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ABSTRACT
Aim: Venous leg ulcers are the most common lower extremity ul-
cers. The pathophysiology of venous leg ulcers has not been fully 
elucidated. Venous leg ulcers may cause exudate, pain, and bad 
smell. Compression bandaging has been known as the most ef-
fective treatment modality for venous leg ulcers. This study aimed 
to evaluate the effects of four-layer compression bandages and 
hyperbaric oxygen treatment on the outcomes of patients with ve-
nous leg ulcers.

Material and Method: In our outpatient clinic of the Underwater 
and Hyperbaric Medicine Department between September 2016 
and September 2019, 25 patients treated with four-layer com-
pression bandages and hyperbaric oxygen adjuvant HBO –when 
needed for venous leg ulcers were evaluated retrospectively for 
the effects on outcomes.

Results: The mean age of the patients was 57.4 years. The most 
common concomitant systemic disease was essential hyperten-
sion. On admission, the mean ulcer size was 74.4 cm² and the 
mean ulcer duration was 20.3 months. Complete healing was 
achieved in all patients with a mean follow-up of 3.36 months.

Conclusion: In this study, healing rates were 64% and 92% after 
12 and 24 weeks, respectively. In particular, the high healing rate 
achieved after 6 months proved that the treatment methods ap-
plied were reliable and effective. Using hyperbaric oxygen ther-
apy as an adjunctive treatment method may have an impact on 
achieving these results. It is warranted to design further studies 
investigating the effect of adjunctive hyperbaric oxygen therapy on 
venous leg ulcers in a higher number of patients.
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ÖZET
Amaç: Venöz bacak ülserleri alt ekstremitenin en sık görülen ül-
serleridir. Venöz bacak ülserlerinin patofizyolojileri tam olarak 
aydınlatılabilmiş değildir. Venöz bacak ülserleri sıklıkla eksuda, ağrı 
ve kötü koku gibi bulgulara sebep olur. Kompresyon bandajları 
venöz bacak ülserlerinde en etkin tedavi modalitesi olarak bilinme-
ktedir. Biz bu çalışma ile dört-katlı kompresyon bandajları ve hip-
erbarik oksijen tedavisinin venöz bacak ülserleri üzerine etkilerini 
değerlendirmeyi amaçladık.

Materyal ve Metot: Bu çalışmada, su altı ve hiperbarik tıp polikli-
niğimize Eylül 2016 ve Eylül 2019 yılları arasında venöz bacak ülseri 
nedeniyle başvurmuş ve dört-katlı kompresyon bandajı ile gerek-
tiğinde adjuvan hiperbarik oksijen tedavisi de almış 25 hasta, te-
davinin etkinliğini araştırmak amacıyla retrospektif olarak incelendi.

Bulgular: Hastaların ortalama yaşı 57,4 idi. Hastalardaki en sık 
tespit edilen sistemik kronik hastalık hipertansiyon idi. Hastaların 
kliniğimize başvurduklarındaki ortalama ülser yüzey alanları 74,4 
cm² ve yine ilk ülser tanısı üzerinden geçen süre ortalama 20,3 ay 
idi. Çalışmamızda incelediğimiz hastaların tamamının ortalama 3,36 
aylık bir takipte tam olarak iyileştiklerini gözlemledik.

Sonuç: Bizim çalışmamızda hastaların iyileşme oranları 12 haf-
ta sonunda %64 ve 24 hafta sonunda ise %92 idi. Özellikle 6 ay 
sonundaki yüksek iyileşme oranı uygulanan tedavi metodlarımızın 
gerçekçi ve etkili olduğunu desteklemektedir. Adjuvan hiperbarik 
oksijen tedavisinin kullanılmış olması bu yüksek iyileşme oranının 
elde edilmesindeki önemli bir faktör olabilir. Tabi ki, yüksek hasta 
sayıları ile planlanan çalışmalarda ajuvan hiperbarik oksijen tedavi-
sinin etkinliğinin araştırılmasının venöz bacak ülser tedavisine katkı 
sağlayacağını düşünmekteyiz.

Anahtar kelimeler: venöz bacak ülserleri; hiperbarik oksijen; kompresyon 
bandajları
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Introduction
Venous leg ulcers (VLUs) are the most common lower 
extremity ulcers and account for >70% of all ulcer-
ations, including arterial, neuropathic and diabetic 
ulcers1. VLUs ocur in 1–2% of adults in western societ-
ies. The pathophysiology of VLUs has not been fully 
elucidated. But, ambulatory venous hypertension has 
long been accepted as the principal and sole factor un-
derlying the development of venous ulcers of the leg2. 
Chronic venous insufficiency (CVI) and associated 
venous hypertension are considered as the primary 
mechanisms for the formation of VLUs. Older age, 
obesity, diabetes mellitus, hypertension, congestive 
heart failure and smoking are known risk factors for 
the formation of VLUs3,4.

VLUs are often localized in the 1/3 distal part of the 
calf, the so-called gaiter region, and usually around the 
medial malleolus. This area is where the lower extrem-
ity is exposed to the highest hydrostatic pressure. VLUs 
usually remain superficial. They may cause exudate, 
pain, fibrin formation and bad smell5.

Noninvasive methods such as compression bandages 
and patient education are primarily preferred in the 
treatment of VLUs. Compression bandages have been 
known as the most effective treatment for VLUs5,6. 
Hyperbaric Oxygen (HBO) therapy is also considered 
as an adjunctive therapy. So far HBO therapy for VUs 
has been limited. In this report we discuss 25 patients 
with VLUs treated using compression bandages. Some 
of the patients also received HBO therapy. The aim 
of this study was to assess the effect of bandaging and 
HBO therapy on VLU healing as bandage and added 
adjuvant HBO –when needed.

Materials and Methods
This report is a retrospective analysis of 25 patients 
who had been planned for treatment of their nonheal-
ing VLUs between September 2016 and September 
2019 in our outpatient clinic of the Underwater and 
Hyperbaric Medicine Department. We reached a total 
of 38 patients for that period. They had been planned 
for treatment of VLUs verified as venous insufficiency 
on duplex imaging. Thirteen of these patients who had 
discontinued the treatment plan were excluded from 
analysis. Thus, 25 patients were evaluated in this study. 
They were evaluated with respect to demographic fea-
tures, concomitant diseases, ulcer size and duration, 
treatment details and outcomes.

Four-layer compression bandages (Parris, Istanbul 
Medikal, Istanbul, Türkiye) were applied to all patients 
as the main treatment method twice weekly until the ul-
cer healed6,11,15. Compression bandaging was carried out 
by a trained nurse under the supervision of a physician. 
Bandages were discarded after each use. Bandage soiling 
and bad smell was thought to be prevented with this ap-
plication frequency for large and exudative ulcers. All 
participants were encouraged to exercise and elevate the 
affected leg as much as possible. None of these patients 
underwent any surgical intervention during follow-up.

HBOT was applied to patients who did not show 
any signs of improvement with 4 weeks of four-layer 
compression bandaging. Each patient who was given 
HBO therapy was informed about HBOT issues, and 
informed consent was obtained. HBOT was adminis-
tered in a multiplace chamber at 2.4 ATA, one session 
per day, 5 days a week. Each session of HBOT lasted 
about 120 minutes including three 25-minute oxygen 
periods in which patients breathed 100% oxygen at 2.4 
ATA, separated by 5-minute air breaks, and compres-
sion and decompression in the remaining time.

The primary outcome of the study was healing time. If 
more than one ulcer had been present, the largest one 
was identified as the index ulcer for the study. Healing 
was defined as complete coverage of the ulcer by epi-
thelial regeneration with no clinical signs of infection.

Statistical Analysis
Data were analyzed using SPSS 21.0 software. 
Continuous variables were expressed as mean ± stan-
dard deviation (SD) and categorical variables were 
expressed as n (%). Differences in means between the 
HBO therapy group and the non-HBO therapy group 
were analyzed by Mann-Whitney U test. The relation-
ship between age, body mass index (BMI), CVI dura-
tion, ulcer size, ulcer duration and healing time were 
analysed by Spearman’s rho correlation test. P value 
<0.05 was considered statistically significant.

Results
Mean age of the patients was 57.4±15.2 years (34–82); 6 
(24%) were female. Mean BMI of the patients was calcu-
lated as 33.4 (20–46). The most common concomitant 
systemic diseases were essential hypertension (28%) and 
diabetes mellitus (24%). Mean CVI duration of the pa-
tients was 7.9 years. 15 of the patients were smokers. 13 
of the patients were reported as having recurrent VLU. 
Patient characteristics are presented in Table 1.
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Twelve of the patients had VLU on the right leg, seven 
of them had VLU on the left leg, and six of them had 
VLU on both legs. On admission, the mean ulcer size 
was 74.4 (3–500) cm² and the mean ulcer duration 
was 20.3 (2–156) months. Ulcers of 12 patients were 
fibrotic on more than 50% of the wound surface.

Nine patients had received 30 sessions of HBO ther-
apy as an adjunctive therapy. Complete healing was 
achieved in all patients with a mean follow-up of 3.36 
months (min: 2 weeks, max: 10 months).

Mean ulcer duration and mean ulcer size were signifi-
cantly higher in the HBO therapy group than the non-
HBO therapy group (p: 0.021 and p: 0.036, respec-
tively). There was no statistically significant difference 
between these two groups in healing time (Table 2).

There was a moderate correlation between ulcer size 
and healing time (correlation coefficient: 0.737; p: 
0.001), whereas there was a weak correlation between 
CVI duration and ulcer duration (correlation coeffi-
cient: 0.420; p: 0.037). No significant correlation was 
detected among other variables.

Discussion
VLU pathophysiology is still not fully elucidated. Some 
ulcers heal slower and tend to relapse and this cannot 
be estimated initially. Compression bandages are the 
main therapy for VLUs6. There are some publications 
reporting that HBO therapy can also be effective7,8.

The age and gender profile in this study showed that 
males under 65 years old were predominant. Although 

Table 2. Ulcer properties

mean ± SD n (%) p

Total HBO non-HBO

Ulcerated leg
Right
Left
Both

12 (48%)
7 (28%)
6 (24%)

3 (33%)
2 (22%)
4 (44%)

9 (56%)
5 (31%)
2 (13%)

Ulcer localization
Lower inner & front calf
Lower anterior calf
Lower lateral calf
Lower medial calf

3 (12%)
2 (8%)
4 (16%)

16 (64%)

1 (11%)
1 (11%)
1 (11%)
6 (66%)

2 (13%)
1 (6%)
3 (18%)
10 (62%)

Fibrin (>50%) 12 (48%) 4 (44%) 8 (50%)

Ulcer duration (months)
 <6 months
6–12 months
 >12 months

20.32±37.16
12 (48%)
8 (32%)
5 (20%)

3 (33%)
2 (22%)
4 (44%)

9 (56%)
6 (38%)
1 (6%)

0.021

Ulcer size (cm²)
 <50 cm²
51–100 cm²
 >100 cm²

74.44±111.41
15 (60%)
4 (16%)
6 (24%)

4 (44%)
3 (33%)
2 (22%) 

11 (69%)
1 (6%)
4 (25%)

0.036

Healing time (months)
 <3 months
3–6 months
 >6 months

3.36±2.51
16 (64%)
7 (28%)
2 (8%)

5 (56%)
2 (22%)
2 (22%)

11 (69%)
5 (31%)
0 (0%)

0.141

Table 1. Characteristics of patients with venous leg ulcer

Mean age (years) 57.48±15.20

Gender female male
6 (24%)
19 (76%) 

BMI 33.40±7.22

Systemic diseases
Essential hypertension
Diabetes mellitus
Congestive heart failure

7 (28%)
6 (24%)
3 (12%)

CVI duration (years) 7.96±5.20

Venous insufficiency deep superficial 19 (76%)
6 (24%)

Smoking 15 (60%)

VLU history 13 (52%)

Evidence of previous DVT 15 (60%)

Deep venous reflux 19 (76%) 
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Local tissue hypoxia as an unfavorable environment is 
considered one of the reasons for a prolonged inflam-
mation phase with chronic wounds. During hyper-
baric oxygen therapy, patients breath 100% oxygen 
intermittently in a closed chamber at pressures of 1–3 
atmospheres absolute (ATA). With HBO therapy, the 
partial pressure of O2 (pO2) increases, more oxygen 
can be delivered to tissues and tissue oxygen tension 
increases, especially in hypoxic tissues14. In this regard, 
HBO may have improved the hypoxic environment of 
VLUs and may have contributed to the outcome of this 
study.

In a randomized, double-blind, placebo-controlled 
study published in 2018, Thistlethwaite et al.8 con-
cluded that HBOT is an effective adjunctive therapy 
when used in selected patients with VLUs resistant to 
compression bandage treatment alone. In our study, 
larger ulcer size (111.1 cm² versus 53.8 cm²; p: 0.036) 
and longer ulcer duration (42.2 months versus 8.0 
months; p: 0.021) in the HBO group may confirm our 
relevant patient selection for HBO therapy.

All patients healed completely after a mean follow-up 
of 3.36 months. There was also a moderate correla-
tion between ulcer size and healing time. The use of 
HBO therapy as an adjunctive method should be kept 
in mind for large VLUs unresponsive to compression 
treatment alone after 4 weeks.

It is warranted to investigate risk factors of VLUs in 
more detail and to evaluate them with outcomes in a 
higher number of patients with application of four-lay-
er compression bandages and HBO therapy together. 
A good understanding of the factors affecting out-
comes can be a guide for the selection of more effective 
and faster therapies.
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