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ABSTRACT

OBJECTIVE To explore physicians’ knowledge of and attitudes toward hyperbaric oxygen therapy (HBOT) in
order to better understand current diabetic foot ulcer management practices and to determine potential barriers
to HBOT use.

DESIGN A 24-item questionnaire.

SETTING Primary Care Today conference in Toronto, Ont, in May of 2006.
PARTICIPANTS Physician attendees, 313 of whom completed the survey.

MAIN OUTCOME MEASURES Self-reported knowledge of and attitudes toward HBOT.

RESULTS Less than 10% of respondents had a good knowledge of HBOT, but 57% had a good attitude toward
HBOT. Knowledge of and attitude toward HBOT were positively correlated (P<.0001). Good knowledge of HBOT
was associated with sex (P=.0334), age younger than 40 years (P=.0803), years in medical practice (P=.0646),
patient requests for HBOT referrals (P=.0127), and having previously referred patients for HBOT (P<.001).
Twenty years or more in medical practice (P=.0593) and receiving patient requests for HBOT (P=.0394) were
multivariate predictors of having good knowledge of HBOT. Good attitude toward HBOT was associated with
age younger than 40 years (P=.0613) and having previously referred patients for HBOT (P=.0013). Multivariate
analysis showed that male physicians (P=.0026) received more patient requests for HBOT (P<.0001), had good
knowledge (P=.0129) and a good attitude (P=.0488), and were more likely to refer patients for HBOT.

CONCLUSION Primary care physicians have EDITOR'S KEY POINTS

underdeveloped knowledge of HBOT, but their generally > Ty een ey CEoT) b an e

positive attitudes toward its use suggest that they might } :

be receptive to educational interventions. Educating t.reatment that reduces the risk of m.aJor amput.a—

both physicians and patients about HBOT, specifically its tht’?S olllomting i Aevelopment ©F B cﬁa—

cost-effectiveness, might encourage future use. bet.lc foot ulcers (DFQS). Cont.rary to conservative
belief, recent economic analysis reports that HBOT

is more cost-effective than standard care; however,
HBOT is substantially underused in Canada.

e Optimal treatment and appropriate referral for
HBOT depends on primary care physicians' knowl-
edge of and attitudes toward this treatment. This
study aimed to explore these factors.

e Although few physicians had good knowledge of
HBOT, their fairly positive attitudes toward its use
suggested that they would be receptive to further
education on the subject. However, such educa-
tional interventions would not address the under-
lying problem of access, as there is currently an
inadequate number of HBOT chambers in Canada to
effectively treat all patients with DFUs.

e At present, amputation is the standard of care in
Canada for nonhealing DFUs. With improved treat-
ment access and effective educational interventions,
HBOT should make the limb-sparing and cost-saving

This article has been peer reviewed. contributions that the literature suggests are possible.
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Oxygénothérapie hyperbare
pour l'ulcere diabetique du pied
Connaissances et attitudes des médecins de premiére ligne au Canada

Wayne Evans mp  Richard Gill Aurelia O. Valiulis Ted S. Sosiak mp

Wendy Lou php

OBJECTIF Déterminer ce que les médecins savent et ce qu'ils pensent de I'oxygénothérapie hyperbare (OTHB)
afin de mieux comprendre les facons actuelles de traiter l'ulcére du pied diabétique et de déterminer les

obstacles potentiels a l'utilisation de I'OTHB.

TYPE D'ETUDE Un questionnaire de 24 items.

CONTEXTE La conférence Primary Care Today a Toronto, en mai 2006

PARTICIPANTS Médecins participants, dont 313 ont complété le questionnaire.

PRINCIPAUX PARAMETRES A L'ETUDE Auto-déclarations concernant leurs connaissances et attitudes envers

I'OTHB.

RESULTATS Moins de 10% des répondants avaient une bonne connaissance de I'PTHB, mais 57 % avaient une
attitude favorable envers ce traitement. Il existait une corrélation positive entre connaissance de I'OTHB et
attitude envers ce traitement (P<,0001). Une bonne connaissance de I'OTHB était associée a des facteurs tels

que:sexe (P=,0334), age inférieur a 40 ans (P=,0803),
nombre d'années de pratique (P=,0646), demandes des
patients pour avoir ce traitement (P=,0127) et avoir déja
dirigé des patients en OTHB (P<,001). Le fait d’avoir 20
ans ou plus de pratique médicale (P=,0593) et d'avoir eu
des demandes d’OTHB de la part de patients (P=,0394)
constituaient des indicateurs multifactoriels d'une
bonne connaissance de I'OTHB. Une bonne attitude
envers I’OTHB était associée au fait d’avoir moins de

40 ans (P=,0613) et d'avoir d¢ja dirigé des patients en
OTHB (P=,0013). L'analyse multifactorielle a révélé

que les médecins males (P=,0026) avaient recu plus de
demandes d’OTHB de leurs patients (P<,0001), avaient
une bonne connaissance (P=,0129) et une attitude
positive (P=,0488) et étaient plus susceptibles de diriger
des patients en OTHB.

CONCLUSION Les médecins de premiére ligne ont une
connaissance insuffisante de I'OTHB, mais leur attitude
généralement positive envers ce traitement suggere
qu'ils seraient réceptifs a des interventions formatrices.
Instruire médecins et patients sur I'OTHB, notamment
sur son rapport colit-bénéfice, pourrait promouvoir son
utilisation future.

POINTS DE REPERE DU REDACTEUR

+ L'oxygénothérapie hyperbare (OTHB) est un traite-
ment d'appoint qui réduit le risque d'amputation
majeure en cas d'ulcere ischémique du pied diabé-
tique (UPD). A I'encontre des croyances conserva-
trices, une analyse récente montre que I'OTHB a un
meilleur rapport colt-bénéfice que le traitement
conservateur; toutefois, I'OTHB est grandement
sous-utilisée au Canada.

» Un traitement optimal et une demande appropriée
pour utiliser I'OTHB dépendent des connaissances
des médecins de premiére ligne sur I'OTHB et de leur
attitude envers ce traitement. Cette étude voulait
examiner ces derniers facteurs.

 Méme si peu de médecins connaissaient bien
I'OTHB, leur attitude généralement positive envers
son utilisation laisse croire qu'ils seraient disposés
a en apprendre davantage sur ce sujet. De telles
sessions de formation ne résoudraient toutefois
pas le probléme sous-jacent d'acces, puisqu'il n'y
a pas suffisamment de chambres hyperbares au
Canada pour traiter efficacement tous les patients
souffrant d'UPD.

e Actuellement au Canada, le traitement standard
pour I'UPD réfractaire est I'amputation. Un meilleur
acces a I'OTHB et des sessions de formation efficaces
devraient permettre de conserver des membres et de

Cet article a fait I'objet d'une révision par des pairs.
Can Fam Physician 2010;56:444-52

réduire les colits, comme le suggere la littérature.
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evelopment of lower limb ulcers is a serious com-
Dplication of diabetes, affecting 15% of all patients

with diabetes over the course of the disease'? and
accounting for 20% of diabetes-related hospital admis-
sions in North America.>®* Management of lower limb
ulcers, commonly known as diabetic foot ulcers (DFUS),
has traditionally involved surgical referral, which might
lead to resultant limb loss via amputation. The prob-
lem often escalates because of excessive postamputation
pressure on the remaining limb. Contralateral amputa-
tion occurs an average of 2 years later.” Subsequent post-
amputation mortality rates can be as high as 50% after 3
years and rise to 70% after 5 years.®'

A recent systematic review of hyperbaric oxygen
therapy (HBOT) in the management of chronic wounds
revealed that adjunctive HBOT reduces the risk of major
amputations among patients with diabetes.' In HBOT,
systemically applied pharmacologic doses of oxygen
(ie, breathing 100% oxygen at greater than 1.4 atm) are
delivered via perfusion to all tissues. Poorly perfused tis-
sue therefore receives some oxygen through diffusion,
yet an oxygen concentration gradient between hypoxic
and perfused tissue is established. The macrophages are
sensitive to this gradient, producing angiogenic factors
in response to the hypoxic signal. This is but one vas-
culogenic process augmented by the oxidative stress of
HBOT; others include vascular endothelial growth fac-
tor production,'® mobilization of endothelial progenitor
stem cells, and thioredoxin activation (which leads to
elevations of hypoxia-inducible factors 1 and 2).'® This
initiation of vascular repair can be seen clinically as
improved wound healing.

A recent report by the Canadian Agency for Drugs
and Technologies in Health (CADTH) concluded that
HBOT for DFUs is cost-effective compared with stan-
dard methods of care.!”'® In spite of this, limb salvage by
adjunct HBOT is rarely used by Canadian primary health
care providers, who provide most of the health care
for patients with diabetes.!” With the rising incidence
of diabetes mellitus in North America?*?! it is becom-
ing increasingly important for primary care physicians
to update their knowledge of both this disease and the
management of its comorbidities, including the benefits
of such relatively new therapies as HBOT.

Guo et al?? recently identified factors that influenced
American wound care specialists’ adoption of HBOT in
the treatment of chronic wounds. In order to elucidate
similar information in the Canadian physician popula-
tion, we administered surveys about HBOT to primary
care physicians at one of the largest annual medical
conferences in the country. The purpose of this study is
to explore the prevailing knowledge base and attitude
trends regarding HBOT in a sample of primary care pro-
viders in order to identify potential barriers to its use, as
well as to gauge physicians’ receptiveness to this ther-
apy. Further, discovery of knowledge gaps and negative

attitude predictors will help to identify physicians who
would benefit most from future educational efforts. If
physicians’ knowledge of and attitudes toward HBOT are
improved, patients will be more likely to receive optimal
care and avoid devastating lower limb amputation.

METHODS

Sample selection and exclusion criteria

The study was conducted at the medical conference
Primary Care Today in May 2006. The 24-item question-
naire was distributed to 818 attendees, which included
both physicians and nonphysicians. Questionnaires
were excluded if respondents did not identify them-
selves as physicians.

The questionnaire was adapted from that of Guo et al,*
who assessed American wound care specialists’ knowl-
edge of HBOT. The survey was pretested on 5 health care
providers and further refined based on their feedback.

Survey instrument
Physician characteristics ascertained in the first section
of the questionnaire included year of graduation, health
care field, sex, age, practice postal code, and practice
setting. The second section pertained to respondents’
sources of medical knowledge, referral patterns, and
monthly volume of wound-care patients. The third sec-
tion contained 3 items that addressed respondents’ self-
reported knowledge of HBOT, which was measured using
a 5-point Likert scale. For the purposes of statistical
analyses, the answers to these 3 questions were com-
piled into 1 composite score as an overall measure of
familiarity or knowledge, a decision supported by both
reliability analysis (Cronbach o =0.82 for internal consis-
tency) and factor analysis (74% of the variance explained
by 1 factor). The composite score was further dichoto-
mized as “more than somewhat knowledgeable” if the
value was greater than 3.5 or as “otherwise” if less than
3.5. “Good physician knowledge” was therefore defined
as a composite familiarity score in excess of 3.5.
Respondents’ attitudes toward HBOT as an adjunct
treatment of chronic DFUs were assessed in the same
manner. Scores from 5 questions about attitude toward
HBOT were compiled into 1 composite score as an
overall measure of attitude toward HBOT, a decision
supported by reliability analysis (Cronbach a=0.91 for
internal consistency) and factor analysis (75% of the
variance explained by 1 factor). The composite score
was dichotomized as “agree or more” if it exceeded 3.5.
Hence, “good physician attitude” was also defined as a
composite score in excess of 3.5.

Heat maps
Ontario has been regionally divided into Local Health
Integration Networks (LHINs) to geographically
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consolidate fiscal management of health care.?* Heat
maps showing the relative proportion of physicians with
good knowledge of or attitudes toward HBOT in each
LHIN were made using ArcGIS version 9.

Analysis

Statistical Analysis Software version 9.1 for Windows
was used for statistical analysis. Descriptive data were
presented as frequencies and percentages; y? analysis,
Fisher exact tests, and multiple logistic regression mod-
els were used to identify predictors of good physician
knowledge of and attitudes toward HBOT. Statistical sig-
nificance was set at P<.05.

RESULTS

Of the 818 conference attendees who received ques-
tionnaires, 451 (55.1%) responded; of those, 126 surveys
(15.4%) were excluded because they were completed by
nonphysicians. An additional 12 surveys (1.5%) were
excluded because the responding physicians did not
complete the portion of the survey on HBOT. In total,
313 questionnaires (38.3%) were retained for analysis.

Research

The respondents’ median age was 46 years, and
about half of respondents were female. More than 80%
of respondents indicated that they were family physi-
cians. Most (90.3%) practised in urban communities,
and 77.0% saw 5 or fewer wound care patients per
month (Table 1). When asked to report their prac-
tice locations, 79.2% (248) of the respondents provided
Ontario postal codes, 13.4% (42) provided postal codes
from outside of Ontario, and 7.4% (23) did not provide
postal codes.

For the 3 subjective knowledge questions, the physi-
cians were asked to assess their familiarity with HBOT.
Most respondents (mean score 60.7%, range 52.7% to
69.3%) indicated that they had little or no knowledge of
HBOT (Table 2).

For 5 of the 6 questions about physicians’ attitudes
toward HBOT, most respondents (mean 58.9%, range
56.2% to 65.8%) exhibited a positive attitude by agree-
ing or strongly agreeing with the provided statements.
The remaining attitude question pertained to the cost-
effectiveness of HBOT. Only 32.9% of respondents
agreed or strongly agreed that HBOT was cost-effec-
tive, while most (62.9%) neither agreed nor disagreed
(Table 3).

Table 1. Respondents' subjective knowledge of and attitudes toward HBOT in wound care: N=313, but not all

categories add to 313 owing to missing data.

GOOD POOR
RESPONDENTS, KNOWLEDGE, KNOWLEDGE, GOOD ATTITUDE,  POOR ATTITUDE,
PREDICTOR N (%) N (%) N (%) PVALUE N (%) N (%) PVALUE
Sex
» Male 156 (49.8) 20 (12.8) 136 (87.2) .0334 95 (60.9) 61 (39.1) .1903
» Female 157 (50.2) 9 (5.8) 146 (94.2) 83 (53.5) 72 (46.5)
Age, y
e <40 99 (31.6) 5(5.1) 94 (94.9) .0803 49 (49.5) 50 (50.5) .0613
e >40 214 (69.7) 24 (11.2) 190 (88.8) 130 (60.7) 84 (39.3)
Years in medical practice
* <20 148 (47.3) 9 (5.7) 147 (94.2) .0646 89 (57.1) 67 (42.9) .8043
*>20 162 (51.8) 18 (11.7) 136 (88.3) 90 (58.4) 64 (41.6)
No. of wound care patients per month
e <5h 241 (77.0) 22 (9.1) 219 (90.9) .8788 134 (55.6) 107 (44.4) 2993
e>5 72 (23.0) 7(9.7) 65 (90.3) 45 (62.5) 27 (37.5)
Practice community
 Urban 260 (90.3) 23 (8.8) 237 (91.2) >.99 142 (54.6) 118 (45.4) .0884
e Rural 28 (9.7) 2 (7.1) 26 (92.9) 20 (71.4) 8 (28.6)
Patients requesting HBOT
* No 279 (89.4) 22 (7.9) 257 (92.1) .0127 156 (55.9) 123 (44.1) .1300
* Yes 33 (10.6) 7(21.2) 26 (78.8) 23 (69.7) 10 (30.3)
Previous physician HBOT referral
* No 268 (85.9) 16 (6.0) 252 (94.0) <.001 144 (53.7) 124 (46.3) .0013
* Yes 44 (14.1) 13 (29.5) 31 (70.5) 35 (79.5) 9 (20.5)

HBOT—hyperbaric oxygen therapy.
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Table 2. Respondents’ subjective knowledge of HBOT: N=313.

FAMILIARITY
LITTLE OR NOT AT ALL, QUITE A BIT OR
TOPIC N (%) SOMEWHAT, N (%)  VERY MUCH, N (%)
The therapeutic mechanisms of HBOT in wound healing 165 (52.7) 117 (37.4) 31(9.9)
The potential risks (eg, barotrauma, seizure, hypoglycemia) associated 217 (69.3) 79 (25.2) 17 (5.4)
with using HBOT
The pre-existing conditions (eg, pneumothorax, pharyngotympanic tube 188 (60.1) 77 (24.6) 48 (15.3)

dysfunction, high fevers) that contraindicate HBOT

HBOT—hyperbaric oxygen therapy.

Table 3. Respondents’ attitudes toward use of HBOT in wound care: N=313.

STATEMENT STRONGLY DISAGREE NEITHER AGREE NOR STRONGLY AGREE OR
OR DISAGREE, N (%) DISAGREE, N (%) AGREE, N (%)

It is effective 6 (1.9) 125 (39.9) 182 (58.1)

It is cost-saving 13 (4.2) 197 (62.9) 103 (32.9)

It is safe 4(1.3) 131 (41.9) 178 (56.9)

It decreases the chance of major lower-extremity amputation 5 (1.6) 132 (42.2) 176 (56.2)

It reduces healing time 5(1.6) 102 (32.6) 206 (65.8)

Overall, it is very beneficial 3 (1.0) 131 (41.9) 179 (57.2)

HBOT—hyperbaric oxygen therapy.

Demographic factors that correlated with good
knowledge of HBOT (Table 1) included male sex
(P=.0334), having received patient requests for HBOT
referrals (P=.0127), and having previously referred
patients for HBOT (P<.001). Positive attitude toward
HBOT was significantly associated with having referred
patients for HBOT (P=.0013).

Respondents indicated that they update their med-
ical knowledge using the following sources: medi-
cal journals and websites (97.8%), lectures and grand
rounds (62.6%), nonmedical websites (46.6%), col-
leagues (27.2%), news media (25.6%), patients (12.1%),
formal diver training courses (10.2%), and formal hyper-
baric courses (2.2%). The last 2 sources were specifically
included in the survey to investigate whether seeking
information on HBOT was a priority for respondents

when building upon their medical knowledge. Formal
hyperbaric courses (P=.0195), formal diving courses
(P=.0094), and news media (P=.0125) were significantly
related to good knowledge of HBOT. The only sources
of medical knowledge significantly associated with good
attitude toward HBOT were lectures and grand rounds
(P=.046).

Overall, less than a tenth of the physicians surveyed
exhibited good knowledge of HBOT, although 57.2%
had a positive attitude toward it. Knowledge and atti-
tude were significantly correlated (P=.0115). Nearly half
(49.8%) of respondents exhibited poor knowledge but
good attitude (Table 4).

Multivariate analysis of respondents’ knowledge of
HBOT revealed that physicians who had practised for
at least 20 years were more than twice as likely to have

Table 4. Correlation between respondents’ subjective knowledge of and their attitudes toward the use of HBOT in

wound care: N=313; P=.0115.

ATTITUDE
GOOD POOR

% OF KNOWLEDGE % OF KNOWLEDGE
KNOWLEDGE N CATEGORY % OF TOTAL N CATEGORY % OF TOTAL
Good (n=29) 23 79.3 6 20.7 1.9
Poor (n=284) 156 54.9 49.8 128 45.1 40.9
Table 5. Multivariate analysis of respondents’ subjective knowledge of HBOT
INDEPENDENT VARIABLE ESTIMATE STANDARD ERROR ADJUSTED OR 950 CI* PVALUE
Years in practice (>20) 0.4437 0.2352 2.429 0.966-6.107 .0593
Referral request (yes) 0.5407 0.2624 2.949 1.054-8.249 .0394

Cl—confidence interval, HBOT—hyperbaric oxygen therapy, OR—odds ratio.
*Calculated using the Wald statistical test.
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good knowledge of HBOT. Physicians whose patients

had requested referrals for HBOT were nearly 3 times DISCUSSION

more likely to be knowledgeable about HBOT (Table 5).

Further, a patient request was strongly associated with Primary care physicians are the principal managers of
subsequent HBOT adoption in primary care practice the health care of patients with diabetes and, along
(Table 6). with surgeons, are responsible for more than 70% of

Table 6. Variables associated with adoption of HBOT in primary care practice

INDEPENDENT VARIABLE ESTIMATE STANDARD ERROR  ADJUSTED OR 950 CI* PVALUE
Knowledge (good) 0.7013 0.2910 4,066 1.300-12.720 .0158
Attitude (good) 0.4645 0.2402 2.532 0.988-6.491 .0531
Sex (male) 0.6597 0.2519 3.741 1.394-10.043 .0088
Years in practice (>20) 0.1549 0.2244 1.363 0.566-3.286 4901
No. of wound care patients per week (> 5) 0.0937 0.2434 1.206 0.464-3.132 .7004
Community (LHIN) 0.1910 0.3379 1.465 0.390-5.510 .5719
Referral request by patients (yes) 1.5098 0.2541 20.484 7.565-55.466 <.0001

Cl—confidence interval, HBOT—hyperbaric oxygen therapy, LHIN—Local Health Integration Network, OR—odds ratio.
*Calculated using the Wald statistical test.

Figure 1. Sources of referrals for HBOT: Percentages and thickness of dark blue arrows represent the proportion
of direct referrals to the Hyperbaric Medicine Unit at Toronto General Hospital from different health care provid-
ers, between 2004 and 2007; light blue arrows represent indirect referrals.*

Family
physician®
Internal
Surgeon medicine DU Chiropodist
centre’
specialist’
35% 17% 35% 10% 3%

Hyperbaric Medicine Unit

HBOT—hyperbaric oxygen therapy.

*A.W.E., unpublished data, 2007.

*Can include extended primary care team: nurses, dieticians, etc.
*Nephrologists, infectious disease specialists, endocrinologists, etc.
*Including dermatologists.
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referrals for HBOT (Figure 1). Yet only 10% of the sur-
veyed physicians exhibited good knowledge of HBOT—a
limb-salvaging therapy for some patients. Despite
their poor knowledge of HBOT, however, nearly half
of such respondents still demonstrated a positive atti-
tude toward the therapy, suggesting that these physi-
cians might be receptive to educational interventions.
Improved knowledge of HBOT could encourage physi-
cians to consider HBOT as a treatment option for their
patients and increase the likelihood of patient referral.

Owing to the scarcity of hyperbaric oxygen cham-
bers in Canada and the lack of formal HBOT training at
Canadian medical schools, physicians must actively seek
information when interested in this treatment. Consistent
with this notion, participation in either HBOT courses
or diving courses was correlated with good knowledge
of HBOT. More specific continuing medical education
events that make HBOT information more easily acces-
sible could help remedy this knowledge deficit.

Physicians who have been in practice for 20 years or
more possessed better knowledge of HBOT, likely because
there was more opportunity for exposure to HBOT over
the course of a relatively longer career. Additionally, phy-
sicians who received patient requests for referral for
HBOT displayed a higher level of knowledge because they
were likely motivated to learn more about the treatment.
Educating patients about HBOT (eg, including information

Hyperbaric oxygen therapy and diabetic foot ulcers

about HBOT in brochures for patients with diabetes) might
help to introduce HBOT to physicians earlier in the course
of their patients’ care, encouraging physicians to learn
about and use this treatment.

Interestingly, physicians who practised in LHINs that
contain both HBOT chambers and medical schools were
found to have better knowledge of and attitudes toward
HBOT than those who practised in other LHINs (Figures
2 and 3). Exposing medical students to nearby HBOT
chambers might foster better knowledge of and attitudes
toward the therapy among future doctors. Encouraging
such early exposure might also remedy the apparent
discrepancy between the knowledge of younger phy-
sicians and that of physicians who have practised for
20 years or more. Accordingly, creation of a Canadian
residency in hyperbaric medicine should also be a long-
term objective.

Although the physicians surveyed generally showed
enthusiasm about HBOT, they were somewhat undecided
when asked about its cost-effectiveness. A recent health
technology assessment report by CADTH concluded that
HBOT for DFUs is indeed cost-effective compared with
standard care.'”!® The misconception that HBOT is an
expensive burden to the health care system might be par-
tially responsible for the reluctance to refer patients for
this treatment and is a topic that should be addressed as
part of educational interventions.

Figure 2. Relative proportion of physicians in each Local Health Integration Network with a good knowledge of
HBOT: Squares (m) indicate the presence of a hyperbaric medicine unit; diamonds (#) indicate the presence of a

medical school and teaching hospitals.

Southern Ontario

>
Tobermory B
— _"'I London #
—
i 'l Windaor B
3
Minimum Maximum

HBOT—hyperbaric oxygen therapy.

Northern Ontario

*The city of Windsor does not have a hyperbaric medicine unit; physicians there often refer patients for treatment in nearby Detroit, MI.
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Figure 3. Relative proportion of physicians in each Local Health Integration Network with a good attitude toward
HBOT: Squares (m) indicate the presence of a hyperbaric medicine unit; diamonds () indicate the presence of a

medical school and teaching hospitals.

| Oitawa me

Southern Ontario

Tobermory B

HBOT—hyperbaric oxygen therapy.

L 1 IO
N
-ty

Northern Ontario

*The city of Windsor does not have a hyperbaric medicine unit; physicians there often refer patients for treatment in nearby Detroit, MI.

Although correcting the aforementioned knowl-
edge gaps is a crucial step toward optimizing manage-
ment of DFUSs, the key obstacle that must ultimately be
overcome is lack of access to HBOT. There are more
than 500 HBOT facilities in the United States, while the
authors estimate that there are perhaps 20 in Canada.
As a result, HBOT wait times escalate, likely contribut-
ing substantially to its underuse. The CADTH report sug-
gests that 179 monoplace chambers or 19 multiplace
chambers need to be built across Canada in order to
treat all prevalent DFU cases in Canada.'”'® Until a large
number of HBOT treatment centres are constructed to
effectively manage the rising number of DFU cases, the
suggested educational interventions will not address the
underlying problem of access. However, educating phy-
sicians and their patients is an important first step that
will empower and motivate them to lobby policy mak-
ers so that implementation and provision of new HBOT
units becomes a priority.

Limitations

The study population consisted of the Canadian primary
care physicians who attended this particular conference
and voluntarily completed the survey. As such, it was
not necessarily representative of all Canadian physi-
cians, particularly those outside of Ontario where the
conference took place. In addition, when investigating

patient referral it is important to note that not all phy-
sicians see patients for whom referral for HBOT would
be appropriate. Nevertheless, we are confident that the
overwhelming lack of knowledge with respect to HBOT
in Canada is certainly a reality.

Conclusion

Canadian primary care physicians appear to have lit-
tle or no knowledge of HBOT and its mechanisms of
action, contraindications, or adverse effects. As primary
care physicians manage the bulk of the health care for
patients with diabetes, it is imperative that their knowl-
edge of HBOT be improved so that DFUs are treated
optimally.

Despite their lack of knowledge, however, Canadian
physicians’ fairly positive attitude toward HBOT sug-
gests that they would be receptive to further education
on the subject. Interventions in medical schools and
continuing medical education events might improve
Canadian physicians’ knowledge of HBOT and cor-
rect misconceptions, particularly those related to cost.
Patient education strategies should also be expanded so
that knowledgeable patients can encourage their physi-
cians to seek out information about HBOT.

At present, amputation is the standard of care in
Canada for nonhealing DFUs. With improved treatment
access and effective educational interventions, HBOT

VOL 56: MAY + MAI 2010 Canadian Family Physician - Le Médecin de famille canadien 451




Research

should make the limb-sparing and cost-saving contribu-
tions that the literature suggests are possible. [ 3

Dr Evans is a consultant in the Hyperbaric Medicine Unit at Toronto General
Hospital in Ontario and an Assistant Professor in the Department of Anesthesia
at the University of Toronto. Mr Gill is a graduate student in the Department of
Epidemiology at the Mailman School of Public Health at Columbia University
in New York, NY. Ms Valiulis is a medical student in the Schulich School of
Medicine and Dentistry at the University of Western Ontario in London. Dr Lou
is a Professor of Biostatistics and Statistics in the Dalla Lana School of Public
Health at the University of Toronto. Dr Sosiak is a consultant in the Hyperbaric
Medicine Unit at Toronto General Hospital .

Acknowledgment

This study was supported by the Adrian and Reta Hudson Fund at the Toronto
Community Foundation. We also thank the Primary Care Today conference
directors, the volunteers who facilitated survey administration, and all subjects
who agreed to be surveyed.

Contributors
All authors contributed to concept and design of the study; data gathering,
analysis, and interpretation; and preparing the manuscript for submission.

Competing interests
None declared

Correspondence
Ms Aurelia O. Valiulis, 514-595 Proudfoot Ln, London, ON N6H 4S1; telephone
519 860-9454; e-mail avaliulis2011@meds.uwo.ca

References

1. American Diabetes Association. Consensus development conference on
diabetic foot wound care. 7-8 April 1999, Boston, MA. Adv Wound Care
1999;12(7):353-61.

2. Pham H, Armstrong DG, Harvey C, Harkless LB, Giurini JM, Veves A.
Screening techniques to identify people at high risk for diabetic foot ulcer-
ation: a prospective multicenter trial. Diabetes Care 2000;23(5):606-11.

3. Bild DE, Selby JV, Sinnock P, Browner WS, Braveman P, Showstack JA.
Lower-extremity amputation in people with diabetes. Epidemiology and pre-
vention. Diabetes Care 1989;12(1):24-31.

4. Frykberg RG, Veves A. Diabetic foot infections. Diabetes Metab Rev
1996;12(3):255-70.

5. Gibbons G, Eliopoulos G. Infections of the diabetic foot. In: Kozak GP,
Campbell DR, Frykberg R, editors. Management of diabetic foot problems. 2nd
ed. Philadelphia, PA: WB Saunders; 1995. p. 121.

6. Reiber GE. Epidemiology of the diabetic foot. In: Levin M, O'Neal L, Bowker
J, editors. The diabetic foot. 5th ed. St Louis, MO: Mosby Yearbook; 1993. p.
1-15.

7. Anderson SP. Dysvascular amputees: what can we expect? J Prosthet Orthot
1995;7(2):43-50.

8. Levin M, O'Neal L, Bowker J, editors. The diabetic foot. 5th ed. St Louis, MO:
Mosby Yearbook; 1993.

X X% X

Hyperbaric oxygen therapy and diabetic foot ulcers

9. Goldner MG. The fate of the second leg in the diabetic amputee. Diabetes
1960;9:100-3.

10. Lee JS, Lu M, Lee VS, Russell D, Bahr C, Lee ET. Lower-extremity amputa-
tion. Incidence, risk factors, and mortality in the Oklahoma Indian Diabetes
Study. Diabetes 1993;42(6):876-82.

11. Most RS, Sinnock P. The epidemiology of lower extremity amputations in
diabetic individuals. Diabetes Care 1983;6(1):87-91.

12. Reiber GE, Boyko EJ, Smith DG. Lower extremity foot ulcers and amputa-
tions in diabetes. In: Diabetes in America. 2nd ed. Bethesda, MD: National
Institutes of Health, National Institute of Diabetes and Digestive and Kidney
Diseases; 1995. p. 409-28. Available from: http://diabetes.niddk.nih.gov/
dm/pubs/America/pdf/chapter18.pdf. Accessed 2010 Mar 25.

13. Whitehouse FW, Jurgensen C, Block MA. The later life of the diabetic ampu-
tee. Another look at fate of the second leg. Diabetes 1968;17(8):520-1.

14. Roeckl-Wiedmann I, Bennett M, Kranke P. Systematic review of hyperbaric
oxygen in the management of chronic wounds. BrJ Surg 2005;92(1):24-32.
15. Fok TC, Jan A, Peel SA, Evans AW, Clokie CM, Sandor GK. Hyperbaric oxy-
gen results in increased vascular endothelial growth factor (VEGF) protein
expression in rabbit calvarial critical-sized defects. Oral Surg Oral Med Oral

Pathol Oral Radiol Endod 2008;105(4):417-22. Epub 2008 Feb 21.

16. Milovanova TN, Bhopale VM, Sorokina EM, Moore JS, Hunt TK, Hauer-
Jensen M, et al. Hyperbaric oxygen stimulates vasculogenic stem cell growth
and differentiation in vivo. J Appl Physiol 2009;106(2):711-28. Epub 2008 Nov
20.

17. Chuck AW, Hailey D, Jacobs P, Perry DC. Cost-effectiveness and budget
impact of adjunctive hyperbaric oxygen therapy for diabetic foot ulcers. Int J
Technol Assess Health Care 2008;24(2):178-83.

18. Hailey D, Jacobs P, Perry DC, Chuck A, Morrison A, Boudreau R. Adjunctive
hyperbaric oxygen therapy for diabetic foot ulcer: an economic analysis.
Technology Report No. 75. Ottawa, ON: Canadian Agency for Drugs and
Technologies in Health; 2007. Available from: www.cadth.ca/media/
pdf/274_HBOT_tr_e.pdf. Accessed 2010 Mar 25.

19. Jaakkimainen L, Shah BR, Kopp A. Sources of physician care for people
with diabetes. In: Hux J, Booth G, Slaughter P, Laupacis A, editors. Diabetes in
Ontario. An ICES practice atlas. Toronto, ON: Institute for Clinical Evaluative
Sciences; 2003. p. 181-92. Available from: www.ices.on.ca/file/DM_
Chapter9.pdf. Accessed 2010 Mar 25.

20. Mokdad AH, Bowman BA, Ford ES, Vinicor F, Marks JS, Koplan JP. The
continuing epidemics of obesity and diabetes in the United States. JAMA
2001;286(10):1195-200.

21. Mokdad AH, Ford ES, Bowman BA, Nelson DE, Engelgau MM, Vinicor F, et
al. Diabetes trends in the U.S.: 1990-1998. Diabetes Care 2000;23(9):1278-83.

22. Guo S, Counte MA, Schmitz H, Wu HS. Physician adoption of hyperbaric
oxygen therapy in the treatment of chronic wounds. Ostomy Wound Manage
2005;51(10):46-58.

23. Ontario Ministry of Health and Long-Term Care [website]. Local Health
System Integration Act, 2006. Frequently asked questions about LHINs. Toronto,
ON: Ministry of Health and Long-Term Care; 2009. Available from: www.
health.gov.on.ca/english/public/legislation/lhins/lhins_faq.html.
Accessed 2010 Mar 25.

452 canadian Family Physician - Le Médecin de famille canadien VOL 56: MAY - MAI 2010



