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Objective: Hyperbaric oxygen therapy (HBOT) is a medical treatment method that involves 
sessions of breathing 100% oxygen, and it is a commonly used supportive therapy for pa-
tients with diabetic foot ulcer (DFU). The present study aimed to evaluate the efficacy of 
HBOT in patients with DFU.

Methods: Among DFU patients followed-up between 2016 and 2018 at a single hospital, 
30 patients who underwent HBOT and 42 patients who did not were randomly selected 
and the epidemiological and clinical characteristics of both groups, as well as the clinical 
outcomes of the patients at the end of treatment were compared.

Results: Twenty-six patients (86.7%) in the HBOT group and 14 patients (33.3%) in the 
non-HBOT group were classified as PEDIS score 3–4 (p=0.000). The rate of re-hospital-
ization was significantly higher in the HBOT group (p=0.005). The rate of major and minor 
amputations were found to be similar in both groups, but it was more likely to be distally 
located in the HBOT group (p=0.035 vs. p=0.128).

Conclusion: The greater rate of re-hospitalization and need for surgical intervention in the 
HBOT group may have been related to the presence of advanced stage DFU. The amputation 
rate was similar in both groups. Randomized, prospective, multicenter studies are needed to 
further evaluate HBOT efficacy.
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INTRODUCTION

Diabetic foot ulcer (DFU) is among the most common 
complications related to diabetes and leads to a decrease 
in the quality of life of patients, as well as increased mor-
tality and morbidity rates and health care costs.[1] The 
prevalence of diabetic patients is increasing rapidly all over 
the world. Currently, there are approximately 382 million 
diabetic patients worldwide and approximately 316 million 
with impaired glucose tolerance.

As of 2035, the number of patients with diabetes is es-
timated to reach 471 million.[2] According to Ministry of 
Health data, there are some 7 million diabetes patients in 
Turkey,[3] and more than 1 million with DFU and 500,000 
with a diabetic foot infection. This represents a substantial 
cost to the country, and it is expected to increase in the 
coming years.[4]

DFU may appear as an ulcer, infection, or foot deformity in 
the presence of peripheral arterial disease (PAH) or neu-
ropathy.[5] The presence of PAH or neuropathy leads to 
rapid progression in DFUs, including the development of 
deep tissue or bone infection and the necessity for lower 
extremity amputation.[6,7] The approach in the treatment 
of DFU is management of infection and metabolic control. 

Hyperbaric oxygen therapy (HBOT) increases oxygenation 
in hypoxic wound tissue, as well as angiogenesis, fibroblast 
activation, and increased collagen production, and can ac-
celerate healing in cases of DFU.[8] The aim of this study 
was to evaluate the effect of HBOT on wound healing and 
amputations in the treatment of DFU. 

MATERIAL AND METHODS

Among DFU patients who were followed-up in a single 
hospital between 2016 and 2018, 30 who underwent 
HBOT treatment and 42 who did not receive HBOT were 
included in this study. Patients were randomly selected 
from DFU follow-up forms and the epidemiological and 
clinical characteristics of both groups as well as the clinical 
outcomes at the end of the treatment were compared. 

The details of patient age; gender; duration of diabetes and 
DFU; level of glycated hemoglobin (HbA1c) at admission; 
any history of amputation; stage of PAD, neuropathy, or 
infection; presence of osteomyelitis (OM); previous surgical 
interventions; presence of arterial flow disorder observed 
on Doppler ultrasound; white blood cell (WBC) count; C-
reactive protein (CRP) level; and erythrocyte sedimenta-
tion rate (ESR) were recorded. 
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In addition, the clinical outcomes of both the patients who 
underwent HBOT and those who did not, the amputa-
tion level (major or minor), need for re-hospitalization, 
follow-up period (days), and details of wound healing were 
documented.

Infection, wound depth, sensory loss (neuropathy) and the 
PAD stage of foot lesions were defined according to the 
PEDIS classification.[9] The diagnosis of OM was based on 
the presence of luminal lesions and periosteal reaction ob-
served on plain radiographs or bone involvement seen in 
magnetic resonance imaging.

Statistical method
The collected data were analyzed using SPSS Statistics for 
Windows, Version 22.0 (IBM Corp., Armonk, NY, USA). 
Fisher’s exact test and chi-square tests were used to com-
pare ratios, while non-normal parametric data were ana-
lyzed using the Mann-Whitney U test. P<0.05 was consid-
ered statistically significant.

RESULTS

A total of 30 DFU patients who underwent HBOT and 
42 who did not were included in the study. Comparison 
of the groups revealed that HBOT was applied more fre-
quently in young patients (p=0.006). 

The duration of diabetes; HbA1c level; history of amputa-
tion; presence of stage 2 2-32 PAD, stage 2 neuropathy, or 
OM; and ESR, CRP, and WBC levels were similar in both 
groups.

A history of surgical intervention (debridement, abscess 
drainage, vascular intervention, etc.) was significantly 
greater in the HBOT group (p=0.004). In the HBOT group, 
26 patients (86.7%) were classified as PEDIS grade 3-4, 
while there were 14 patients (33.3%) in the non-HBOT 
group with the same classification (p=0.000) (Table 1). 

When the final clinical results of both groups were evalu-
ated, the rate of re-hospitalization was significantly greater 
in the HBOT group (p=0.005). The rate of major and mi-
nor amputations was similar in both groups (p=0.128).

DISCUSSION

The gold standard in the management of DFU is regula-
tion of blood sugar, treatment of infection, revasculariza-
tion, debridement, and reduction of weight bearing on 
foot. HBOT, wound care products, and negative pressure 
wound therapies are recommended as supportive treat-
ment.[10] HBOT is the administration of 100% oxygen in a 
high pressure chamber at a pressure of 2 to 3 atmospheres 
absolute for daily sessions of 2 to 3 hours.[11]

HBOT typically includes 30 sessions, and can be extended 
to as many as 90 sessions, depending on the condition of 
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Table 1. Clinical and epidemiological characteristics

 HBOT (+) (n=30) HBOT (–) (n=42)  p

Age (years)* 59.4 (32–77) 65.9 (41–88) 0.006
Male 21 (70%) 24 (57.1%) 0.231
Duration of diabetes (years)* 14.1 (0–33) 14.1 (2–40) 0.516
HbA1c* 9 (6.5–14.2) 9.1 (5.4–16) 0.820
Duration of DFU* 87.6 (2–365) 54 (2–720) 0.284
History of amputation 22 (73%) 36 (87.8%) 0.471
Stage 2–3 PAD 22 (73.3%) 30 (73.2%) 0.257
Stage 2 neuropathy 21 (84%) 35 (83.3%) 0.515
Stage 3–4 PEDIS 26 (86.7%) 14 (33.3%) 0.000
Impaired arterial circulation 18 (75%)  12 (54%)  0.815 
History of surgical intervention 22 (75%) 7 (17%) 0.004
Osteomyelitis 11 (36%) 8 (25.8%) 0.561
White blood cell count* 10847 (4100–25400) 9415 (4890–19400) 1.0
C-reactive protein* 6.6 (0.2–25.9) 5 (10–26.5) 0.475
Erythrocyte sedimentation rate* 57.8 (19–91) 46 (6–102) 0.791

*Mean; HBOT (+): Patients who underwent HBOT; HBOT (–) Patients who did not receive HBOT. DFU: Diabetic foot ulcer; HbA1c: Glycated hemoglobin; 
HBOT: Hyperbaric oxygen therapy; PAD: Peripheral artery disease.

Table 2. Clinical outcomes of the treatment 

 HBOT (+)  HBOT (–)   p
 (n=30) (n=42)

Level of amputation** 3 (1–6) 4.6 (2–6) 0.035
Re-hospitalization 11 (36%) 0 (0%) 0.005
Follow-up period (days)* 67.8 (3–810) 32 (1–360) 0.410
Recovery  4 (22.2%) 24 (85.7%) 0.128
Minor amputation 11 (61.1%) 2 (7.1%) 0.128
Major amputation 3 (16.7%) 2 (7.1%) 0.128

*Mean; **Level of amputation: 1. Big toe; 2. Other toes; 3. Metatarsal level; 
4. Ankle; 5, Below the knee; 6. Above the knee. HBOT (+): Patients who 
underwent HBOT; HBOT (–) Patients who did not receive HBOT.



the patient’s wound. The goal of HBOT is to accelerate 
wound healing by reducing regional and local ischemia. In-
creased oxygen pressure in hypoxic tissues causes fibrob-
last proliferation and angiogenesis and decreases edema in 
tissue through vasoconstriction. In addition, a decrease in 
pro-inflammatory cytokines augments the bacteria-killing 
effect of leukocytes and decreases inflammation.[12] 

It has been established that HBOT is particularly effec-
tive in patients with palpable pulses and no major vessel 
damage.[13] Numerous studies have investigated the effects 
of HBOT, which is now accepted for use at many centers 
and is beginning to be used in the management of DFU. 
The first randomized controlled trial was conducted by 
Doctor et al.[14] It was demonstrated that the group that 
underwent HBOT had fewer major amputations, but more 
minor amputations. HBOT was reported to be an effective 
and reliable adjunctive treatment option in cases of DFU. 

Randomized clinical studies have also been conducted. 
The application of HBOT with standard therapies has been 
shown to lead to a decrease in major amputations and an 
increase in wound healing.[15,16] 

Stage 2-3 PAD was most frequent among our study pa-
tients and there was no significant difference between the 
major and minor amputation rates between the HBOT 
group and the non-HBOT group. This result was consis-
tent with two similar randomized, double-blind, placebo-
controlled trials involving ischemic ulcers.[8,17] 

In a meta-analysis of 526 patients performed by Zhao 
et al.[18] that included 9 randomized clinical trials, it was 
reported that HBOT did not reduce the rate of major 
or minor amputations, but significantly reduced the size 
of ulcers. In another study of ischemic ulcers, there was 
no decrease in major amputation rates, but a significant 
increase in the minor amputation rate was seen in the 
HBOT group.[19] 

The fact that the definitions of major and minor amputa-
tions used in the studies presents a difficulty in comparing 
studies. In our study, although the amputation rates were 
not different between the 2 groups, the site of the ampu-
tation was observed more frequently to be distally located 
in the HBOT group (p=0.035). This finding may be ex-
plained by the greater incidence of surgical intervention in 
the group that underwent HBOT (p=0.04) and an increase 
in tissue oxygenation, which accelerates wound healing.

In our study, no significant difference was found between 
the HBOT and non-HBOT groups in terms of ulcer healing. 
In many other studies, however, HBOT has been shown to 
promote ulcer healing.[17,20,21] This may be explained by the 
fact that there were more stage 3-4 PEDIS ulcers in the 
HBOT treatment group and the patients’ clinical status 
was more severe. 

It has been suggested that the rate of re-hospitalization 
and the need for surgical intervention in patients receiving 
HBOT may be related to the progression of infection.

There are some limitations to our study. HBOT causes an 

increase in oxygenation of the blood circulation in both 
legs. No information could be obtained about the devel-
opment of ulcers or the need for amputation in the other 
leg could be determined in the follow-up data of our study.

The patient data were retrospectively obtained from di-
abetic foot follow-up forms and the hospital registry sys-
tem. Furthermore, it was not possible to evaluate how 
well the patients adapted to HBOT. Finally, the patients’ 
microbiological factors and the duration of antibiotic 
treatment were not taken into consideration.

CONCLUSION

HBOT is a supportive treatment that is frequently used in 
many clinics for the treatment of DFU. Larger, prospec-
tive, randomized, multicenter studies are needed to fur-
ther evaluate the effectiveness of HBOT in cases of DFU.
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Amaç: Hiperbarik oksijen tedavisi (HBOT), hastaya aralıklı olarak %100 oksijen solutularak uygulanan medikal bir tedavi yöntemi olup 
diyabetik ayak ülseri (DAÜ) olan hastalarda yaygın olarak kullanılan destekleyici bir tedavi yöntemidir. Çalışmamızda DAÜ olan hastalarda 
HBOT’nin etkinliğinin değerlendirilmesi amaçlandı.

Gereç ve Yöntem: Hastanemizde 2016–2018 yılları arasında takip edilmiş HBOT alan 30 hasta ve HBOT almayan 42 hasta rastgele olarak 
seçildi, her iki grubun epidemiyolojik, klinik özellikleri ve hastaların tedavi bitiminde klinik sonuçları karşılaştırıldı.

Bulgular: Hiperbarik oksijen tedavisi alan grupta 26 hasta (%86.7), almayan grupta 14 hasta (%33.3) PEDIS 3–4 idi (p=0.000). HBOT alan 
grupta yeniden hastaneye yatış oranlarının anlamlı olarak daha fazla olduğu görüldü (p=0.005). Majör ve minör amputasyon ile sonuçlanma 
oranları her iki grupta benzer olmakla birlikte HBOT alan grupta amputasyon seviyesinin almayan gruba göre daha distalde olduğu görüldü 
(p=0.035 ve p=0.128).

Sonuç: Çalışmamızda HBOT alan grupta hastaların tekrar hastaneye yatış oranının ve cerrahi girişim ihtiyacının daha fazla olmasının bu has-
talarda DAÜ’nün ileri evrede olması ile ilişkili olabileceği düşünülmüştür. Her iki grupta amputasyon oranları benzer olup HBOT etkinliğinin 
değerlendirilmesi için daha fazla sayıda randomize, plasebo kontrollü çok merkezli çalışmaya ihtiyaç vardır.

Anahtar Sözcükler: Amputasyon; diyabetik ayak ülseri; hiperbarik oksijen tedavisi.

Hiperbarik Oksijen Tedavisinin Diyabetik Ayak Ülserleri Üzerinde
Etkinliğinin Değerlendirilmesi
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