731–3. 

13. Dische S. What have we learnt from hyperbaric oygen? Radiother Oncol 
1991;20:Suppl 1:71–4. 

14. Dische S, Saunders MI, Sealy R, et al. Carcinoma of the cervix and the use 
of hyperbaric oxygen with radiotherapy: a report of a randomised controlled 
trial. Radiother Oncol 1999;53:93–8. 

15. Farmer JC, Shelton DL, Angelillo JD, et al. Treatment of radiation-induced 
tissue injury by hyperbaric oxygen. Ann Otol 1978;87:707–15. 

16. Feldmeier J, Carl U, Hartmann K, et al. Hyperbaric oxygen: does it pro-
mote growth or recurrence of malignancy? Undersea Hyperb Med 2003;30:
1–18.

17. Feldmeier JJ, Hampson NB. A systematic review of the literature reporting 
the application of hyperbaric oxygen prevention and treatment of delayed 
radiation injuries: an evidence based approach. Undersea Hyperb Med 
2002;29:4–30. 

18. Feldmeier JJ, Heimbach RD, Davolt DA, et al. Hyperbaric oxygen as an ad-
junctive treatment for severe laryngeal necrosis: a report of nine consecu-
tive cases. Undersea Hyperb Med 1993;20:329–35. 

19. Feldmeier JJ, Heimbach RD, Davolt DA, et al. Hyperbaric oxygen as an 
adjunctive treatment for delayed radiation injury of the chest wall: a retro-
spective review of 23 cases. Undersea Hyperb Med 1995;22:383–93. 

20. Feldmeier JJ, Heimbach RD, Davolt DA, et al. HBO as an adjunctive treat-
ment for delayed radiation injuries of the abdomen and pelvis. Undersea 
Hyperb Med 1996;23:205–13. 

21. Ferguson BJ, Hudson WR, Farmer JC. Hyperbaric oxygen therapy for laryn-
geal radionecrosis. Ann Otol Rhinol Laryngol 1987;96:1–6. 

22. Filntisis GA, Moon RE, Kraft KL, et al. Laryngeal necrosis and HBO therapy: 
report of 18 cases and review of the literature. Ann Otol Rhinol Laryngol 
2000;109:554–62. 

23. Gothard L, Stanton A, MacLaren J, et al. Non-randomised phase II trial of 
hyperbaric oxygen therapy in patients with chronic arm lymphoedema and 
tissue fibrosis after radiotherapy for early breast cancer. Radiother Oncol 
2004;70:217–24. 

24. Gouello JP, Bouachour G, Person B, et al. The role of hyperbaric oxygen 
therapy in radiation-induced digestive disorders. 36 cases. Presse Med 
1999;28:1053–7.abstract. 

25. Granowitz EV, Skulsky EJ, Neson RM, et al. Exposure to increased pressure or 
hyperbaric oxygen suppresses interferon-gamma secretion in whole blood 
cultures of healthy humans. Undersea Hyperb Med 2002;29:216–25. 

26. Granström G. Hyperbaric oxygen therapy decreases the rejection rate of 
osseointegrated implants after radiotherapy. Strahlenther Onkol 1996;172:
Suppl 2:20–1. 

27. Granström G. Radiotherapy, osseointegration and HBO therapy. In: Van 
Steenberghe D, ed. Periodontology 2000. Copenhagen: Munksgaard, 2001.

28. Granström G, Tjellström A, Brånemark P-I. Osseointegrated implants in ir-
radiated bone. A case-control study using adjuvant HBO therapy. J Oral 
Maxillofac Surg 1999;57:493–9. 

29. Greenwood TW, Gilchrist AG. Hyperbaric oxygen and wound healing in 
post-irradiation head and neck surgery. Br J Surg 1973;5:394–7. 

30. Haffty BG, Hurley R, Peters LJ. Radiation therapy with hyperbaric oxygen 
at 4 atmospheres pressure in the management of squamous cell carcinoma 
of the head and neck: results of a randomized clinical trial. Cancer J Sci Am 
1999;5:341–7. 

31. Haffty BG, Hurley RA, Peters LG. Carcinoma of the larynx treated with hypo-
fractionated radiation and hyperbaric oxygen: long-term tumor control and 
complications. Int J Radiat Oncol Biol Phys 1999;45:13–20. 

32. Hamilton-Farrell MR. Cooperation on Science and Technology action B14 
(HBO). Eur J Undersea Hyperb Med 2002;3:8. 

33. Hart GB, Mainous EG. The treatment of radiation necrosis with hyperbaric 
oxygen (OHP). Cancer 1976;37:2580–5. 

34. Hartmann KA, van der Kleij AJ, Carl UM, et al. Effects of HBO and normo-
baric carbogen on the radiation response of the rat rhabdomyosarcoma 
R1H. Int J Radiat Oncol Biol Phys 2001;51:1037–44. 

35. Henk JM. Late results of a trial of hyperbaric oxygen and radiotherapy in 
head and neck cancer: a rationale for hypoxic cell sensitizers? Int J Radiat 
Oncol Biol Phys 1986;12:1339–41. 

36. Hoskin PJ, Saunders MI, Dische S. Hypoxic radiosensitizers in radical radio-
therapy for patients with bladder carcinoma: hyperbaric oxygen, misoni-
dazole, and accelerated radiotherapy, carbogen, and nicotinamide. Cancer 
1999;86:1322–8. 

37. Hunt TK, Pai MP. The effect of varying ambient oxygen tensions on wound 
metabolism and collagen synthesis. Surg Gynecol Obstet 1972;12:77–82. 

38. Hunt TK, Zederfeldt BH, Goldstick TK. Oxygen and healing. Am J Surg 
1969;118:521–5. 

39. Janda M, Newman B, Obermair A, et al. Impaired quality of life in patients 
commencing radiotherapy for cancer. Strahlenther Onkol 2004;180:78–83.

40. Ketchum SA, Thomas AN, Hall AD. Angiographic studies of the effects of 
hyperbaric oxygen on burn wound revascularization. In: Wada J, Irva T, 
eds. Proceedings of the 4th International Congress on Hyperbaric Medicine. 
Baltimore: Williams & Wilkins, 1970:388–94. 

41. Kinoshita Y, Kohshi K, Kunugita N, et al. Preservation of tumour oxygen 
after hyperbaric oxygenation monitored by magnetic resonance imaging. 
Br J Cancer 2000;82:88–92. 

42. Kitta T, Shinohara N, Shirato H, et al. The treatment of chronic radiation 
proctitis with hyperbaric oxygen in patients with prostate cancer. BJU Int 
2000;85:372–4. 

43. Kohshi K, Kinoshita Y, Imada H, et al. Effects of radiotherapy after hyper-
baric oxygenation on maligant gliomas. Br J Cancer 1999;80:236–41. 

44. Kortmann RD, Timmermann B, Taylor RE, et al. Current and future strate-
gies in radiotherapy of childhood low-grade glioma of the brain. Part II: 
Treatment-related late toxicity. Strahlenther Onkol 2003;179:585–97. 

45. Kveton JF. Surgical management of osteoradionecrosis of the temporal 
bone. Otolaryngol Head Neck Surg 1988;98:231–4. 

46. Lartigau E, Mathieu D, eds. Hyperbaric oxygen therapy in the treatment 
of radio-induced lesions in normal tissues. Proceedings of the European 
Society for Therapeutic Radiology and Oncology and European Committee 
for Hyperbaric Medicine Meeting, Lisbon, 2001. 

47. Lee HC, Liu CS, Chiao C, et al. HBO therapy in hemorrhagic cystitis: a report 
of 20 cases. Undersea Hyperb Med 1994;21:321–7. 

48. London SD, Park SS, Gampper TJ, et al. Hyperbaric oxygen for the management 
of radionecrosis of bone and cartilage. Laryngoscope 1998;108:1291–6. 

49. Mainous EG, Boyne PJ, Hart GB. Hyperbaric oxygen treatment of mandibular 
osteomyelitis: report of 3 cases. J Am Dent Assoc 1973;87:1426–30. 

50. Marx RE. Osteoradionecrosis: a new concept of its pathophysiology. J Oral 
Maxillofac Surg 1983;48:283–8. 



Mayer R, et al. HBO and Radiotherapy

123Strahlenther Onkol 2005 · No. 2  © Urban & Vogel

51. Marx RE. Radiation injury to tissue. In: Kindwall EP, Whelan HT, eds. Hyper-
baric medicine practice, 2nd edn. Flagstaff: Best, 1999:665–723.

52. Marx RE, Ames JR. The use of hyperbaric oxygen therapy in bony reconstruc-
tion of the irradiated and tissue-deficient patient. J Oral Maxillofac Surg 
1982;40:412–20. 

53. Marx RE, Ehler WJ, Tayapongsak P, et al. Relationship of oxygen dose to 
angiogenesis induction in irradiated tissue. Am J Surg 1990;169:519–24.

54. Marx RE, Johnson RP, Kline SN. Prevention of osteoradionecrosis: a random-
ized prospective clinical trial of hyperbaric oxygen versus penicillin. J Am 
Dent Assoc 1985;111:49–54. 

55. Mathews R, Rajan N, Josefson L, et al. Hyperbaric oxygen therapy for radia-
tion induced hemorrhagic cystitis. J Urol 1999;161:435–7. 

56. Mayer R, Klemen H, Quehenberger F, et al. Hyperbaric oxygen – an effec-
tive tool to treat radiation morbidity in prostate cancer. Radiother Oncol 
2001;61:151–6. 

57. Miyazato T, Yusa T, Onaga T, et al. Hyperbaric oxygen therapy for radia-
tion-induced hemorrhagic cystitis. Nippon Hinyokika Gakkai Zasshi 1998; 
89:552–6.abstract. 

58. Neovius EB, Lind MG, Lind FG. HBO therapy for wound complications after 
surgery in the irradiated head and neck: a review of the literature and a 
report of 15 consecutive patients. Head Neck 1997;19:315–22.

59. Norkool DM, Hampson NB, Gibbons RP, et al. Hyperbaric oxygen therapy for 
radiation-induced hemorrhagic cystitis. J Urol 1993;150:332–4.

60. Ogawa K, Yoshii Y, Inoue O, et al. Prospective trial of radiotherapy after hy-
perbaric oxygenation with chemotherapy for high-grade gliomas. Radiother 
Oncol 2003;67:63–7.

61. Overgaard J, Horsman MR. Modification of hypoxia-induced radioresis-
tance in tumors by the use of oxygen and sensitizers. Semin Radiat Oncol 
1996;6:10–21. 

62. Peusch-Dreyer D, Dreyer KH, Muller CD, et al. Management of postopera-
tive radiation injury of the urinary bladder by hyperbaric oxygen (HBO). 
Strahlenther Onkol 1998;174:Suppl 3:99–100. 

63. Plafki C, Carl UM, Glag M, et al. The treatment of late radiation effects with 
hyperbaric oxygenation (HBO). Strahlenther Onkol 1998;174:Suppl 3:66–8. 

64. Pritchard J, Anand P, Broome J, et al. Double-blind randomized phase II 
study of hyperbaric oxygen in patients with radiation-induced brachial 
plexopathy. Radiother Oncol 2001;58:279–86. 

65. Rijkmans BG, Bakker DJ, Dabhoiwala NF, et al. Successful treatment of 
radiation cystitis with hyperbaric oxygen. Eur Urol 1989;16:354–6. 

66. Schmutz J. Review of the effect of HBO therapy in radiation injury. In: 
Lartigau E, Mathieu D, eds. Proceedings of the 5th ESTRO-ECHM Consensus 
Conference, Lisbon, 2001:85–93. 

67. Sealy R, Cridland S, Barry L, et al. Irradiation with misonidazole and hyper-
baric oxygen: final report on a randomized trial in advanced head and neck 
cancer. Int J Radiat Oncol Biol Phys 1986;12:1343–6. 

68. Sminia P, Schmutz J, Hamilton-Farrell M, et al. Hyperbaric oxygen and 
radiotherapy. An intermediate report from the COST B14 Working Group 
Oncology. In: Germonpre P, Balestra C, eds. Proceedings of the 28th Annual 
Scientific Meeting of the European Underwater and Baromedical Society 
(EUBS) on Diving and Hyperbaric Medicine. Brussels: Achobel, 2002:75–7. 

69. Strassmann G, Vacha P, Braun I, et al. Methodology of continuous extracra-
nial radiosurgery for lung cancer using EXOMIO 3-D CT simulation. Strahlen-
ther Onkol 2004;180:241–4. 

70. Studer G, Gratz KW, Glanzmann C. Osteoradionecrosis of the mandibula in 
patients treated with different fractionations. Strahlenther Onkol 2004; 
180:233–40. 

71. Sümen G, Cimsit M, Eroglu L. Hyperbaric oxygen treatment reduces carra-
geenan-induced acute inflammation in rats. Eur J Pharmacol 2001;431: 
265–8.

72. Suzuki K, Kurokawa K, Suzuki T, et al. Successful treatment of radiation 
cystitis with hyperbaric oxygen therapy: resolution of bleeding event and 
changes of histopathological findings of the bladder mucosa. Int Urol 
Nephrol 1998;30:267–71. 

73. Van der Kleij AJ, Schmutz J. Hyperbaric oxygen therapy and late sequelae 
of radiation therapy: the genito-urinary tract and gastrointestinal tract. 
In: Wattel F, Mathieu D, eds. Traité de médecine hyperbare. Paris: Ellipse, 
2002:361–81. 

74. Van der Kleij AJ, Sminia P. Tumor oxygenation and radiotherapy. In: Wattel F, 
Mathieu D, eds. Traité de médecine hyperbare. Paris: Ellipse, 2002:485–91. 

75. Warren DC, Feehan P, Slade JB, et al. Chronic radiation proctitis treated 
with HBO. Undersea Hyperb Med 1997;24:181–4. 

76. Watson ER, Halnan KE, Dische S. Hyperbaric oxygen and radiotherapy: a 
Medical Research Council trial in carcinoma of the cervix. Br J Radiol 1978; 
51:879–87. 

77. Weiss JP, Mattei DM, Nevile EC, et al. Primary treatment of radiation-hem-
orrhagic cystitis with HBO: 10-year experience. J Urol 1994;151:1514–7.

78. Williams J Jr, Clarke D. Pelvic radiation necrosis and radiation cystitis. In: 
Kindwall EP, Whelan HT, eds. Hyperbaric medicine practice, 2nd edn. Flag-
staff: Best, 1999:725–51. 

79. Williams JA Jr, Clarke D, Dennis WA, et al. The treatment of pelvic soft tis-
sue radiation necrosis with hyperbaric oxygen. Am J Obstet Gynecol 1992; 
167:412–6. 

80. Willner J, Jost A, Baier K, et al. A little to a lot or a lot to a little? An 
analysis of pneumonitis risk from dose-volume histogram parameters of the 
lung in patients with lung cancer treated with 3-D conformal radiotherapy. 
Strahlenther Onkol 2003;179:548–56.

81. Wiltfang J, Grabenbauer G, Bloch-Birkholz A, et al. Evaluation of quality of 
life of patients with oral squamous cell carcinoma. Comparison of two treat-
ment protocols in a prospective study – first results. Strahlenther Onkol 
2003;179:682–9. 

82. Woo TCS, Joseph D, Oxer H. HBO treatment for radiation proctitis. Int J 
Radiat Oncol Biol Phys 1997;38:619–22. 

83. Zimmermann FB, Feldmann HJ. Radiation proctitis. Clinical and pathologi-
cal manifestations, therapy and prophylaxis of acute late injurious effects 
of radiation on the rectal mucosa. Strahlenther Onkol 1998;174:Suppl 
3:85–9. 

Address for Correspondence 
Peter Sminia, PhD 
Division of Radiobiology 
Department of Radiation Oncology 
VU University Medical Center 
Building: Faculty of Medicine, Room J-392 
Van der Boechorststraat 7 
1081 BT Amsterdam 
The Netherlands 
Phone (+31/20) 4448-355, Fax -285 
e-mail: p.sminia@vumc.nl 


