ARASTIRMA MAKALESI / RESEARCH ARTICLE

The Effects of Four-layer Compression Bandages and
Hyperbaric Oxygen Treatment on Lower Extremity

Venous Ulcers

Dart-Katl Kompresyon Bandajlar ve Hiperbarik Oksijen Tedavisinin Alt Ekstremite Vendz

Ulserleri Uzerine Etkileri

Mustafa Aldemir', Bekir Selim Bagli?

'Department of Cardiovascular Surgery; “Department of Underwater and Hyperbaric Medicine, Bursa Higher Specialization Training

and Research Hospital, Health Sciences University, Bursa, Turkey

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 cm? 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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OZET

Amac: Vendz bacak Ulserleri alt ekstremitenin en sik gérilen ul-
serleridir. Vendz bacak dlserlerinin patofizyolojileri tam olarak
aydinlatilabilmis degildir. Ven6z bacak Ulserleri siklikla eksuda, agr
ve kétl koku gibi bulgulara sebep olur. Kompresyon bandajlari
vendz bacak ulserlerinde en etkin tedavi modalitesi olarak bilinme-
ktedir. Biz bu calisma ile dért-katli kompresyon bandajlari ve hip-
erbarik oksijen tedavisinin vendz bacak Ulserleri (zerine etkilerini
degerlendirmeyi amacladik.

Materyal ve Metot: Bu calismada, su alti ve hiperbarik tip polikli-
nigimize Eyltil 2016 ve Eyliil 2019 yillari arasinda vendz bacak Ulseri
nedeniyle basvurmus ve dért-katl kompresyon bandaji ile gerek-
tiginde adjuvan hiperbarik oksijen tedavisi de almis 25 hasta, te-
davinin etkinligini arastirmak amaciyla retrospektif olarak incelend.

Bulgular: Hastalann ortalama yasi 57,4 idi. Hastalardaki en sik
tespit edilen sistemik kronik hastalik hipertansiyon idi. Hastalarin
klinigimize basvurduklarindaki ortalama (lser ylizey alanlari 74,4
cm? ve yine ilk dlser tanisi Gzerinden gegen sire ortalama 20,3 ay
idi. Calismamizda inceledigimiz hastalarin tamaminin ortalama 3,36
aylik bir takipte tam olarak iyilestiklerini gézlemledik.

Sonug: Bizim calismamizda hastalarin iyilesme oranlari 12 haf-
ta sonunda %64 ve 24 hafta sonunda ise %92 idi. Ozellikle 6 ay
sonundaki yliksek iyilesme orani uygulanan tedavi metodlarimizin
gercekei ve etkili oldugunu desteklemektedir. Adjuvan hiperbarik
oksijen tedavisinin kullanilmis olmasi bu yliksek iyilesme oraninin
elde edilmesindeki énemli bir faktér olabilir. Tabi ki, yliksek hasta
sayilari ile planlanan calismalarda ajuvan hiperbarik oksijen tedavi-
sinin etkinliginin arastirimasinin venéz bacak llser tedavisine katki
saglayacagini distinmekteyiz.

Anahtar kelimeler: vendz bacak (lserleri; hiperbarik oksijen; kompresyon
bandajlari

lletisim/Contact: Mustafa Aldemir, Mimar Sinan Mah. Emniyet Cad. No:3S Polis Okulu Karsisi 16310 Yildirim, Bursa o
Tel: 0539 354 91 49 * E-mail: draldemir@yahoo.com e Gelis/Received: 18.07.2020 * Kabul/Accepted: 16.09.2020

ORCID: Mustafa Aldemir, 0000-0001-7048-5590 o Bekir Selim Bagli, 0000-0002-0942-2619

Kafkas J Med Sci 2021; 11(1 Suppl):144-148
doi: 10.5505/kjms.2021.13911



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
ulcers'. 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 leg’.
Chronic venous insufhciency (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 VLUs**.

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 smell®.

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 VLUs>C.
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.
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Four-layer compression bandages (Parris, Istanbul
Medikal, Istanbul, Tiirkiye) were applied to all patients
as the main treatment method twice weekly until the ul-
cer healed®'">. 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 wecks 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) cm” 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.

Table 1. Characteristics of patients with venous leg ulcer

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 coeficient: 0.737; p:

Mean age (years 57.48+15.20 .
ot 2 (yl ) : 0.001), whereas there was a weak correlation between
enaer remaie male . . .
6 (24%) CVI duration and ulcer duration (correlation coeffi-
19 (76%) cient: 0.420; p: 0.037). No significant correlation was
BMI 33.40£7.22 detected among other variables.
Systemic diseases
Essential hypertension 7 (28%) H H
Diabetes mellitus 6 (24%) DISCUSSIOI'I
Congestive heart failure 3 (12%) VLU pathophysiology is still not fully elucidated. Some
CVI duration (years) 7.96+5.20 ulcers heal slower and tend to relapse and this cannot
Venous insufficiency deep superficial 19 (76%) be estimated initially. Compression bandages are the
0, . . .
6 (24%) main therapy for VLUs®. There are some publications
Smoking 15(60%) reporting that HBO therapy can also be effective®.
VLU history 13 (52%) o
. . The age and gender profile in this study showed that
Evidence of previous DVT 15 (60%) .
males under 65 years old were predominant. Although
Deep venous reflux 19 (76%)
Table 2. Ulcer properties
mean = SD n (%) p
Total HBO non-HBO
Ulcerated leg
Right 12 (48%) 3 (33%) 9 (56%)
Left 7 (28%) 2 (22%) 5 (31%)
Both 6 (24%) 4 (44%) 2 (13%)
Ulcer localization
Lower inner & front calf 3(12%) 1(11%) 2 (13%)
Lower anterior calf 2 (8%) 1(11%) 1(6%)
Lower lateral calf 4(16%) 1 (11%) 3 (18%)
Lower medial calf 16 (64%) 6 (66%) 10 (62%)
Fibrin (>50%) 12 (48%) 4 (44%) 8 (50%)
Ulcer duration (months) 20.32+37.16 0.021
<6 months 12 (48%) 3(33%) 9 (56%)
6-12 months 8 (32%) 2 (22%) 6 (38%)
>12 months 5 (20%) 4 (44%) 1(6%)
Ulcer size (cm?) 74.44+111.41 0.036
<50 cm2 15 (60%) 4 (44%) 11 (69%)
51-100 cm? 4 (16%) 3(33%) 1(6%)
>100 cm? 6 (24%) 2 (22%) 4 (25%)
Healing time (months) 3.36+2.51 0.141
<3 months 16 (64%) 5 (56%) 11 (69%)
3-6 months 7 (28%) 2 (22%) 5 (31%)
~6 months 2 (8%) 2 (22%) 0 (0%)
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some studies have underlined that patients are main-
ly of advanced age and female”", there are also other
studies showing the opposite’. Age and gender charac-
teristics of the patients should bring to mind different
ctiologies. For example, patients younger than expect-
ed may bring to mind congenital etiologies.

In this study, nine of the patients were morbid obese
(BMI >35) and eight of the patients were obese (BMI
>30). In the study published by Kelly et al, BMI was
considered as one of the situations delaying VLU re-
covery’. In our study, high BMI may have been one of
the reasons for a relatively longer healing time (3.36
months)®.

Hypertension is a risk factor for CVL Seven (28%) of
the patients in this study had essential hypertension.
Kelly et al. found essential hypertension in 60% of their
CVI patients’. Why our rate was lower can be explained
by the fact that our patients were relatively young.

In this study, the mean CVI duration was similar to
other studies in the literature®. A weak correlation be-
tween CVI duration and ulcer duration seems logical
in the first instance, but it may be incidental for VLUs
progressing with frequent relapses.

VLUs are generally localized in the gaiter region, be-
tween the malleolus and calf muscle®. Similarly, in this
study, 76% of the patients had VLUs originating from

the lower inner calf region.

In this study, the larger ulcer size and longer ulcer dura-
tion time can be argued as evidence for more difficult
cases being admitted to our clinic. The moderate correla-
tion between ulcer size and healing time and these being
higher than previous studies support this opinion®.

Margolis et al.” stated that the presence of fibrin in
more than 50% of the wound surface is associated with
inability to heal venous ulcers. Similarly, Milic et al."
have stated that the presence of fibrin on more than
50% of the wound surface is an indicator of slow heal-
ing. In this study, the relationship between the pres-
ence of fibrin on more than 50% of the wound surface
and the healing time could not be analysed due to the
small sample size.

In a study conducted by Harrison et al."¥, the healing
rates after three and six months were 58% and 69%,
respectively. In this study, these rates were 64% and
92%, respectively. In our study, the higher healing rate
achieved after 6 months may prove that HBO as an ad-
junctive treatment is reliable and effective.
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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 tissues'. 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.* 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 cm” versus 53.8 cm?; 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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