°
R

Mashhad University of Medical Sciences

(MUMS)

3]

Clinical Research Development Center

Reviews in Clinical Medicine

Effect of Hyperbaric Oxygen Therapy on Diabetic Foot Ulcer; a

Clinical Study

Sepideh Babaniamansour (MD)?, Nooshin Najari (MD)?, Ehsan Aliniagerdroudbari (MD)?,

Amirmohammad Babaniamansour(BS.c)?, Saeed Pezeshki (MD)**

School of Medicine, Islamic Azad University Tehran Faculty of Medicine, Tehran, Iran.

2School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran.

3School of Rehabilitation Sciences, Iran University of Medical Sciences, Tehran, Iran.

*Assistant professor of Orthopedic Department, Islamic Azad University Tehran Faculty of Medicine, Tehran, Iran.

ARTICLE INFO

ABSTRACT

Article type
Original article

Article history

Received: 2 Feb 2021
Revised: 18 Feb 2021
Accepted: 3 Apr 2021

Keywords
Diabetic Foot
Diabetes Mellitus
Hyperbaric Oxygen
Therapeutics

Introduction:One of the most common diabetes complications is diabetic foot
ulcer (DFU). Besides conventional treatments, hyperbaric oxygen therapy (HBOT) is
known as an adjunctive therapy for DFU. This study aimed to investigate the efficacy
of HBOT and possible risk factors.

Methods:This study was conducted in two hyperbaric clinics of Bahar and Khatam,
respectively in Isfahan and Tehran, Iran, between September 2016 and September
2017. Eligible participants underwent 100% oxygen at 2 to 2.5 atmosphere absolute
for 90 to 120 minutes daily (five days per week). Data were analyzed with SPSS
version 24.0.

Results: The recovery rate was 69% in 58 enrolled patients and had a significant
direct association with good glycemic control status, before (P<0.01) and during
HBOT (P < 0.01), and low-grade ulcers (P= 0.04). The mean number of HBOT sessions
of the cured patients (21.5+17.1) was significantly higher than that of the not
cured patients (11.3 + 7.9) (P= 0.02). However, the recovery rate had no significant
association with the type of ulcer (P= 0.1).

Conclusion: HBOT had good efficacy and a high recovery rate in DFU treatment.
Given the fact that good glycemic control status reduces the incidence of ulcers, this

study showed that it increased the DFU recovery rate under HBOT.
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Introduction

Diabetes mellitus (DM) affects around 463 mil-
lion people worldwide in 2019 and is one of the
most common chronic metabolic diseases. It is
estimated that the DM prevalence will rise up to
10.9%, by 2045 worldwide. Besides, a study esti-
mated that DM prevalence may affect 5.2 million
people in Iran, by 2025 (1-7). DM has multiorgan
complications. The increase of the level of blood
sugar (BS) raises the susceptibility to infection and
ischemia occurrence, thus leads to damage in ves-
sels and nerves. Diabetic foot ulcer (DFU) is one of
the most common complications of diabetes. It is

defined as a type of wound in diabetes patients,
a good surface for developing infections. DFU oc-
curs in 15% to 25% of diabetes patients during
their life. Recent studies estimated the preva-
lence of DFU to be 6.3% worldwide and declared
that it has 2% growth per year (1, 4, 8-13).

DFU has high mortality and morbidity includ-
ing osteomyelitis, local infections, sepsis, ampu-
tation, and psychological disorders, and 84% of
lower leg amputations are due to the progression
of DFU (14, 15). A study showed that the mortali-
ty rate of diabetes patients was three times high-
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er in those with DFU (16).

Surgical and non-surgical treatments, such as
maggot therapy, growth factor therapy, and hyper-
baric oxygen therapy (HBOT), are used for DFU
treatment. Choosing the best therapeutic method
with a highly satisfactory and low adverse out-
come is still a matter of debate. HBOT, as one of
the safest methods, has attracted more attention
recently. Some studies showed high acceptability
and significant efficacy of HBOT in decreasing the
number of amputations among diabetes patients
(2, 3, 17-19). HBOT was introduced by Gottlieb in
1977 for the first time for treating DFU, but it is
still used as an adjunctive method (4, 16, 19).

Oxygen is an indispensable part of tissue repair,
and HBOT uses 100% oxygen with a pressure of
two to three atmosphere absolute (ATA). HBOT
can increase angiogenesis, enhance the leukocytes
and stem cell functions, release the growth factors,
decrease the hypoxic area and edema, and finally
heal the wounds (1, 3, 18-20). Studies showed that
HBOT improved DFU prognosis over long-term
use (21-24). In contrast, other studies declared
that HBOT could not significantly improve the
healing process or decrease the amputation rate
(25). A study among 28 patients with DFU report-
ed no significant difference between the case and
control groups in terms of using HBOT (26).

Note that the duration for HBOT to be effective
varies in different studies, based on the type, size,
and condition of the wound, and it mostly reached
40 sessions during 4 to 6 weeks (1).

As very few studies have already investigated
the efficacy of HBOT among Iranian patients with
DFU, this study aimed to assess the recovery rate
of using HBOT for treating DFU and possible asso-
ciatedriskfactors.

Methods
Study design

This was a two-center clinical study among di-
abetes patients with DFU from two private hy-
perbaric clinics of Bahar in Isfahan and Khatam
in Tehran, Iran, between September 2016 and
September 2017. The protocol of this study was
approved by the ethics committee of Islamic Azad
University, Tehran Faculty of Medicine. It was con-
ducted in accordance with the Declaration of Hel-
sinki (7th revision, 2013). The participants were
included only after obtaining written informed
consent. All information was used anonymously.
This study imposed no additional costs to the pa-
tients or the healthcare system.

Study population
Diabetes patients over 18 years old who had
ulceration of foot tissue associated with neurop-

athy and/or peripheral artery disease (27) and
gave informed consent for using HBOT based on
physicians’ decision were enrolled in this study.
Patients with a non-diabetic infected ulcer, histo-
ry of seizure, claustrophobia, or untreated pneu-
mothorax were excluded. We used a convenience
sampling method. HBOT was applied using a
monoplace hyperbaric oxygen chamber (Sechrist
3600H, Sechrist Industries, Inc.,, Anaheim, CA).
The patients were treated with 100% oxygen at
2to 2.5 ATA for 90 to 120 minutes per day, 5 days
per week (from Saturday to Wednesday).

Data gathering

The patients’ baseline and disease-related in-
formation was collected from their medical file,
including gender, type of DM (one or two), dura-
tion of DM, type of DM treatment (oral medica-
tions, insulin therapy, or both), previous history
of DFU, and grade of DFU. The grade of the ulcer
was also determined for all patients based on the
classic Wagner grading system (CWGS) (28).

They underwent a physical examination by a
vascular surgeon, infectious disease specialist,
endocrinologist, and orthopedist before and af-
ter each HBOT session, and the decision for the
required HBOT sessions, antibiotic therapy, and
debridement was taken by these experts.

The level of blood sugar (BS) and hemoglobin
A1C (HbA1lc) was measured at the beginning of
the treatment and noted as initial laboratory find-
ings. The glycemic control status was assessed
before and during HBOT. The desirable and un-
desirable glycemic control status were defined
as HbAlc < 8% and HbAlc = 8%, respectively
(29). The levels of BS and HbA1c were measured
based on the enzymatic glucose oxidase method.
The primary outcomes were defined as the glyce-
mic control status during the treatment and the
recovery of DFU (cured and not cured). Cured ul-
cers were defined as ulcer’s grade reduction to
zero, based on CWGS. Significant pain or feeling
of popping in ears, pulmonary barotrauma, cen-
tral nervous system toxicity, and claustrophobia
after each session of HBOT were considered as
adverse effects and secondary outcomes.

Finally, the frequency of different causes of no
improvement (failed cure) including treatment
abstinence, and not respecting the guideline, and
the reasons of treatment abstinence including
physicians’ decision, no trust in the treatment
method, high expenses of the procedure, and
elongation of the procedure were assessed.

Statistical analysis
Data was analyzed by SPSS version 24 (SPSS
Inc,, Chicago, IL.,, USA). Quantitative variables
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were described using mean #* standard devia-
tion and qualitative variables were described
using frequency (percent). Chi-square test,
One Way ANOVA test, and independent sample
T-test were applied to evaluate the association
between different variables. P<0.05 was consid-
ered statistically significant.

Result

Totally, 58 patients with a mean age of 62 *
10.5 and range of 43 to 87 years were enrolled
(of whom, 43 (74.1%) were men). The mean
duration of DM was 16.5 * 10 years. The mean
number of completed HBOT sessions was 18.3
+ 15.5. Forty patients (69%) were cured. The
baseline information of patients is shown in

Table 1. The majority of patients had type 2 DM,
DFU grade two, undesirable glycemic control
status before HBOT, and desirable glycemic con-
trol status during HBOT. They were mostly un-
der insulin therapy and had a negative history
of DFU. None of the patients experienced any
significant adverse effects after HBOT.

Those with desirable glycemic control sta-
tus before and during HBOT had a significantly
higher recovery rate (P < 0.05). The recovery
rate was also significantly higher in those with
grade one DFU (P < 0.05). There was no signifi-
cant association between the outcome and gen-
der, history of DFU, type of treatment, and the
type of DM (P > 0.05) (Table 1).

Table 1. Association between categorical variables and outcome

Variables Total Outcome p-value*
Cured (n=40) Not cured (n=18)

Gender Male 43(74.1) 30(75) 13(72.2) 0.8
Female 15 (25.9) 10(25) 5(27.8)

Type of DM One 12(20.7) 7(17.5) 5(27.8) 0.3
Two 46(79.3) 33(82.5) 13(72.2)

Type of treatment Oral 16(27.6) 11(27.5) 5(27.8) 0.6
Insulin 41(70.7) 28(70) 13(72.2)
Both 1(1.7) 1(2.5) 0

Glycemic control Desirable 24(41.4) 22(55) 2(11.1) <0.01

status before HBOT  ypdesirable 34(58.6) 18(45) 16(88.9)

DFU history Positive 17(29.3) 13(32.5) 4(22.2) 0.4
Negative 41(70.7) 27(67.5) 14(77.8)

Grade of DFU 1 17(29.3) 14(35) 3(16.7) 0.04
2 26(44.8) 18(45) 8(44.4)
3 7(12.1) 5(12.5) 2(11.1)
4 8(13.8) 3(7.5) 5(27.8)

Glycemic control Desirable 51(87.9) 40(100) 11(61.1) <0.01

status during HBOT  ypdesirable 7(12.1) 0 7(38.9)

Data was described as frequency (percent). DM: Diabetes Mellitus; HBOT: Hyperbaric Oxygen Therapy; DFU: Diabetic Foot Ulcer.

*p-value refers to the association between outcome and each variable.

The mean number of completed HBOT sessions
in cured patients (21.4 + 17.1) was significantly
higher than in those who did not cure (11.3 *
7.9) (P = 0.02). Even though the mean duration
of DM in cured patients (16.3 * 10.6 years) was
also lower than that of not cured patients (16.9
* 8.7 years), the difference was not significant (P
= 0.822). The mean age in cured patients (62.2
* 10.3 years) was higher than in not cured ones
(61.6 = 11.4 years), but the difference was not
significant either (P = 0.838).

The studied causes of cure failure (in not cured
patients), including treatment abstinence, not
respecting the guideline, and multiple reasons,
were observed in 12 (68.4%), 1 (5.3%), and 5
(26.3%) patients, respectively. Considering dif-
ferent causes of treatment abstinence, including
physician’s decision, no trust in the treatment
method, high expenses of the procedure, elonga-
tion of the procedure, and multiple reasons were
respectively reported in 5 (41.7%), 1 (8.3%), 2
(16.7%), 3 (25%), and 1 (8.3%) patients.
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The mean level of initial BS was 212.5 + 53.5 mg/
dL, which was significantly lower in those who

Table 2. Association between categorical variables and outcome

high grade of DFU had higher level of initial BS
but the difference was not statistically significant

(p>0.05) (Table 2).

Variables Initial BS level,(mg/dL) p-value*
Glycemic control status during HBOT Desirable 202.2 (47.3) <0.01
Undesirable 287.4(33.7)
Grade of DFU 1 193.3(56.6)
2 216.1(52.9) 03
3 231.4(42)
4 224.9(55.1)
Outcome Cured 190.7(41.2) <0.01
Not cured 260.9(45.8)

Data was described as frequency (percent). DM: Diabetes Mellitus; HBOT: Hyperbaric Oxygen Therapy; DFU: Diabetic Foot Ulcer.

*p-value refers to the association between outcome and each variable.

Discussion

DFU causes physical and psychological discom-
fort which needs long-term and expensive inter-
ventions. It causes multiorgan involvement and
requires the simultaneous control of nutrition
and glycemic status, infection, and regeneration
of residual non-contaminated tissue (17, 30). In
this regard, HBOT has highly been appreciated in
patients with DFU as one of the modern adjuvant
treatment options (31,32).

In this study, the recovery rate was high, which
was significantly associated with desirable gly-
cemic control status before and during HBOT,
grade one DFU, more completed HBOT sessions,
and lower initial level of BS. Consistent with our
results, other studies showed that DFU was more
widespread in males and the elderly. Age and pro-
longation of DM were associated with increased
risk of neural and vascular damages that led to an
aggravation of diabetes complications like cardio-
vascular defects, retinopathy, neuropathy, and DFU
(11,16,33-35).

Baroni et al. showed a significant increase in the
recovery rate of patients with DFU using HBOT
(36). A systematic review of 9 studies, including
585 patients with DFU, showed that HBOT had
significant high efficacy in the healing of wounds
(37). Perren et al. stated that HBOT could signifi-
cantly reduce the ulcer area and depth after four
weeks of treatment in type two diabetes patients
with new ischemic DFU (11). HBOT had also good
efficacy in the healing of DFU in Poland (33).

Consistent with our findings, Ennis et al. re-
ported a DFU recovery rate of 70.9% with HBOT
among 462,888 patients (38). Londahl et al. de-
clared that the recovery rate of DFU using HBOT

was significantly higher in the case group (61%,
38 patients) compared to their control group
(27%, 37 patients) (39). Kaya et al. also calculated
arecovery rate of 62.5% in their patients with DFU
using HBOT (32).

Failure in DFU cure mostly occurs due to a high
concentration of pro-inflammatory cytokines and
high level of matrix metalloproteinases at the ulcer
site, which subsequently decrease growth factors,
the receptors, and matrix proteins required for
wound healing (33,40,41).

Contrary to our results, Kawecki et al. reported
only a 27.7% recovery rate in 94 patients with
ischemic and neurogenic DFU using HBOT (4).

A systematic review of 9 articles with 526 pa-
tients with DFU showed that HBOT decreased the
wound size but had no significant effect on the
wound healing process (25). This diversity of re-
sults could also be related to different study pop-
ulations and case groups. We studied all kinds of
DFU but most articles focused more specifically on
ischemic and neurogenic DFU. Moreover, having
more completed HBOT sessions and high-quality
chambers in our study increased the recovery rate
of DFU, compared to others.

Consistent with our study, Jira et al. reported a
similar effective mean number of HBOT sessions
for treating DFU among 80 patients, in a 10-year
study (42). However, Salama et al. declared that 35
sessions of HBOT were effective for treating DFU
in their 30 patients (43). Kessler et al. showed
that 20 HBOT sessions had no significant effect on
wound healing among 28 patients with DFU (44).
The low age average, low grade of DFU, and having
a well-trained team in our study helped to have a
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high DFU recovery rate with minimum sessions of
HBOT and without any adverse effects.
HBOT increases the oxygen pressure of local
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