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ABSTRACT

Radiotherapy is a widely recognised treatment for
non-melanoma skin cancer. We report three cases
of radiation-induced skin ulcers in which hyperbaric
oxygen therapy was administered in 90-min ses-
sions, 5 days a week at 2.4 absolute atmospheres in
a multiplace hyperbaric chamber. Hyperbaric oxy-
gen therapy is an outpatient treatment that does not
displace other classical treatments and may be used
as an adjunct therapy.
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WHAT THIS RESEARCH ADDS

● Exposing soft tissue to high-dose radiation often
causes acute or delayed skin ulcers that can
become intractable as a result of improper wound
healing.

● Hyperbaric oxygen therapy does not displace
other, classical treatments, but may be used as an
adjunct therapy.

INTRODUCTION

Radiation therapy is one of the main treatments
employed for the management of non-melanoma skin
cancer. However, the exposure of soft tissue to high-dose
radiation often causes acute or delayed skin ulcers that
can become intractable as a result of improper wound
healing, infection or both. Hyperbaric oxygen therapy is
a therapeutic option for this condition that increases the
oxygen supply to tissues by enhancing angiogenesis and
collagen synthesis, and thus promotes wound healing.
We present three patients with radio-induced skin ulcers
that were successfully treated using hyperbaric oxygen
therapy.

CASE REPORT 1

A 73-year-old man with a history of hypertension, ischae-
mic heart disease and morbid obesity was diagnosed with
a squamous cell carcinoma in his left leg. He was treated
with radical hypofractionated radiation therapy (55 Gy).
One year later he developed many skin ulcers, which did
not respond to topical treatment. Several skin biopsies
were obtained and the presence of cancer was ruled out.
Hyperbaric oxygen therapy treatment was then adminis-
tered in 90-min sessions, 5 days a week at 2.4 ATA (atmo-
sphere absolute) in a multiplace hyperbaric chamber.
Complete healing was observed after 55 sessions (Fig. 1).
The patient remains asymptomatic after 18 months.

CASE REPORT 2

A 50-year-old woman with no other relevant medical con-
ditions was diagnosed with a squamous cell carcinoma
located in the anal canal presenting vulvovaginal exten-
sion (T4N2M0, stage IIIB), which was treated using radical
radiotherapy (54 Gy) and concomitant chemotherapy (mit-
omycin and 5-fluorouracil). Three months after the radio-
therapy the patient developed a proctitis and a painful
perianal skin ulcer. A skin biopsy ruled out cancer. Hyper-
baric oxygen therapy was then initiated in a multiplace
hyperbaric chamber in 90-min sessions, 5 days a week at
2.4 ATA. The ulcer was completely healed after 37 sessions
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(Fig. 2). The patient has had no ulcer recurrence after
12 months.

CASE REPORT 3

A 55-year-old man with no relevant medical history under-
went the surgical removal of a squamous cell carcinoma
in the right heel. As the deep surgical margin was affected,
adjuvant brachytherapy (42 Gy) was then administered.
Five months after this radiotherapy an intensely painful
skin ulcer appeared (Fig. 3). A skin biopsy ruled out can-
cer. The patient was then given 90-min sessions of hyper-
baric oxygen therapy, 5 days a week at 2.4 ATA in a
multiplace hyperbaric chamber. After 28 sessions a com-
plete response was obtained and after 6 months the patient
remains asymptomatic, with no signs of recurrence.

DISCUSSION

Soft-tissue radionecrosis is one of the various complica-
tions of radiotherapy. Its incidence is falling with the

growing use of high-energy equipment, but if it does occur
there are no standard therapeutic guidelines for address-
ing the condition. Surgery is not considered the gold stan-
dard, given the high rate of postoperative complications.
Radionecrosis is caused by progressive obliterating endar-
teritis that results in a vascular stenosis and a fibroatrophic
effect that leads to stromal fibrosis.1 In this fibrous and
hypoxic tissue, hyperbaric oxygen therapy acts by increas-
ing the oxygen supply, stimulating angiogenesis, reducing
fibrosis and mobilising and increasing stem cells, thus
accelerating the healing process.2–5 There have been sev-
eral studies of hyperbaric oxygen therapy for radiation-
induced skin ulcers but most of these are only brief case
series. The largest such study included 58 patients and
reported an excellent response, with resolution in 25% of
the patients and an improvement of 50–90% in half of the
patients.6 Cases have also been reported of a successful
response in skin ulcers in the lower limbs,7 the breast8 or
the anorectal area.9

Hyperbaric oxygen therapy is a physical therapy that
achieves high partial pressures of oxygen by providing
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Figure 1 (a–f) Evolution of ulcers during treatment with hyperbaric oxygen therapy. (g) Appearance of the limb 18 months after the
conclusion of hyperbaric oxygen therapy.
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pure oxygen within a chamber at a pressure above atmo-
spheric levels.10 The administration of 100% oxygen at an
ambient pressure of greater than 1.3 ATA is achieved in a
closed vessel called a hyperbaric chamber, which may be
monoplace or multiplace. Monoplace chambers are essen-
tially acrylic glass tubes pressurised to 3 ATA with pure
oxygen and allow only one patient to be treated at a time.
Multiplace hyperbaric chambers allow the simultaneous
treatment of several patients, at pressures of up to 6
ATA.11

The benefits of hyperbaric oxygen therapy are obtained
from both a volumetric effect and a solubility effect.10

The volumetric effect (Boyle’s law) is based on the fact
that at a constant temperature, the volume of gas is
inversely proportional to the pressure. Thus, at a higher
ambient pressure there is a decreased volume of the
organic cavities that are not in contact with the airway.
Based on this effect, the gaseous embolism is one of the
main indications for this therapy. The solubility effect
(Henry0s law) is caused by an increase in the partial pres-
sure of oxygen. By breathing pure oxygen in a hyperbaric

environment, a progressive increase in blood pressure,
venous and tissue oxygen is obtained. The therapeutic
benefits of hyperbaric oxygen therapy, such as the correc-
tion of general or local tissue hypoxia, the stimulation of
scarring and angiogenesis, the increased phagocytosis of
neutrophils, bactericidal and bacteriostatic action, the
blockade of clostridial toxin formation and the elimination
of carboxyhaemoglobin are produced because of this sol-
umetric effect.11

The indications for hyperbaric oxygen therapy have been
approved by the Undersea and Hyperbaric Medical Soci-
ety,12,13 which has established three types of indications:
preferential, complementary and experimental. In the case
of radiation-induced lesions, hyperbaric oxygen therapy
has a complementary indication as it is not considered an
essential treatment, but it does seem to have a beneficial
action in the short term.14

The main complications of hyperbaric oxygen therapy
are related to the changes in pressure and to the toxic
effects of oxygen. They are uncommon and they usually
appear after long exposures or when higher pressures
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Figure 2 (a) The ulcer at 3 months after the conclusion of radiotherapy of the anal canal. (b–e) Evolution of the ulcer during treatment
with hyperbaric oxygen therapy, until final healing.
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than usual are applied. These complications include baro-
traumatic lesions (which are usually mild and transient),
seizures (occurring in one in 2000 patients exposed), retro-
lental fibroplasia (premature infants) and acute pulmonary
oedema (mainly in patients with heart failure or with low
ejection fraction or with pulmonary disease or chronic
obstructive pulmonary disease).15

There are few absolute contraindications to hyperbaric
oxygen therapy, the most important of these being
untreated pneumothorax, or treatment with doxorubicin
(cardiac toxicity) or mafenide acetate (central vasocon-
striction).16

Concern has been expressed that a therapeutic modality
recommended as an adjunct to wound healing and admin-
istered to promote the proliferation of fibroblasts, epithelial
cells and blood vessels could also lead to a proliferation of
malignancies and angiogenesis. In this respect, two litera-
ture reviews have been conducted17,18 analysing 10 studies
in humans in which hyperbaric oxygen therapy was used
as a radiosensitiser. The results observed were clearly
neutral or advantageous in terms of patient survival or
incidence of metastases. According to another study that
included a large series of patients with head and neck can-
cer treated with radiotherapy, for whom hyperbaric oxygen
therapy was used to treat the adverse effects of radiation
therapy, the recurrence rate was higher in the control
group (28%) than in the hyperbaric oxygen therapy group
(20%).17

In conclusion, our patients obtained an excellent clinical
response without any adverse effects. It is important to
emphasise that the hyperbaric oxygen therapy is an outpa-
tient treatment that does not displace other classical treat-
ments and may be used as an adjunct therapy.
Nevertheless, randomised trials should be performed to
assess the long-term efficacy of this therapy.
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Figure 3 (a) Squamous cell carcinoma of the heel. (b) Ulcer at 5 months after the conclusion of radiotherapy. (c) The ulcer, healed after
28 sessions of hyperbaric oxygen therapy.
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