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Article history: Objectives: A multidisciplinary team developed an evidence-based guideline for the man-

Accepted 5 August 2014 agement of foot burns occurring in diabetic patients that included transcutaneous oxygen
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Keywords: patients. This report represents an evaluation of preliminary TCOM/HBOT data.

Diabetes Methods: This is a retrospective review of patients with diabetes mellitus (DM) who were

Foot burns admitted to a single American Burn Association (ABA) verified burn center for the treatment

Practice guideline of foot burns. Patients were treated via the guideline if they were over the age of 16, admitted

for the initial care of burns involving the feet between 4/01/2012 and 7/22/2013, and had a
known or new diagnosis of DM.
Results: Eighteen patients were treated according to the guideline, 14 men and 4 women.
Average age was 54 years + 14.78. Average BMI was 30.63 + 6.34. Median burn size was 0.88%
TBSA (median partial thickness of 1% and median full thickness of 0.5%). The average HbAlc
was 9.08 + 2.42. Seven patients received pre-operative HBOT, two received post-operative
HBOT and three patients healed their wounds with HBOT alone. Average hospital length of
stay was 13.39 days +9.94 and was significantly longer for the group receiving HBOT.
Admission HbAlc was not a predictor of the need for HBOT.
Conclusions: While TCOM/HBOT therapy has not been widely applied to the management of
diabetic foot burns, the use of an evidence-based guideline incorporating TCOM/HBOT can
provide a systematic way to evaluate the patients’ microcirculation and ability to heal burns
of the foot. The incorporation of TCOM determination and application of HBOT in selected
patients with DM and burns of the feet warrant continued study.
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diabetes mellitus (DM) threshold of >6.5% [1]. Of that group,
27% have suffered burns to their feet. To provide efficient and
effective care to this group of patients, a multidisciplinary
At our American Burn Association (ABA) verified burn center team consisting of physician specialists in burn, plastic and
18% of patients admitted for the treatment of burns are podiatric surgery, endocrinology, and hyperbaric medicine
diabetic with hemoglobin Alc (HbAlc) levels above the along with nurses, pharmacists and physical therapists
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developed an evidence-based guideline for the management
of foot burns occurring in patients with DM [2].

Diabetes mellitus is notorious for the negative effect it has
on normal wound healing. That effect is exerted through
multiple mechanisms, many of which have local tissue
ischemia and subsequent decreased local tissue oxygen
tension as a common pathway [3,4]. Several investigators
have shown that the critical oxygen tension required for
wound healing is between 30 to 40 mmHg [5-8]. Yet it is not
uncommon for oxygen tensions in wounded tissues to be
lower than this threshold, as reported by Gordillo et al. [9].
Transcutaneous oxygen monitoring (TCOM) is one way to
measure local oxygen delivery [10].

The concentration of oxygen in arterial blood is determined
by the equation:

Cap, = (1.34 x Hgb x Sap,) + (0.003 x Pao,)

where Hgb represents hemoglobin, Sao, is the arterial oxygen
saturation and Pap, is the partial pressure of oxygen in the
blood [11]. The amount of free oxygen dissolved in the plasma
(0.003 x Pao,) is negligible under normal barometric situa-
tions. However, the delivery of oxygen through hyperbaric
oxygen therapy (HBOT) can increase this contribution to total
arterial oxygen concentration by significantly increasing the
Pap,. According to Godman et al., this exposure to hyperbaric
oxygen leads to a cytoprotective and angiogenic response in
human microvascular endothelial cells that in turn are impor-
tant steps in wound healing [12].

These positive effects have led to the application of HBOT
in the management of chronic wounds, particularly diabetic
foot ulcers. However, that application has been surrounded
with controversy [13,14]. A Cochran Review in 2004 concluded
that HBOT reduced the risk of major amputation in cases of
diabetic foot ulcer [15]. An updated review in 2012 did not show
that same reduction in amputation rates but did report an
increased rate of ulcer healing when HBOT was employed [16].
Despite conflicting reports, criticisms of bias and small sample
sizes, Steed et al. published an evidence-based guideline that
cited Level I evidence for the inclusion of HBOT in the clinical
management of diabetic foot ulcers [17].

While the medical literature contains many published
reports on the use of HBOT in the management of diabetic
foot ulcers, there are few regarding the use of HBOT in the
management of diabetic foot burns. Indeed, some might
argue that diabetic foot ulcers (chronic) and a burn wound
(acute) in a patient with DM are two different diseases. Yet
important similarities in wound healing, and impediments
to wound healing, can be found in both models. The burn
wound exhibits changes in the microvasculature that
includes red cell aggregation, white cell adhesion and
platelet microemboli [18,19]. Inflammatory mediators con-
tribute to hyperpermeability of the microcirculation [20]. The
ongoing tissue damage is, in part, due to the failure of the
surrounding tissue to supply borderline cells with oxygen.
Both types of wounds in the diabetic patient display
increased extra-vascular osmotic activity, edema formation,
and a site of entry for infection [3-5,10,19]. It is because of
these wound similarities that data obtained through the
treatment of diabetic foot ulcers can be applied to the
treatment of diabetic foot burns.

By extrapolating data from the treatment of diabetic foot
ulcers to the treatment of diabetic foot burns, the multidisci-
plinary group from our institution included the use of TCOM
and HBOT in its guideline. This report is an evaluation of
preliminary TCOM/HBOT data collected as a result of
implementing that guideline.

2. Methods

Aretrospective review of patients with DM admitted to a single
ABA verified burn center for the treatment of foot burns
following implementation of a previously published evidence-
based guideline was conducted. Patients were treated via the
guideline if they were over the age of 16, admitted for the
initial care of burns involving the feet between 4/01/2012 and
7/22/2013, and had a known or new diagnosis of DM. A new
diagnosis of DM was by HbAlc level performed on admission.
Approval for the study was obtained from The Ohio State
University Institutional Review Board.

2.1. Data collection

Patients were identified electronically by admission to the
Burn Service from the institutional burn database. Data, which
was collected retrospectively, included gender, age, admitting
serum glucose, admitting HbAlc, burn mechanism, TBSA
(total, partial and full thickness), TCOM’s, number of hyper-
baric treatments, length of stay, need for skin grafting, healing
without skin grafting, complications (including unplanned
readmission) and need for amputation.

2.2. Guideline

Hyperbaric Medicine consults are obtained on all patients with
diabetes and burns of the feet. According to the guideline, if the
patient has been previously diagnosed with DM or if the HbA1lc
level is >6.5%, that patient has peri-wound transcutaneous
partial pressure of tissue oxygen measurements (TcPO,) with
placement of the sensors adjacent to the wound to assess the
patient’s ability to heal the wound (Fig. 1) [21,22]. Transcutane-
ous oxygen levels >50 mmHg are considered normal and
unimpaired wound healing can be expected [23,24]. Levels
between 40 and 50 mmHg are adequate for wound healing but if
therapy is unsuccessful, HBOT and vascular studies are in order
[25]. If the TcPO, is less than 40 mmHg, a normobaric oxygen
challenge is obtained by having the patient breathe 100% O, and
measuring the TcPO, [26]. A measurement of >300 mmHg
indicates uncompromised arterial flow and unimpaired wound
healing should follow. A result of <300 mmHg but >100 mmHg
identifies those patients who will potentially benefit from HBOT.
If theresultis <100 mmHg, the patient undergoes an in-chamber
HBO trial performed at 2 atmospheres of pressure. If the resulting
TcPO,; is >200 mmHg, the patient will benefit from HBOT [27].

Patients who are determined to benefit from HBOT undergo
14 treatments. If at that time there is improvement in the
TcPO,, the HBO treatments are continued to a total of 20 [28]. If
the patient is a candidate for skin grafting, these HBO
treatments are administered both pre and post-operatively
for a total of 20 to 30 treatments [29].
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Fig. 1 - Demonstration of peri-wound placement of TCOM
sensors.

2.3.  Definitions

Diabetes mellitus is defined as either (1) a history of being
diagnosed with DM or (2) an admitting HbAlc of >6.5% based on
criteria established by the American Diabetes Association [1].

Length of stay (LOS) is defined as the number of in-patient
days from admission to discharge.

Unplanned readmission is defined according to the Agency
for Healthcare Research and Quality (AHRQ) criteria that
includes (1) unexpected admission for further treatment of the
same primary condition, (2) further treatment of a condition
related to the primary admission, or (3) unexpected admission
for a complication of the primary condition for which the
patient was previously hospitalized [30].

2.4. Statistical methods

Descriptive statistics were generated for all variables of interest.
Continuous variables were expressed using the mean and
standard deviation or median and range, depending on
normality. Categorical variables were expressed using frequen-
cies and percentages. Demographic and clinical characteristics
were compared between those that did and did not receive
HBOT treatments using two-sample t-tests (normally distribut-
ed variables), Mann-Whitney U tests (non-normally distributed
variables), or Chi-Square tests (categorical variables) as appro-
priate. Logistic regression was used to assess HgA1c as predictor
of HBOT. A p value <0.05 was determined to represent
statistical significance. Analyses were performed using SAS
software, version 9.2, SAS Institute, Cary, North Carolina.

3. Results

During the study period, there were 24 patients with DM who
were admitted for the treatment of burns on the feet. Four
patients were not placed on the guideline at the discretion of the
attending surgeon. One patient met criteria but refused TCOMs.
One patient met criteria but was deemed not appropriate

because of concurrently receiving cis-platin for the treatment of
bladder cancer. Eighteen patients were treated according to the
guideline. There were 14 men and 4 women. The average
age was 54 years + 14.78 (range 29 to 86). The average height
was 1.77 m + 0.12 (range 1.52 to 1.98), the average weight was
95.28 kg + 17.37 (range 71.4 to 122.4) and the average BMI was
30.63 + 6.34 (range18.6 to 43.4). The median burn size was 0.88%
TBSA (range 0.25-7.0) with median partial thickness of 1% TBSA
(range 0.25 to 2) and median full thickness of 0.5% TBSA (range
0.2 to 6). Burning mechanism was contact with a hot object for
10, hot liquids (scalding) for 6, chemical burn for 1 and sunburn
for 1. No patient suffered an associated inhalation injury. The
average hospital length of stay (LOS) was 13.39 days + 9.94
(range 2-39). There were no deaths.

Based on the patients’ history, physical exam, medication
list and/or laboratory determinations 11 had neuropathy, 2
had retinopathy, 10 had hypertension and 6 had hyperlipid-
emia. Additional co-morbidities are listed in Table 1. Nine
patients were on oral glycemic agents, 11 were usinginsulin, 8
were taking statin drugs and 3 were taking gabapentin or
pregabalin. The average HbAlc was 9.08 + 2.42 (range 5.6 to
13.8). Median admitting serum glucose was 138.5 (range 62—
496). Results of baseline TCOMS, oxygen challenges, HBO
challenges and HBOT are listed in Table 2.

Seven patients received pre-operative HBOT treatments
and 2 patients received post-operative HBOT treatments. The
median number of pre-operative HBOT treatments was 15
(range 9 to 20). Of the seven patients who received pre-
operative HBOT, 3 healed their burn wound with HBOT alone
and skin grafting was avoided. One patient who did not receive
HBOT based on initial TCOM levels but who did undergo skin
grafting displayed full graft take at discharge only to be re-
admitted 9 days later for graft failure and gas-forming soft
tissue infection. That patient eventually had a below-knee
amputation. This represents the only case of graft loss and
amputation that occurred in the study group. This patient was
also the only re-admission.

Comparing the two groups (those who received HBOT and
those who did not) there was no statistically significant
difference in age, gender, TBSA, BMI or HbA1lc levels. However,

Table 1 - Associated co-morbidities.

Co-morbidity No. of patients
(n=18)

=
=

Neuropathy
Hypertension
Hyperlipidemia

Mental health issues
Alcohol use

Coronary artery disease
Smoker

Congestive heart failure
COPD

Retinopathy
Osteoarthritis

CVA

Renal disease

Chronic atrial fibrillation
Rheumatoid arthritis
Other chronic pain
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Table 2 - Results of transcutaneous oxygen measurements (TCOM). Patients 12, 17, and 20 () healed burn wounds with

HBOT and no grafting.

Patient Baseline TCOM O, challenge HBO challenge HBOT STSG
(mmHg) TCOM (mmHg) TCOM (mmHg)
Right Left Right Left Right Left Pre-op Post-op
Tx no. Tx no.
1 13 40 9 1 Yes
4 32 32 98 98 15 0 Yes
5 0 0 No
6 58 58 331 282 0 0 No
7 42 70 0 0 Yes
10 68 155 0 0 Yes
11 18 68 650 15 5 Yes
12 88 298 16 0 No
13 48 100 0 0 No
14 62 104 0 0 Yes
15 48 126 0 0 Yes
16 54 96 0 0 No
17’ 14 34 200 20 0 No
18 36 106 0 0 No
19 94 176 10 0 Yes
20° 28 40 580 14 0 No
21 84 110 0 0 No
22 54 98 0 0 Yes

the LOS was different in the two groups with those receiving
HBOT having a significantly longer LOS. (Table 3). Admission
HbAlc was not a predictor of the need for HBOT (p = 0.1307,
odds ratio 1.429 with 95% confidence interval of 0.899 to 2.272,
power = 35%).

4, Discussion

The American Diabetes Association estimates that 8.3% of
Americans have DM [1]. Burns involving the feet of patients
with diabetes are a common clinical presentation, which pose
a significant management challenge for the burn team. Due to
the associated peripheral neuropathy and insufficient oxy-
genation to the distal lower extremity, these patients are
notorious for non-healing wounds, increased wound infection
rates and ultimate need for limb amputation [5,31,32].
Evidence-based guidelines decrease variations in practice,
decrease treatment costs and improve overall patient care [33-
35]. Using an evidence-based guideline for the management of
patients with DM who have suffered burns of the feet might
also improve outcomes for those patients. A search of the
English literature dealing with the subject published over the
past 10 years failed to uncover such a guideline. Consequently,
a multi-disciplinary group of faculty was convened at our

Table 3 - Comparison of patient groups.

institution and charged with writing a guideline for the
management of patients with DM who had suffered burns of
their feet.

The application of HBOT to burn wounds has previously
been reported. Brannen et al. found no difference in mortality,
length of stay, or number of surgical procedures in burn
patients treated with HBOT when compared to a group of burn
patients treated without HBOT [36]. A shorter healing time was
reported by Hart et al. in burn patients who were treated with
HBOT compared to a sham-HBOT treated group [37]. In a report
of split thickness skin grafts, Perrins and Cantab showed a
significantly higher percentage of graft survival in patients
who were treated with HBOT [38]. However, none of those
studies were directed primarily at patients with DM.

While little has been published specific to the management
of foot burns in patients with DM, there is a wealth of
information regarding the management of diabetic foot ulcers.
Considering the similarities in the pathophysiology of the two
wounds, our guideline group felt justified in applying the
published literature pertaining to diabetic foot ulcers to burns
of the feet suffered by patients with DM. We found that many
of the management suggestions for foot ulcers, i.e. glucose
control, off-loading, intense local wound care, were already in
use by our burn team. One modality that is accepted in the
treatment of diabetic foot ulcers but remains controversial in

Variable HBOT No HBOT p-Value
Age (years/mean) 50.00 + 11.58 56.55 + 16.51 0.3756
Gender 6M/1F 8M/3F 1.0000
TBSA % (median/range) 0.75 (0.5 to 7.0) 1.00 (0.25 to 4.00) 0.6767
BMI (mean) 29.10 + 8.65 31.61 +4.56 0.4296
HbAlc (mean) 10.20 +2.92 8.37 +1.84 0.1208
LOS (mean) 21.43 +10.6 8.27 £ 5.16 0.0159
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Table 4 - Comparison of demographics and outcomes.

Barsun [26] (traditional treatment)

Ohio state (following guideline
with TCOM & HBOT)

No. of patients
Age (years)

68 (collected over 10 years)
54 + 13.1 (range 24 to 85)

18 (collected over 16 months)
54 + 14.78 (range 29 to 86)

Gender 87% male (59 of 68) 78% male (14 of 18)

TBSA (%) Ave. 4.2 + 3.8% (range 0.5 to 15%) Median 0.88% (range 0.25 to 7.0%)
Using insulin 59.6% 64.7%

Using oral agents 34.6% 52.9%

Admission glucose
Admission HbAlc

LOS (days) 15.2 + 14.2 (range 1 to 95)
LOS/%TBSA 57 +5.8

No. patients readmitted 19

Amputations 31 amputations in 11 patients

Ave. 215.8 & 109 (range 50 to 546)
9.08 + 2.4 (range 5.0 to 14.7)

Median 138.5 (range 62 to 496)
9.08 + 2.42 (range 5.6 to 13.8)
13.39 £ 9.94 (range 2 to 39)
Median 14.0 (range 1 to 54)

1

1 amputation in 1 patient

the management of burns is the use of TCOM’s to evaluate the
microcirculation and the application of HBOT to selected
patients. The HBOT/diabetic foot ulcer literature was investi-
gated by our group and recommendations based on that
literature were included in our guideline.

A 2013 reportby Barsun et al. described 68 patients with DM
who had suffered burns of their feet [39]. This is the largest
reported series of foot burns occurring in patients with DM and
the only published series with which to compare our results.
Table 4 compares the Barsun patients’ demographics and
outcomes using treatment methods that did not include TCOM
determinations and application of HBOT with our group
following the guideline and employing TCOM/HBOT. There are
numerous similarities in baseline characteristics and diabetes
specific measures between the two groups. However, Barsun
reports 19 patients required readmission because of inability
to heal their wounds and 11 patients ultimately experiencing
numerous amputations. In our group, only one patient was re-
admitted for complications and inability to heal. That same
patient represents the only amputation performed on our
patients. Even allowing for our smaller sample size, the
comparison suggests that TCOM’s and HBOT should continue
to be investigated as a treatment option in this clinical setting.

Good glycemic control results in improved outcomes for
patients suffering DM [17,40]. At our institution, every patient
admitted for the treatment of burns is screened for an elevated
HbAlc. Our data does not suggest that HbAlc levels can be
used to predict either the need for HBOT nor the patients’
response. This may be due to the small sample size and the
resulting low statistical power. Despite our preliminary
results, we believe this HbAlc to HBOT relationship deserves
special attention since HbA1lc levels have been shown to be a
predictor of wound healing [40].

The current CMS directive lists Wagner Grade 3 foot ulcers
as the only indication for HBOT in patients with diabetes [41].
That same directive goes on to say that HBOT should be
applied in those cases only when “Failure to respond to
standard wound care occurs when there are no measureable
signs of healing for at least 30 consecutive days.” If improved
outcomes using HBOT for patients with DM and burns of the
feet can ultimately be shown with a larger sample, then that
CMS directive should be re-evaluated.

The presence of pedal pulses did not predict the patients’
TCOM levels, their response to an O, challenge, nor their
ultimate need for HBOT. Two patients had palpable pulses but

were determined to be HBOT candidates based on TCOMs and
0O, challenge. Only one patient in the study had a formal non-
invasive physiologic study of lower extremity arteries (ankle/
brachial index, result =0.3). This patient (no. 14) responded
appropriately to the O, challenge and HBOT was not indicated.
The patient went on to have skin grafting and healed with
routine post-operative, non-HBOT, care.

There are several limitations of this study. It is retrospec-
tive and the sample size is small. While our data does not have
the statistical power to show a definite benefit from TCOM/
HBOT therapy, clinical observations made by the burn
surgeons at our institution, representing over 100 years of
combined experience, suggest with a larger sample size a
statistical benefit may be shown. Particular cases in point are
the three patients in our study group who were scheduled for
skin grafting but healed their burn wounds with HBOT alone.

5. Conclusions

Any guideline must be a living document in that clinical data
must be collected from following the guideline and applied to
either justify continued use of the guideline or aid in its
modification. This report of preliminary data obtained from
following our guideline is meant to stimulate discussion,
generate hypotheses and encourage collaboration for on-
going study. We believe that the incorporation of TCOM
determination and application of HBOT in selected patients
with DM and burns of the feet warrant continued study. While
TCOM/HBOT therapy has not been widely applied in the
management of foot burns occurring in patients with DM,
the use of an evidence-based guideline incorporating TCOM/
HBOT may provide a systematic way to evaluate those
patients’ microcirculation and their ability to heal their burn
wounds.
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