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Role of hyperbaric oxygen therapy in the treatment of
bacterial spinal osteomyelitis
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Object. Hyperbaric oxygen therapy (HBO) is used as primary and/or adjunctive therapy in the treatment of vari-
ous clinical conditions complicated by local hypoxia. It may have therapeutic potential in the treatment of neurosur-
gical infections such as spinal osteomyelitis that are associated with significant morbidity rates. The purpose of this
study was to evaluate the efficacy of HBO therapy in the treatment of spinal osteomyelitis.

Methods. The clinical records of patients diagnosed with spinal osteomyelitis who received HBO therapy during
their treatment at the authors’ institution over the past 10 years were retrospectively reviewed. Six adult patients were
identified. Four patients had recently undergone spinal surgery and secondary spinal osteomyelitis had developed.
These patients received adjunctive HBO therapy due to significant comorbidities and risk factors for poor healing.

Results. All patients remained symptom and infection free over the subsequent follow-up period. Two patients
had primary spinal osteomyelitis that had recurred despite a full course of appropriate antimicrobial therapy. Infection
control was achieved after HBO therapy in 1 patient. The mean follow-up period for the study group was 2.9 years
(range 5 months to 5 years).

Conclusions. Hyperbaric oxygen therapy enabled infection cure in 5 of 6 patients with spinal osteomyelitis
complicated by medical comorbidities or the failure of primary therapy. These results show that HBO may be a use-
ful adjunctive therapeutic modality in the treatment of spinal osteomyelitis, particularly when there are medical co-
morbidities that increase the risk of poor healing. Hyperbaric oxygen therapy may also be beneficial in patients with

relapsing primary spinal osteomyelitis after standard therapy has failed. (DOI: 10.3171/2008.10.SP108606)
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rates of morbidity and mortality.'> Risk factors in-
clude both local (such as recent spine surgery or ad-
jacent soft-tissue infection) and systemic factors (chronic
systemic illness and infections, immunosuppression, and
diabetes mellitus).® The incidence of spinal osteomyelitis
has been rising because of an increase in the number of
individuals with immunocompromised status, an increase
in the prevalence of intravenous drug use, the emergence
of drug-resistant microbes, and the resurgence of tuber-
culous infections.*!® The management of spinal osteomy-
elitis consists of aggressive antimicrobial therapy. Surgi-
cal intervention is indicated in patients with symptomatic
neural compression and/or spinal instability.!* Eradication
of the infection is often hampered by local hypoxia and/
or ischemia, which delays wound healing and impedes
the oxidative bactericidal function of neutrophils.’
Initially used to treat decompression sickness, HBO
therapy is now recommended as a primary and/or ad-
junctive treatment for a wide range of clinical disorders.!”
Hyperbaric oxygen therapy raises the absolute oxygen
tension at the infection site, which improves neutrophilic
oxidative activity and promotes wound healing and neo-
vascularization.® There are numerous published reports
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on the use of HBO therapy in the treatment of soft tis-
sue and musculoskeletal infections, but to date there have
been no randomized controlled studies examining the
treatment indications and efficacy of HBO therapy in the
management of spinal osteomyelitis. We report our expe-
rience with HBO therapy in the treatment of primary and
postoperative spinal osteomyelitis.

Methods

We identified 103 patients with a clinical diagnosis
of spinal osteomyelitis through a retrospective search of
the hospital database at the University of lowa Hospitals
and Clinics, Iowa City, Iowa, over a 10-year period be-
tween January 1996 and December 2006. The diagnosis
of spinal osteomyelitis in these patients was made on the
basis of clinical, laboratory, and radiological evaluations,
and patients with primary osteomyelitis (absence of pre-
ceding spinal surgery) and secondary (postoperative) os-
teomyelitis were included. We next identified a subset of
9 patients with spinal osteomyelitis who received HBO
therapy. Of these, 2 patients died of significant medical
comorbidities unrelated to their spinal infection during
the course of treatment and were thus excluded from the
study group. Another patient did not complete the rec-
ommended number of HBO sessions and was also ex-
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cluded. Patient records of the remaining 6 patients with
spinal osteomyelitis who had undergone HBO therapy
were reviewed for: 1) patient demographic characteristics
(age, sex, and comorbidities); 2) microbiological results
(microbial isolates and antibiotic sensitivity patterns); 3)
medical treatment received (duration and nature of anti-
microbial therapy); 4) surgical intervention (wound care
and instrumentation); 5) hyperbaric therapy received
(primary indication, number, and duration of sessions);
and 6) final clinical outcome based on laboratory, clini-
cal, and radiological evaluations performed by the neuro-
surgical and infectious diseases services. To extend the
total clinical follow-up period, telephone interviews were
undertaken to assess any recurrence and/or persistence
of symptomatic clinical infection. The University of lowa
Human Subjects Office Institutional Review Board ap-
proved this retrospective study.

Hyperbaric Oxygen Therapy

A typical HBO treatment protocol at our institution
is conducted in a multiplace chamber (Perry Baromedi-
cals) at a pressure of 2.0-2.4 atmospheres absolute over 3
periods of 30 minutes each during which patients breathe
100% oxygen via a hood. A 10-minute rest period (air
break) occurs between the first and second oxygen ex-
posure, as well as between the second and third. Patients
undergo 1 session 5 days a week for a total of 30 sessions
over a 6-week period. All patients who received HBO
therapy underwent myringotomy tube insertion to reduce
middle ear pressure changes and minimize the risk of
barotrauma during therapy.

Results

We identified a total of 6 patients who underwent
HBO therapy after spinal osteomyelitis over a 10-year pe-
riod from July 1996 to December 2006 at our institution.
These patients included 3 men and 3 women with an age
range of 31-81 years (mean 53 years; Table 1).

Two patients had no prior history of spinal surgery
and received a diagnosis of primary spinal osteomyelitis.
Spinal osteomyelitis involving the L4-5 disc space and
an L1-3 epidural abscess developed in 1 patient (Case 1)
after recurrent episodes of Staphylococcus aureus sep-
ticemia. Despite appropriate intravenous antibiotic treat-
ments, the patient continued to manifest the clinical signs
of residual infection, and a tagged white blood cell scan
indicated persistent infection in the lumbar spine at the
L4-5 level. Hyperbaric oxygen therapy was therefore ini-
tiated because the spinal osteomyelitis was refractory to
medical therapy. Following HBO therapy his infection
resolved and there was no evidence of a new or recur-
rent infection at the 5-month follow-up examination. The
patient in Case 2 had a history of methicillin-resistant S.
aureus septicemia. He responded clinically (improve-
ment in laboratory parameters and subjective complaints)
to in-hospital treatment with a sensitivity-guided intra-
venous antibiotic regimen. Three weeks later back pain
developed again and he was found to have spinal osteo-
myelitis at T4-5 involving the vertebral bodies and disc
space. Hyperbaric oxygen therapy was instituted after
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primary antimicrobial therapy failed to cure the infec-
tion. His infection subsequently resolved with normal-
ization of his laboratory parameters. One month later
he suffered a clinical relapse, and there was radiological
evidence of worsening osteomyelitis. In addition to re-
suming intravenous antibiotic treatment, the infectious
diseases specialists started the patient on long-term oral
antibiotic suppressive therapy. He subsequently remained
asymptomatic over a 2-year follow-up period.

The remaining 4 patients in our series had a prior
history of spinal surgery. The patient in Case 3 had under-
gone multiple spinal instrumentation procedures over a
5-year period due to a traumatic spinal injury. The patient
in Case 4 had undergone multiple spinal procedures for
chondrosarcoma resection and had received instrument-
ed fusion. Two patients were treated with a lumbar ar-
throdesis for symptomatic lumbar spondylolisthesis and
spondylosis, respectively. In each of these patients, HBO
therapy was instituted as an adjunct to antibiotic therapy
and surgical debridement because spinal osteomyelitis de-
veloped postoperatively. Hyperbaric oxygen therapy was
typically initiated within 1 week after debridement and
continued daily thereafter. All patients received a total of
30 sessions over a 6-week period. Surgical intervention
involved removal and revision of spinal instrumentation
in 3 patients (Cases 4—6) within this subgroup. A wound
vacuum was applied in 4 patients (Cases 3—6) postopera-
tively.

Follow-Up Examination

All patients were followed up by both the neuro-
surgery and the infectious diseases services. The mean
duration of follow-up was 1.9 years (range 5 months to
5 years). To extend the total clinical follow-up period,
telephone interviews were conducted to access any recur-
rence and/or persistence of symptomatic clinical infec-
tion. The overall patient response to medical/surgical and
HBO therapy was monitored through the following: 1)
laboratory evaluation with serial white blood cell counts,
erythrocyte sedimentation rate, and C-reactive protein
measurements; 2) clinical evaluation of pain, neurologi-
cal function, and the wound site; and 3) interval radio-
logical imaging. Infection cure was adequately achieved
in 5 of 6 patients at the end of their respective follow-up
periods. The patient in Case 2 experienced a relapse that
necessitated long-term antibiotic therapy to suppress the
infection.

Microbiology of Spinal Infections

Staphylococcus aureus was the most common organ-
ism identified in blood and wound site cultures, consistent
with its role as the most common microbial cause of spi-
nal osteomyelitis (Table 2)."* Coagulase-negative Staphy-
lococcus was identified in 1 instance. Of the 2 patients
with recurrent primary spinal osteomyelitis, methicillin-
resistant S. aureus was isolated from blood cultures in 1
patient. In all cases, an appropriate antimicrobial regimen
was chosen based on microbial sensitivity results and the
recommendations of infectious disease consultants.
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TABLE 1: Summary of clinical characteristics of patients with primary and postoperative spinal osteomyelitis who

underwent HBO therapy*
Age Primary Timing
Case (yrs), Prior Spinal Comorbidi- Infection HBO of HBO Response to HBO  Duration
No.  Sex Sx Diagnosis ties Surgical Tx Site Indication Therapy & Final Outcomet  of FU
1 54, M — primary OM  IHD; chronic  none L4-5 disc chronic, 2 days post-  OM resolved 5mos
back pain space & refractory  admission
L1-3 epidu- OM & antibiotic
ral abscess therapy
2 68, M — relapse of HTN, COPD, none TA-5VB &  relapsing, 3dayspost- OM resolved initial- 2 yrs
(primary) IHD, DM, disc & epidu- refractory  admission Iy w/ improvement
spinalOM  melanoma ral abscess OM & antibiotic in pain control;
atT-4 therapy developed relapse
1 mo later
3 41,M laminectomy spinalOM  HTN;post- incision & L1-2 VB adjunct 1wk postop OM & wound infec- 6 mos
&PSinser- & postop traumatic drainage; w/ epidural tion resolved
tion wound infec- paraplegia ~ WVP spread & bi-
tion w/ T-5 level lateral psoas
abscesses
4 31,F pstdecom-  postop deep thoracic incision & T12-1L3 chronic, 1 wk postop  wound infection 3yrs
pression; T-9 wound infec- chondrosar-  drainage; paraspinal  refractory healed completely
arthrodesis;  tion coma WVP abscess oM
T-6 & T-7 PS
placement
5 81,F L4-5 spinal OM osteoporo- irrigation &  L3-4 disc adjunct 2 days OM resolved; 2yrs
facetectomy & postop sis, PUD, debridement; space & postop improvement in
& posterior  wound infec- hypothyroid-  hardware epidural ab- neurological deficit
fusion w/ al- tion ism removal; Scess; psoas & local wound pain
lograft WVP abscess
6 44, F 13-4 &L4-5 spinal OM DM, HTN, incision & L3-5 disc adjunct 1 wk postop  OM resolved & 2yrs
PLIF; L3-5 & postop OA drainage; space & improved wound
PS fixation  wound infec- hardware epidural healing
tion revision; abscess
WVP

* Abbreviations: COPD = chronic obstructive pulmonary disease; DM = diabetes mellitus; HTN = hypertension; IHD = ischemic heart disease;
OA = osteoarthritis; OM = osteomyelitis; PLIF = posterior lumbar interbody fusion; PUD = peptic ulcer disease; PS = pedicle screw; VB = vertebral body;

WVP = wound vacuum placement.

t Assessed based on erythrocyte sedimentation rate, C-reactive protein levels, white blood cell count, and interval imaging results.

Discussion

Infection cure was achieved in 5 of 6 of our patients
with spinal osteomyelitis who underwent HBO therapy,
which suggests a role for HBO therapy as an adjunctive
approach in the management of complicated spinal os-
teomyelitis. Our results demonstrate the efficacy of HBO
therapy in patients with spinal osteomyelitis complicated
by primary therapy failure or by medical comorbidities
that may impede the eradication of microbial infection
and delay wound healing. A direct comparison of final
outcomes in patients with spinal osteomyelitis who un-
dergo HBO therapy versus those who undergo treatment
with the standard approach involving antibiotic therapy
and aggressive wound care is complicated by several
factors. First, patients with spinal osteomyelitis who are
evaluated for adjunctive HBO therapy may inherently
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reflect a subgroup of patients with complicated infec-
tions caused by medical comorbidities and other risk fac-
tors for poor healing that have hindered infection cure
through standard antimicrobial and/or surgical treatment.
Secondly, even in patients with similar comorbidities, the
local and systemic factors that hinder infection cure and
wound healing vary greatly between individuals. Finally,
the small sample size of this case series makes it difficult
to stratify the risk factors in the patients, which would be
useful for evaluating the efficacy of HBO therapy.
Although antibiotic prophylaxis has reduced the in-
cidence of postoperative infections in neurosurgical pa-
tients who undergo spinal surgery involving instrumenta-
tion, wound infections still complicate 0.2—4.7% of spinal
surgeries.? The standard approach to treating spinal osteo-
myelitis involves aggressive irrigation and debridement
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TABLE 2: Summary of microbiology and pharmacological treatment of primary and postoperative spinal infections*

Case Site for Microbial

No. Microbe Isolate Antimicrobial Therapy & Duration

1 S. aureus blood IV vancomycin for 6 wks; rifampicin & sulfamethoxazole/trimethoprim prophylaxis for
4 wks

2 MRSA blood IV vancomycin for 6 wks; oral doxycycline prophylaxis for lifetime
3 S. aureus blood & wound IV nafcillin for 6 wks
4 S. aureus wound IV nafcillin for 6 wks; oral dicloxacillin prophylaxis for 6 mos
5 coagulase-negative S. aureus ~ wound IV vancomycin for 6 wks; oral doxycycline prophylaxis for lifetime
6 S. aureus wound IV nafcillin for 6 wks

* |V = intravenous; MRSA = methicillin-resistant S. aureus.

of the infection along with administration of microbial
sensitivity guided intravenous antibiotics for 4—-6 weeks."
However, resolution of infection is often impeded by co-
morbid conditions such as diabetes mellitus, peripheral
vascular disease, obesity, and concomitant degenerative
bone disease. Each of these conditions may affect blood
supply, drug penetration through soft tissue and infected
bone, and healing of the involved bone and adjacent soft
tissues.!>7 Patients commonly have > 1 of these comorbid
conditions.

Hyperbaric oxygen therapy is often used as an ad-
junctive modality in the treatment of various musculo-
skeletal and soft-tissue injuries/conditions. Currently, the
Undersea and Hyperbaric Medical Society recommends
the use of HBO therapy for 13 conditions ranging from
soft-tissue infections and poor or delayed wound healing,
to gas embolism and carbon monoxide poisoning.® Com-
mon to all of these conditions is impaired tissue oxygen-
ation.

Hyperbaric oxygen therapy increases local soft-tissue
oxygenation, which improves host defense mechanisms
against infection.® The oxidative bactericidal activity of
neutrophils through superoxide oxygen radicals is sig-
nificantly enhanced with increased tissue oxygen tension.
High oxygen levels also have a direct bactericidal and
bacteriostatic effect and improve the efficacy of antimi-
crobial agents. Hyperbaric oxygen therapy also elevates
the partial pressure of oxygen in bone, which enhances
healing by promoting osteogenesis, neovascularization,
and collagen production.*!?

Indication for HBO Therapy

Given the central role of tissue hypoxia in the de-
velopment of complicated infections, HBO therapy may
have therapeutic potential in the treatment of spinal os-
teomyelitis. There are published reports on improvement
of chronic limb osteomyelitis with HBO therapy, with
overall success rates of 60—85%.% There are limited pub-
lished data to date that address the efficacy of HBO ther-
apy as an adjunctive modality in the treatment of spinal

19

osteomyelitis. In a subgroup of 7 patients with spinal os-
teomyelitis and wound infections after spine surgery with
instrumentation, HBO therapy enabled infection control
and healing without removal of fixation material in 5.!
A single case report describes the use of HBO therapy to
treat a primary spinal epidural abscess successfully with-
out surgical intervention.!”

The indications for HBO therapy in musculoskele-
tal infections such as foot ulcers in diabetic patients are
based on standard wound classifications (dependent on the
characteristics of the ulcer, depth of tissue involvement,
presence of infection, and peripheral vascular disease).’
In contrast, there are currently no classification systems
in place for assessing the severity of spinal osteomyelitis
that may guide the decision to include HBO therapy as an
adjunctive treatment modality.

Titanium spinal instrumentation does not need to
be removed simply because osteomyelitis is present.'*!
However, the development of spinal osteomyelitis and
deep wound infection may be associated with pseudar-
throsis (failure of fusion), spinal instability, and adverse
neurological outcomes.” In turn, this complication may
necessitate repeated surgical procedures for wound man-
agement and revision of spinal instrumentation with asso-
ciated risks of complications and death. Adjunctive HBO
therapy may facilitate early and rapid infection control
and wound healing, thereby decreasing the need to place
or revise instrumentation. The clinical courses of patients
with spinal osteomyelitis who had a history of previous
spinal surgery were complicated by medical and surgical
comorbidities (see Results). Institution of HBO therapy
enabled infection control and promoted wound healing in
all patients within this subset.

Adverse Effects of HBO Therapy

Hyperbaric oxygen therapy was well tolerated by all
study patients, and no adverse effects were reported. All
patients received myringotomy tubes, which may have al-
leviated the most commonly reported side effects of HBO
therapy: middle ear discomfort and tympanic barotrauma.
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Timing and Duration of HBO Therapy

The optimum timing and duration of HBO therapy
is not well established. In our series, HBO therapy was
instituted in patients with primary spinal osteomyelitis
that persisted despite a course of antimicrobial treatment.
In patients with postoperative spinal osteomyelitis and
wound infections, HBO therapy was instituted within the
first week of surgical intervention for wound irrigation
and debridement.

The appropriate duration of HBO therapy for spinal
osteomyelitis is unclear. Reported treatment regimens for
various conditions typically vary from 20—40 HBO ses-
sions in total."”” All of our patients underwent 30 treatment
sessions. It may be worthwhile to evaluate whether short-
er HBO treatment regimens are effective in managing
spinal osteomyelitis. This may improve overall treatment
compliance and reduce the costs associated with HBO
therapy, given that hyperbaric medicine facilities are not
widely available.

We excluded a single patient from our analysis be-
cause he did not complete a full course of HBO treatment.
This patient received only limited HBO therapy after fail-
ure of initial therapy for primary S. aureus, which includ-
ed surgical debridement and intravenous antibiotics. He
received only 9 sessions of HBO therapy with continued
antibiotic treatment, and at 2-year follow-up period there
was no recurrence of his primary infection.

Transcutaneous Oxygen Measurements

Transcutaneous oximetry has been recommended
as an objective parameter to assess tissue hypoxia and
perfusion when considering or using HBO therapy.” Mea-
surements of oxygen tension at the infection site may aid
in risk stratification of patients who are likely to experi-
ence poor wound healing and delayed infection control,
and who may benefit from HBO therapy. Transcutaneous
oximetry may objectively determine the efficacy of on-
going HBO therapy in improving oxygen tension within
the infection zone, although this has not been studied for
deep paraspinal and spinal infections.!

Conclusions

Despite the absence of randomized control stud-
ies, HBO therapy has consistently been reported as be-
ing beneficial in the treatment of a wide range of condi-
tions.'”!® The present study adds to a growing consensus
on the efficacy of HBO therapy in the management of
spinal osteomyelitis.!! Our results also suggest that HBO
therapy may be effective in patients with osteomyelitis
following failure of primary therapy. Additional reported
experience and the future use of risk scoring systems will
be helpful for identifying subgroups of patients with spi-
nal osteomyelitis that are particularly susceptible to com-
plications or death from infection; it is these individuals
who will benefit the most from adjunctive HBO therapy.
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