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Background. Hemodialysis dependence is an independent
risk factor for hematogenous complication, including distant
metastatic infection and osteomyelitis. Chronic osteomyelitis
is a serious disease that fails to respond to aggressive medical
and surgical treatment. Hyperbaric oxygen therapy has been
proved to enhance bone and soft tissue healing in many stud-
ies. This article presents the preliminary result of hyperbaric
oxygen therapy in hemodialysis-dependent patients with
chronic osteomyelitis. Materials and methods. Ten hemodi-
alysis dependent patients who were diagnosed with chronic
diffuse osteomyelitis were treated prospectively with adjunc-
tive hyperbaric oxygen therapy, in addition to aggressive sur-
gical debridement and antibiotic treatment. Results. The
hyperbaric oxygen therapy averaged 20 daily sessions. Suc-
cessful treatment was achieved in eight patients (80%). The
mean length of treatment was 21 days. The preliminary results
are comparable with other series. Conclusion. Hyperbaric
oxygen is effective as an adjunct to aggressive medical and surgi-
cal treatment in chronic refractory osteomyelitis among hemodi-
alysis-dependent patients.
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INTRODUCTION

Hemodialysis dependence is an independent risk
factor for hematogenous complication, including distant
metastatic infection and osteomyelitis.[1] Osteomyelitis
represents an inflammatory process with a bacterial
infection involving bone. The disease involves ischemia
as well as infection, and it may be acute, subacute, or
chronic. The term “refractory osteomyelitis” refers to a
failure to heal despite adequate surgical and antibiotic
therapy. Osteomyelitis also may be classified by the
Cierny-Mader[2] classification as medullary, superficial,
localized, and diffuse.

Chromic osteomyelitis has been a difficult problem
for patients and the physicians. Appropriate antibiotic
therapy is necessary to arrest osteomyelitis, along with
adequate surgical therapy. Traditional treatments have
included operative procedures and antibiotics. Adjunctive
therapy for treating chronic osteomyelitis may be achieved
by placing beads, sponsor-coated implants, to deliver local
antibiotic therapy and using hyperbaric oxygen therapy.

Hyperbaric oxygen can produce a variety of effects. It
increases the killing ability of leukocytes, inhibiting toxin
formation by certain anaerobic bacteria. It reduces tissue
edema, maintaining tissue oxygenation in the absence of
hemoglobin. In addition, it stimulates fibroblast growth,
increases collagen formation, and promotes more rapid
growth of capillaries. There actions of hyperbaric oxygen
are useful in chronic refractory osteomyelitis.[3]

In this article, we present the preliminary result of
hyperbaric oxygen therapy in hemodialysis patients with
chronic refractory osteomyelitis.
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MATERIALS AND METHODS

From January 2002 to December 2005, ten hemodial-
ysis-dependent patients with a diagnosis of chronic diffuse
osteomyelitis by Cierny-Mader classification were
included in the study. All patients met the treatment
criteria: the infection persisted for longer than one month,
at least one surgical debridement had been performed, at
least two weeks of parenteral antibiotics had been admin-
istered, and the patients had been followed for at least one
year after surgery. These patients were treated with
adjunctive hyperbaric oxygen therapy besides surgical
debridement and antibiotic treatment. The patients’ medical
records were retrospectively studied.

Hyperbaric oxygen therapy protocol was utilized as
follows. Patients received hyperbaric oxygen therapy at a
pressure of 2.5 atm absolute and lasted for 90 minutes.
The patients were all treated daily for twenty treatments.

Patients’ laboratory data were reviewed for analysis
before and after treatment. Comparison using student’s
unpaired t-test was considered significant at p < 0.05. Data
was expressed as mean ± SEM.

RESULTS

Ten hemodialysis patients who met the criteria of
chronic diffuse osteomyelitis by Cierny-Mader classifica-
tion were included in this study (see Table 1). There were
six male and four female patients. Mean age was 46 years
old. The affected bone lesions were located at the tibia
bone in seven cases and in the humerus bone for three
cases. Patients’ wound culture results showed nine cases
of Staphylococcus aureus and one case of Pseudomonas
aeruginosa. All patients received surgical debridement

and parenteral antibiotics. Eight cases succeeded in the
arrest of the disease. Two cases failed in the arrest of the
disease and received amputation.

By comparison with laboratory data between
pre-treatment and post-treatment groups, only ESR
(erythrocyte sedimentation rate) showed significance
between pre-treatment and post-treatment groups (p < 0.01).
Other laboratory data did not show any significant differ-
ence (see Table 2)

The hyperbaric oxygen therapy averaged 20 daily
sessions. Successful treatment was achieved in eight
patients (80%). The mean length of treatment was 21 days.
The preliminary results are comparable with other series.

DISCUSSION

Previous studies have reported high rates of osteomy-
elitis complications among hemodialysis-dependent
patients.[3,4] It was associated with the presence of chronic
vascular access and with the direct effect of hemodialysis
on host immunity to bacteria infection, including uremia-
associated phagocyte dysfunction[5] and iron overload.[6,7]

Refractory osteomyelitis is chronic osteomyelitis that
has persisted or recurred after appropriate interventions
have been performed, or where acute osteomyelitis has not
responded to accepted management techniques.[8] Factors,
either systemic or local, that compromise host responsive-
ness are invariably associated with refractory osteomyelitis.

Following initial case reports of successful adjunctive
hyperbaric oxygen (HBO) use in cases of very difficult
osteomyelitis during the 1960s,[9–11] controlled animal
studies clearly verified the benefit of using adjunctive
HBO.[12–16] Studies designed specifically to determine the
mechanism of HBO action have revealed evidence that

Table 1 
Demographic data of patients receiving hyperbaric oxygen therapy

Case Sex Age Bone lesion Culture result Debridement Antibiotics Outcome

1 Male 45 Tibia S. aures* + + Success
2 Male 53 Tibia S. aures + + Success
3 Female 62 Humerus S. aures + + Success
4 Male 40 Tibia S. aures + + Success
5 Female 58 Humerus S. aures + + Success
6 Female 42 Tibia S. aures + + Failure
7 Male 39 Tibia S. aures + + Success
8 Male 32 Humerus P. aeruginosa† + + Failure
9 Female 43 Tibia S. aures + + Success

10 Male 50 Tibia S. aures + + Success

Outcome definition is the success or failure in the arrest of the disease.
*S. aureus: Staphylococcus aureus.
†P. aeruginosa: Pseudomonas aeruginosa.
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justifies the adjunctive use of HBO. It has been demon-
strated that the decreased oxygen tensions found in
infected bone can be elevated to normal or above-normal
bone oxygen tensions when animals breathe 100% oxygen
in a hyperbaric chamber.[17,18] HBO provides the periodic
elevation of bone and tissue oxygen tension from hypoxic
levels to normal or above normal levels. The increased
oxygen tension in hypoxic tissue promotes collagen pro-
duction by fibroblasts[19,20] and capillary angiogenesis, as
structural collagen provides support for the new budding
capillaries.[21] Intermittent oxygen tensions of 30–40
mmHg are necessary for neovascularization in an ischemic
environment.[22] Also, neutrophils require tissue oxygen
tensions of 30–40 mmHg to kill bacteria by oxidative kill-
ing mechanisms at the focus of infection. Therefore, leuko-
cyte killing of aerobic Gram-positive organisms including
Staphylococcus aureus and aerobic Gram-negative organ-
isms is returned to normal or above-normal levels when
the osteomyelitic bone’s low oxygen tension is increased
to physiologic or supraphysiologic levels. Elevating the
oxygen tension above 30–40 mmHg further improves
leukocyte killing.[23]

HBO has proved effective as adjunctive therapy in ani-
mal models of chronic S. aureus and P. aeruginosa osteomy-
elitis.[24] The osteoclast function of removing the necrotic
bone (microscopic surgical debridement) is an oxygen-
dependent function. The osteoclast is very active metaboli-
cally, perhaps 100 times more active than the osteocyte.
However, without adequate oxygen tensions, the osteoclast
cannot remove dead infected bone. HBO is the single therapy
that provides the optimum environment in which this host
factor functions. Strauss and Jones observed the osteoclastic
stimulation on the effect of HBO in a rabbit model.[25–27]

Published clinical series that utilized adjunctive
HBO therapy, while adhering to strict criteria for disease
designation as chronic refractory osteomyelitis and

follow-up data, have confirmed the controlled animal data.
Arrest of previously refractory osteomyelitis ranged from
70 to 89% in patients who bad already undergone
parenteral antibiotic therapy and aggressive surgical
debridement but remained infected.[28–31]

A retrospective study of osteomyelitis by Esterhai
et al. on superficial inspection reportedly showed no value
in adjunctive HBO therapy.[32–34] There was one failure in
fourteen patients in the non-HBO group (93% arrested)
and three failures in fourteen patients in the HBO group
(78.6% arrested). Three of the four treatment failures
refused further debridement surgery, and the fourth patient
had extensive osteomyelitis that required an ablative
procedure, which the patient refused. Thus, all four treat-
ment failures were related to the refusal of these patients to
have a surgery rather than a reflection on the ineffective-
ness of HBO. Furthermore, with an arrest rate greater than
90% in the non-HBO group, the question is raised whether
or not the patients in this study met the criteria for refractory
osteomyelitis. In a subsequent manuscript, Esterhai et al.
published a non-HBO arrest rate of 62%.[35] While the
Esterhai paper is a good attempt at evaluating adjunctive
HBO for osteomyelitis, it falls short of being evaluative.

The results of several open clinical trials indicate
that adjunctive hyperbaric oxygen therapy is useful in the
treatment of chronic osteomyelitis. Perrins[36] reported on 24
patients with chronic, recurrent osteomyelitis and cutaneous
sinus tracts, in which previous sequestrectomy, antibiotics, or
marsupialization had been unsuccessful. A combination
of HBO and antibiotic therapy resulted in the healing of 17 of
Perrins’ 24 cases (71%). In four of the non-healed cases,
drainage from the sinus tract diminished. In the remaining
three cases, the sinus tracts were not influenced by the treat-
ment. Depenbusch[37] reported on 50 patients who had
not responded to adequate antibiotic and surgical therapy.
Thirty-five of these patients (70%) had healed completely
after HBO, while the other 15 patients reported some
improvement.

Two studies in which the patients served as their own
controls were reported by Morrey and Davis. Morrey’s[38]

patients met the following criteria: the infection persisted
for longer than one month, at least one surgical debridement
had been performed, at least two weeks of parenteral
antibiotics had been administered, and the patients had
been followed for at least one year after surgery. After
HBO therapy, appropriate surgery, and treatment with
antibiotics, 34 patients (85%) remained clinically free of
disease, and six experienced recurrence of their osteomyelitis.
Davis[39] reported on 38 patients with chronic osteomyelitis
who had failed to respond to a previous course of
antibiotic and surgical therapy under the same criteria used
by Morrey. Thirty-four of these 38 patients (89%) treated
with adjunctive hyperbaric oxygen, antibiotics, and

Table 2 
Comparison of laboratory data between pre-treatment 

and post-treatment groups

Pre-treatment Post-treatment p value

WBC (×103/ul)* 9.01 ± 0.3 8.82 ± 0.4 NS
Hemoglobin (g/dL) 13 ± 2 14 ± 3 NS
Platelete (×103/ul) 353 ± 0.8 334 ± 0.4 NS
ESR (mm/hour)† 110 ± 22 32 ± 3 p < 0.01
Albumin (g/dL) 3.5 ± 1.3 3.6 ± 1.1 NS
GOT (U/L) 22 ± 3 21 ± 2 NS
GPT (U/L) 25 ± 4 22 ± 1 NS
Creatinine (mg%) 11.0 ± 0.5 11.1 ± 0.4 NS

*WBC=white blood cell.
†ESR=erythrocyte sedimentation rate.
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surgery experienced an arrest of disease. In our series, all
ten patients met the criteria of Morrey’s criteria.

To avoid the many variables of clinical osteomyelitis
and objectively evaluate the effect of HBO in the laboratory,
Mader[40] used the Staphylococcus aureus osteomyelitis
rabbit model. All animals treated developed stage 4A
osteomyelitis in the Cierny-Mader classification system.
The results of 28 days of treatment with HBO, antibiotic
(cephalothin), a combination of both, or no treatment
(control) were compared. HBO was administered for a
total of 20 treatments. At the end of the study, cultures of
bone were positive for S. aureus in 91 percent of the
control animals, 36 percent of the animals treated with
HBO, 47 percent of the animals treated with cephalothin,
and 40 percent of the animals treated with cephalothin and
HBO. All three treatment groups differed significantly
from the control group, but there were no significant dif-
ferences among the treatment groups. Hyperbaric oxygen
alone was as effective as cephalothin in the treatment of
experimental S. aureus osteomyelitis.[41–43]

These studies provided evidence for the following
conclusions:

1. hyperbaric oxygen, when administered under standard
treatment conditions, was as effective as cephalothin in
the eradication of S. aureus from infected bone;

2. osteomyelitic bone in the experimental model has
decreased blood flow and a greatly decreased partial
pressure of oxygen;

3. HBO does not directly affect this strain of S. aureus; and
4. HBO can restore intramedullary oxygen tensions to

physiologic or supraphysiologic levels, but this short
exposure does not acutely increase blood flow in
osteomyelitic bone.

One mechanism for HBO’s effectiveness in S. aureus
osteomyelitis may be the increase of intramedullary
oxygen tensions that maximize the efficiency of killing by
phagocytes.[44,45]

Based upon the extensive data submitted supporting the
use of adjunctive HBO therapy for chronic osteomyelitis,
our preliminary results suggests adjunctive HBO to be
clinically effective in hemodialysis patients with chronic
osteomyelitis.
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