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Abstract

Background/Aim. Diabetic foot is the term for the
pathological changes on foot in patients with diabetes. It is
caused by diabetic angiopathy, polyneuropathy and
osteoarthropathy. The treatment is complex and long-term
and often leads to the loss of the extremity. The appliance
of hyperbaric oxygen therapy (HBOT) has a lot more
important place in adjuvant treatment of this disease. The
aim of this study was to determine the influence of HBOT
on the wound healing in comparison with the conventional
treatment, the possibility of shortening the time of the
treatment in patients with diabetic foot. Methods. In a five-
year period a retrospective-prospective multicentric study,
involving 60 patients with diabetic foot divided into two
groups, was performed. The first group (group A) consisted
of 30 patients treated by combined therapy (with medica-
tions, surgical therapy and HBOT). All the patients were
receiving HBOT in the Special Hospital for Hyperbaric
Medicine, CHM Hollywell-Neopren in Belgrade. The con-
trol group (group B) also consisted of 30 patients treated
with medications and surgical therapy, but without HBOT.
Results. The demographic data, the types of diabetes, as
well as the Wagner classification stage of diabetic ulcers and
radiography scans of changes in bones were equal in both

Apstrakt

Uvod/Cilj. Dijabeti¢nim stopalom nazivamo patoloske
promene na stopalu kod bolesnika koji boluju od Secerne
bolesti, a uzrokovane su dijabetickom angiopatijom, poli-
neuropatijom i osteoartropatijom. Lecenje je kompleksno i
dugotrajno i ¢esto dovodi do gubitka esktremiteta. Primena
hiperbari¢ne oksigene terapije (HBOT) ima sve znacajnije
mesto u adjuvantnom lecenju ovog oboljenja. Cilj ovog rada
bio je utvrdivanje uticaja HBOT na efikasnije zarastanje
rane u poredenju sa konvencionalnim lecenjem i moguénost

groups. The median healing time of the Wagner grade III
ulcer in the group A was 37.36 days [mean T standard
deviation (SD) = 65.6 £ 45.8 days], and in the group B
99.78 days (mean £ SD = 134.8 * 105.96 days) and it was
statistically significant (p = 0.074). The median time of
recovery in patients of the group A with the Wagner grade
IV was 48.18 days (mean = SD = 49.7 £ 33.8 days), and in
the group B 85.05 days (mean £ SD = 86.7 = 71.6 days)
and that was statistically significant (p = 0.121). The foot
amputations were performed in both groups in 3 (10%)
patients. In the group A there were no high amputations,
whereas in the group B there were 4 (13.33%) below-knee
amputations and 4 (13.33%) above-knee amputations which
was highly statistically significant (p < 0.0001). Conclusion.
In this study, HBOT definitely showed positive adjuvant
role in the treatment of diabetic foot. For the good treat-
ment result it is essential the timely and successful surgical
treatment of the ulcer and the use of bandage with the
healing dressings. In case of the clear signs of local infec-
tion, the antibiotic therapy according to the antibiogram is
necessary.

Key words:
diabetic foot; hyperbaric oxygenation; amputation;
wound healing.

skracenja vremena lecenja bolesnika sa dijabetickim stopa-
lom. Metode. U petogodisnjem periodu uradena je retro-
spektivno-prospektivna  multicentricna  studija, koja je
obuhvatila 60 bolesnika podeljenih u dve grupe. Prva grupa
(grupa A) od 30 bolesnika lecena je kombinovanom terapi-
jom (medikamentoznom, hirurskom i HBOT). Svi bolesnici
dobijali su HBOT u Specijalnoj bolnici za hiperbari¢nu
medicinu, CHM Hollywell-Neopren u Beogradu. Kontrolna
grupa (grupa B), takode od 30 bolesnika sa dijabetickim
stopalom, lecena je medikamentozno i hirurski, ali bez
HBOT. Rezultati. Demografski podaci, tip dijabetesa,
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stadijum dijabetickih rana prema Wagner-u i nalazi radio-
grafskih promena na kostima bili su jednaki u obe grupe.
Medijana vremena za sanaciju rane III stadijuma po
Wagner-u u grupi A iznosila je 37,36 dana [srednja vrednost
t standardna devijacija (SD) = 65,6 * 45,8 dana], a u grupi
B 99,78 dana (srednja vrednost £ SD = 134,8 + 105,96
dana) (p = 0,074). Bolesnici u IV stadijumu po Wagner-u u
grupi A imali su medijanu vremena za sanaciju rane od
48,18 dana (srednja vrednost £ SD = 49,7 * 33,8 dana), a u
grupi B 85,05 (srednja vrednost £ SD =86,7 * 71,6 dana)
(» = 0,121). Amputacije stopala bile su izvrsene u obe grupe
kod tri (10%) bolesnika. U grupi A nije bilo ni jedne visoke
amputacije, a u grupi B su bile izvr$ene cetiri (13,33%)

potkolene i €etiri (13,33%) natkolene amputacije, $to je bilo
visoko statisticki znacajno (p < 0,0001). Zaklju¢ak. HBOT
u ovoj studiji kao i kod vedine drugih autora definitivno je
pokazala pozitivnu adjuvantnu ulogu u lecenju dijabetickog
stopala. Za dobar rezultat le¢enja potrebna je pravovremena
i sukcesivna hirurska obrada rane i zavoj lekovitim obloga-
ma. U slucaju pojave jasnih znakova lokalne infekcije po-
trebna je antibiotska terapija prema antibiogramu.

Kljucne reci:
dijabetesno stopalo; hiperbari¢na oksigenacija;
amputacija; rana, zarastanje.

Introduction

Diabetic foot is the term for the pathological changes on
foot caused by ischaemia as a consequence of micro-
angiopathy, the late notice of soft tissue damage and slow
ulcer healing as a result of polyneuropathy as well as the
uneven pressure of footwear due to the deformation of foot
because of diabetic osteoarthropathy "*. The curing demands
a complex multimodal treatment, including regulation of
glycaemia, antibiotic therapy, local treatment of the ulcer, as
well as surgical or endovascular revascularization in patients
with macro-occlusive artery disease. The healing of diabetic
foot ulcer is longterm and in 60% of patients it lasts about
one year. All this is accompanied by high treatment costs and
additional social problems °. In the most of European
countries 10% of health care costs are expended on diabetes
treatment, and 68% of those are spent on the curing the
disease complications.

In the newer literature hyperbaric oxygen therapy
(HBOT) has a lot more significant place in an adjuvant
treatment of this disease *. HBOT means a breathing 100%
oxygen in a special chamber, in higher ambient pressure
conditions (2.0-2.9 Kpa), determined by the particular
protocols. The oxygen content in plasma increases from 0.3
to 5.62 volume percents. The average number of treatments
is 20 (from 15 to 30). In normal conditions haemoglobin-
bound oxygen is transported to the cells in erythrocytes. In
the hyperbaric pressure conditions, according to the laws of
physics, there is the increased dissolution of molecular
oxygen in plasma which enables the oxygen supply even
there where the blood vessels are narrowed (the capillary
lumen is smaller than the erythrocytes’ diameter) or occlu-
sive > °. In patients with diabetic foot HBOT ameliorates the
peripheral tissue oxygen supply, and in addition to that
oxygen has antibacterial (for anaerobic flora it is bacte-
ricidal), anti-inflamatory and imunosuppressive effects " *.
These effects are made by the inhibition of prostaglandins,
interfereon gamma (IFNG), interleukin-1 and interleukin-2 %,
The hyperbaric oxygenation is beneficial for wound healing
due to stimulation of fibroblast proliferation and differen-
tiation, and rapid collagen synthesis '“ ''. The neovascu-
larization is stimulated and the energy metabolism of
peripheral cells is increased.

The aim of this study was to determine the significance
of HBOT as an adjuvant therapy that may influence on: the
efficient healing of diabetic foot ulcer in comparison to the
conventional type of treatment (with medications and
surgical treatment); the possibility of shortening the time of
diabetic foot healing and reducing the treatment costs in
patients with diabetic foot.

Methods

In a five-year period a retrospective-prospective multi-
centric study was conducted which involved 60 patients
divided into two groups. The first group (group A), consisted
of 30 patients, was treated by combined therapy (with
medications, surgical therapy and HBOT). There were 25
patients from the Clinic for Surgery “Zvezdara” in Belgrade
and the rest 5 of them were from The Clinic for the Vascular
and Endovascular Surgery, Clinical Center of Serbia,
Belgrade. All the patients were receiving HBOT in Special
Hospital for Hyperbaric Medicine, CHM Hollywell-Neopren
in Belgrade.

The control group (group B), also consisted of 30
patients, was treated with medications and surgical therapy,
but without HBOT. Twenty three patients were treated in the
Clinic for Surgery “Zvezdara” in Belgrade and the remaining
7 patients in the Clinic for the Vascular and Endovascular
Surgery, Clinical Center of Serbia, Belgrade.

Only the patients with diabetic foot in whom magistral
arteries were passable and surgical or endovascular revas-
cularization was not indicated, as proved by non-invasive
examination (Color duplex sonography — CDS, Ankle
brachial index — ABI), were included in the study. Before the
treatment, radiography scans were made to all the patients
and the wound smear was taken for the bacteriological exa-
mination.

The inclusion criteria for the study were: palpable pedal
pulses; an ancle-brachial index (ABI) higher than 0.75;
three-phase spectrogram on pedal arteries.

The surgical interventions were performed in both
groups depending on the type of diabetic foot lesions and
with: ulcers — necrectomia; phlegmons — incision, contra-
incision, drainage; osteomyelitis — incision, contra-incision,
sequestrectomia; gangrene — necrectomia or amputation.
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The transplantation of skin (Thiersch) was performed in
a few patients with the amputation of foot in the joint line
(Chopart or Lisfranc) in order to shorten the healing period.

The complete recovery considered the state of full
epithelialization of the wound or recovery of inflammatory
changes (the soft tissue and the bone). In patients with the
amputation the recovery considered the full healing of the
amputation stump.

Statistical analysis

Descriptive statistics were used for the processing
demographic and clinical characteristics of patients in both
groups. Categorical variables were compared by using x°
test. Continuous variables were compared by ANOVA test,
or Median test (for variables without normal distribution). A
significance of 0.05 was required. Means + standard devia-
tions (SD) and medians with the corresponding 95%
confidence intervals (CI) were estimated. Analyses were
performed using SPSS for Windows, Version 22 (SPSS, Inc.,
Chicago, IL).

Results

Patients characteristics in both groups are presented in
Tables 1 and 2.

The Group A was treated by combined therapy (with
medications, surgical therapy and HBOT), and the Group B
was treated in the same way, but without HBOT. It was
shown that there were no statistically significant differences
in demographic data between patients in the Groups A and B
(Table 3).

In the group A there were 11 patients with type 1
diabetes and 19 with type 2 diabetes. In the control group
there were 12 patients with type 1 diabetes and 18 with type
2 diabetes. There was no statistically significant difference
between groups regarding diabetes type. Among 30 patients
in the group A, 12 were with the Wagner grade III ulcers and
18 with the Wagner grade IV ulcers. In the control group
(group B) there were 10 patients with ulcers of the grade III
in the Wagner classification system, and 20 with the Wagner
grade IV ulcers (Table 3).

Based on the foot radiography, the patients were
divided into subgroups with osteoporosis, osteoarthropathy,
osteomyelitis and the normal finding of foot bones. In the
group A the normal result was found in 50% of the patients,
and in the group B in 60% of the patients (Table 3).

The most frequent pathological result was osteomye-
litis, which was diagnosed in 30% of the patients in the
group A and in 26.67% of the patients in the group B.
Radiography results of foot bones did not differ significantly
between groups.

The type of surgical intervention depended on the local
result (Table 3). Incision and drainage were performed in 5
patients in total, in the group A in 3 (10%) patients, whereas
in the group B in 2 (6.7%) patients.

Necrectomia was the most frequent intervention in the
group A (in 17 patients or 56.7%) while in the group B just
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in 3 (10%) patients. The finger amputations were conducted
in 7 (23.3%) patients of the group A and in 14 (46.7%)
patients of the group B. The foot amputations (transme-
tatarsal, in Chopart and Lisfranc’s joint line) were performed
in 3 (10%) patients in each the group. There were no high
amputations in the group A, but there were 4 (13.3%) below-
knee and 4 (13.3%) above-knee amputations in the group B
(» <0.0001).

In this study the mean (£ SD) healing time of the Wagner
grade IIT ulcer in the group A was 65.6 (+ 45.8) days whereas in
the group B it was 134.8 (+ 105.96) days (p = 0.074).

In the group A, the patients with the Wagner grade IV
ulcers had the mean time of healing 49.7 (+ 33.8) days, and
in the group B 86.7 (+ 71.6) days (p = 0.121) (Tables 4).

The first control examination was carried out immediately
after the healing process was finished, the second one was after
a month and later on, the examinations were carried out in three
months. In case of deterioration of the local result the
examinations were carried out more frequently.

In patients treated with HBOT the most common side
effects were discomfort and ear pain (17-20%) and claustro-
phobia (13%). The cases of pneumothorax and neurological
disturbances were not noticed.

Ten patients from the group A had some problems after
healing of diabetic foot lesions: one patient — foot pain and
discomfort during walking; five patients — ulcer appearing at
the different place on the same foot, or ulcer appearing on
the other foot; four patients — foot deformation after the
surgical interventions and discomfort during walking; four
patients died within a year; 7 patients did not come for the
control examination and their state was not known.

Discussion

The reasons for the bad outcomes of the diabetic foot
ulcer healing are combined influences of ischaemia with
hypoxia of soft tissues, prolonged wound healing due to
existing polyneuropathy and propensity to infection '>. Many
authors report about positive influence of oxygen therapy in
hyperbaric conditions on the healing or reducing the major
complications of diabetic foot ulcer. In this study the effects
of treatments on the Wagner grades 3 and 4 ulcers in two
groups of patients with diabetic foot were compared . The
first group of 30 patients was treated with HBOT and
medication and surgical methods (group A), whereas the the
control group (group B) was treated with medication and
surgical methods in the same way, but without HBOT.

In regards to significant parameters, this study showed the
positive influence of HBOT on diabetic foot ulcer healing,
especially in regard to the most important result — high
amputation. Moreover, there were no above-knee and below-
knee amputations whereas there were 8§ amputations in the
control group and that was highly significant (p < 0.0001).

The most patients in the group A well tolerated HBOT.
The most common side effects were discomfort and ear pain
(17-20%) and after that claustrophobia (13%). The cases of
pneumothorax and neurological disturbances were not
noticed.



VOJNOSANITETSKI PREGLED Vol. 77, No 4

Page 366

sAep 0¢ 0T X2p J[vYy oyvmauy sAep ¢ xap | Spad Jy0a v I £9 W i
2P w2p ] pod dyOa
skep o¢ 0T ‘] ‘11Y O1SIDUIDLIUOD 12 OISIOUT skep 01 “Xap'jjvy syijaduioa1sQ € I vi W vl
Yosia1Y
skep 0¢1 0z (odoyp) us 1 pod oypmdiay skep 01 / 14 I 19 d €1
skep 0g 0z %ap '] ‘pad A] ‘Sip oyvinduty skep 01 / 14 I €L W (4!
skep G ST uis | pad A] “Sip oyopnduy skep 0g p ‘pad A] ‘Tip syHa4u03150 14 I oL W 11
. oo . uts | ‘pad winion3ip M&M&Sc& DANIODA]
SA®p G 0¢ s 7 Ny SAEp ¢ uis ] ppaddyod 14 II 0s N 01
uis | ‘pad OISIOUIDLJUOD J5 OISIOU] wis 1 pad [ Sip s156102150
skep 06 0¢ uis | ‘pad 0IS{oul 3 DIOIIAIIDN skep ¢ / 14 Il 19 W 6
sAep ¢7 o€ uts ] pad DIUIOIIAOIN skep ¢¢ / 14 I 1L 4 8
yossaryJ “xap pad
skep €1 0¢ (uvfs1) xap ‘pad oyvinduty skep 01 $14043 §15040d02150 12 4 “31p SYIPAUI02ISO) € I v d L
s&ep of 0¢€ DIuojo240oN skep ¢1 / € I 0t n 9
DIULO]ILIN X9 7 " o -
i P 1 110y wwinovdf-d g
skep 0z 0¢ N op skep ¥ xop 1 ‘1iDY SHIAUOS) 14 I 9 W §
1 1]pY OISIOUIDLIUOD J2 OISIOUT
O1S10Ul Jo DIUIOJIDAIDN oG
skep 1¢ 0 op 1 1oy ooy skep ¢ xop ‘pad siso.0doassQ v I L9 W 14
skep [z 0z ‘uis '] pad OISIUIDJUOD 12 OISIOUT skep ©, / € 1I +9 W €
skep 0z1 (174 (wdoyp) xop 7| pad oyvnduty skep o¢ xap ] pad AT 2 [T 1 “Sip sytjpduiosrsQ 14 I 69 W (4
Top
ke 1 ‘pad 23vupJp 32 OISIOUIDLUOT sk “xap ‘pad winiopdip sis040doaisQ
P 0ST 0¢ ‘018 SO1SIADIOVADYIOUT P 0¢ “xap '] ‘pad 4 “3ip 154102150 £ I 9 W I
A “S1p oypinduy
SJUSUIIBaN
poisg Apms oy Apms (1ouBem) adAL
Suiresy 3 o,—m%awm: N UORURAIRYU [EOISINS SuL=us 210J0q JUSUIRSI], oy} Jo SurumSaq sy Je uess Lel X 100 operd 191N soeqeI(] 3By RpuRD | siuened
v dnoas aq3 — (LOGH) Adeioy) uagixoe ruieqradAy + Aderay) [puonuaaued £q pajean syuanjed jJo snsLddRIRYD [RIUI pue dydeiSowdq
T 21qeL

Stefanovi¢ Z, et al. Vojnosanit Pregl 2020; 77(4): 363—372.



Page 367

VOJNOSANITETSKI PREGLED

Vol. 77, No 4

UONJBIGISSR]D JOUTBAA 9Y) U0

‘sgpad spgwsiop ‘p — IVOd ‘PUN] IUBINSUT YI[BIF] [CUONIBN Aq UOISUI)XA juaunjear) 3q} Jo [eaordde oy uo se [[am se SI3d[n Jo dpeis

papuadap syudsunyessy JOGH JO Idqunu 3y ], ‘pajeary Apusnedino ssom syudned 9 seasoym ‘symonedur o) se pajear) a1 spudned 7 ‘v dnoix) ay) uy

skep 19 o€ uls °] pad Djuo1d2493N skep Q1 / 3 Il 09 W o€
skep 06 0T xop | pad D0} skep 01 / € I w W 6T
skep ¢y o€ Xop [ “J[DY DIOIIRLIIN s&ep 01 Xop [y SyYa4u031s0 4 I 99 W 14
sKep 0¢ o€ xap pad [ “Sip viworsaaN s£ep 081 xap ] ‘pad sis040doajsQ 14 I SL a LT
sAep 1T 0T X3P '] [IDY DIWOIIUIIN s&ep 051 / 4 il 134 W 74
skep (9 0 2P ] [0y DIMOIIAIN s&ep og / 4 I 9% W ST
skep 79 01 ‘uts | ‘pad viui0§oa40aN sAep ¢ / 1% I 69 d T
uts '] pad
110y #sip pyd orpodi;
skep Oz 0 o 3sip T OO sep G uis 1 o4 “sip 1oy syifoduoaiso € I LS W €
I[Py OISIOUIDLJUOD ]2 OISIOU]
skep 0T 0T xap °| ‘pad DI0pRLIN skep (9 / 4 | 0 W (44
s&ep p 09 0z 2p | ‘pad vIuI0gI2L09N skep 01 “xap ‘pad 515040d02150 4 1T 99 W |14
RM»Q 1 ﬁm& DIUIOJIDLIN
skep ¢ 0z oistouy skep L / 3 I 0L W 0z
skep 0¢ 01 ujs ' ‘pad oispouf skep g1 / € Il S9 A 61
skep 07 s1 s 10 opemdity skep g uIS 1oy syoAuosO 3 it 9 W 81
1S10U]
skep (9 0z x2p | ‘pad viui0g24N skep 61 / 4 I 08 d LT
sA®g] s | pad SAe UIS "1IDY SY12AUL0D]S(
P 09 0 otstout 13 Yoy oyvinduy P 0€ 1S [0y Sy 0 3 1T 53 W 91
sjusugean
pousd Apms o (1oudem) adAL
Suesy " WO@MMZ TUOTJUSAI)UI [BOI3INS SuLsyuo 210§5q JUSWEAIL, Apms a1 Jo Suruurdaq ot Je ueos eI X 100, opess 101 s31quIQT By Bpun | sjuened

(ponunuod) T JqeL

Stefanovic¢ Z, et al. Vojnosanit Pregl 2020; 77(4): 363-372.



Vol. 77, No 4

VOJNOSANITETSKI PREGLED

Stefanovi¢ Z, et al. Vojnosanit Pregl 2020; 77(4): 363—372.

Page 368

skep [Z1 “xop ‘pad [| ‘Sip oyvinduty skep I xop pad [T ‘Sip sjadui02150 12 Il IL d ST
s&ep 99 uis ] ‘jioy oyvmduy skep 1Z / 14 i o W ¥l
skep (9 xop ‘pad A “Sip oyvanduiy skep G| / € I Y N €1
skep 971 e éﬁmws&bﬁ skep g/ 1 pad ssasodonsg v 1l €9 W Al
pad aEch.h:aw 12 o1810U] s 1 pddyod
skep g1 us | spioudf oyonduty skep og / 12 I $9 W I
skep 97 xop | Stiouaf oyvmduty skep 1, / ¥ i 43 W o1
skep ¢¢ uls °| stnao oyvnduty skep (¢ / 12 Il €8 W 6
sA®p [6 xop ‘pad [T ‘Sip oyvpnduly sAep L / 14 I 29 N 8
skep 18 xop | Jivy oyvinduy s&ep €1 Xop 10y Syijaduioa1sQ v I 69 W L
xap ] pad
skep 09¢ sypsaoypviosua opwnduty skep o1 / € I 8$ W 9
skep g¢ uts 1 ‘pad A] “Sip oyvmnduty skep g1 uis | pad [T 43 Jy0d € I L 1 S
skep 0Z1 uis | ‘jpy oyvmduty skep (¢ / 14 1T €L W 14
Uus g .
skep 01T 1 pad 17 12 T ‘Stp osswmnduy skep € s | ‘pad [T ‘3ip suafui0a150 14 I IL W 3
skep yC xop pad A[ “Sip onpnduy skep L / € Il ¥9 W (4
skep 0ST pendingy) skep 0ZL ER L e € I 85 W I
‘uis | ‘pad oyvnduty ups | ‘pad syjafuios)sQ
porad UONUSAISU] [eO1SINg oy ma_wwaﬂuum 210J0q Apms o1 Jo Suruuidoq oY) e weos AI X 100,] (1ougen) odAL By IopusD sjuanReg
Surreoy ' s pouad juoummea] T apeid 100]N sajaqel(q ;
(g dnoa3 oy) A[uo Adeiay) [uonyuaAued Aq pajear) ndoas joxyued ay) ur sjuaned Jo INSLIdIBIRYD [BIMUID pue ddeiSomwa
(44 CLAN



Page 369

VOJNOSANITETSKI PREGLED

Vol. 77, No 4

stpad spappsiop y — Ivod ‘porrdd Sureay oyj uo papuadap Ae)s 1Y) Jo uoneinp Yy pue ‘Teydsoy oy 0} payrmupe d1am dnoad oxyuods agy ur syuoned ay) IV

skep 061 “xap '] ‘pad v1UI0JI2495\ skepp / € i LE W 0€
skep g[ xap | S1nLd oyoynduty skep 09¢ / ¥ 1 6L N 6T
wop | pod
skep gt DruojoaLoau skep L / € II (4] qd 8T
12 OISIOUIDIIUOD “OISIOUT
skep ¢ “op | siioutaf oyvinduty s&ep P 06 / 4 I 0L d Lt
skep 0vC xap ] ‘pad [T ‘Sip oyvinduty skep G1 / ¥ I 89 4 9T
skep 001 ups | ‘pad I “Sip oyvnduty skep 0[ / 4 1! 1L E ST
skep 1§ “xap ‘Jjpy oyvnduty skep 09 Xop [y SyHAUW021S0 14 II 99 W e
skep g[ "xap '] Spowaf oyoynduty skep 09 / 14 I 8L W €T
skep 081 ‘uts ] pad 23op24n0 15 o1s10U] sAep ¢ uts ] pad 4 syvsivyiawl Sy1{aduioa1s0) € o 6 W f4d
skep 1g “uts ] S1n42 oyvnduly sKep o¢ ‘uts '] ‘pad s1s040doa1sQ v 1 €S W 12
skep 017 (4pdoy D) xap | ‘pad oyvmduiy skep o€ / 4 I 9L d 0z
skep gz uis ] spno oyvpnduty skep o¢ uis ] oy syiafui0150 € 1 L9 W 61
skep 09 xop pad A] 3ip oypnduy s&ep 01 / 4 I 1§ d 8T
us g e - .
sAep 06 pod ors1ouD.100 15 OISTOUT skep 0Z1 us pad 4 “ip syjadutozssQ € II 9 W Ll
skep 19 uts pad A “3ip oyvnduty skep g1 ws | pad JyO0d 4 I 19 n 91
Apms
pouRg _ (aouSepm) adfy
Suneon UOTUSAIUI [eJ18ING 3y} SuLus 210J9q Apms oy Jo SuramSaq oY) Je weds Ael-X 100 opess 1o|n sa10qeIq a8y J9pURD sjuoned
’ poued justyesiy, :

(panupuod) 7 Jqey,

Stefanovic¢ Z, et al. Vojnosanit Pregl 2020; 77(4): 363-372.



Page 370 VOJNOSANITETSKI PREGLED Vol. 77, No 4

Table 3
Summary of patients demographic characteristics, diabetes mellitus (DM) type and the ulcer grade (Wagner
classification)

Characteristics Group A Group B p

Number of patients 30 30

Age (years), mean = SD 62.67 £10.71 64.20 £11.35 0.592
median 64.5 65.5
range 30-80 37-83

Gender, n (%)
female 7 (23) 8(27) 0.766
male 23.(77) 22 (73)

Type of DM, n (%)
I 11 (37) 12 (40) 0791
I 19 (63) 18 (60)

Wagner classification, n (%)
3 12 (40) 10 (33.3) 0.592
4 18 (60) 20 (66.7)

Radiographic findings, n (%)
without pathological result 15 (50.0) 18 (60.0)
osteoarthropathy 1(3.3) 3 (10.0) 0262
osteomyelitis 9 (30.0) 8 (26.7)
osteoporosis 516.7) 1(3.3)

Intervention type, n (%)
incision 3(10.0) 2(6.7)
necrectomia 17 (56.7) 3(10.0) 0.0001
finger amputation 7(23.3) 14 (46.7)
foot amputation 3 (10.0) 3 (10.0)
high amputation 0(0.0) 8 (26.7)

Group A — patients treated by combination of conventional therapy + hyperbaric oxygen therapy (HBOT);
Group B — patients treated by conventional therapy only; SD — standard deviation.

Table 4
Treatment period before entering the study and the healing period in patients with diabetic foot
Treatment period 5% Cl
n Mean + SD lower upper Min. Max.
(days)
bound bound
Group A
before entering the study Wagner 3 12 26.2 +£31.7 6.0 46.3 7.0 120.0
Wagner 4 18 39.5+54.0 12.7 66.3 3.0 180.0
Total 30 342 £46.2 16.9 514 3.0 180.0
healing period Wagner 3 12 65.6 £45.8 36.5 94.7 20.0 150.0
Wagner 4 18 49.7 +33.8 32.8 66.5 15.0 130.0
Total 30 56.0 £39.1 41.4 70.6 15.0 150.0
Group B
before entering the Wagner 3 10 94.6 £222.4 -64.5 253.7 7.0 720.0
study Wagner 4 20 54.5 £80.1 17.0 92.0 7.0 360.0
Total 30 67.9+141.2 15.2 120.6 7.0 720.0
healing period Wagner 3 10 134.8 £106.0 59.0 210.6 28.0 360.0
Wagner 4 20 86.7+71.6 53.2 120.2 15.0 240.0
Total 30 102.7 +85.9 70.7 134.8 15.0 360.0

SD — standard deviation; CI - confidence interval.
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Baroni et al. '* were among the first who published
treatment outcomes with HBOT. In their study, when compa-
ring the two groups of patients (the group treated with HBOT
and the group without receiving HBOT) the statistical
analysis using ° test demonstrated highly significant diffe-
rence (p = 0.001) in favour of HBOT. In regards to the most
significant parameter, the limb amputation, HBOT drasti-
cally reduced the percentage of amputations. These results
coincide with our experience.

Kalani et al. ' from Karolinska Hospital, Stockholm,
Sweden, in their study followed-up the treatment results of two
groups of patients with diabetic foot (treated with and without
HBOT) during 3 years. Seventy six percent of patients treated
with HBOT had healed ulcer lesion and intact skin, whereas in
the group of patients treated conventionally that effect was
obtaind in 48% of the patients. The amputation had to be
performed just in 12% of the patients in the HBOT group and in
33% of the conventionally treated patients .

The mechanisms by which HBOT acts positively on
diabetic foot ulcer healing are the reducing of wound exudate
and stimulation of granulation process. The values of partial
oxygen pressure in the wound surrounding during HBOT
may indicate the future treatment outcome. There is positive
correlation between transcutanous oxygen pressure (TcPO2)
values and the speed of the wound size and exudate reduc-
tion, and epithelialization '°. A negative correlation between
TcPO2 values and parameters of wound healing was de-
termined in the group of patients whose treatment ended with
high amputations "’

The authors who have compared the patients with the
Wagner grades III and IV diabetic foot ulcer conclude that
HBOT after 30 sessions greatly contributes to prevention of
amputations and the healing of the wound by epithelialization,
but an antibiotic therapy has alsorole in the healing process '*.

In comparison with the results of Fedorko et al. * who
randomly chosen 103 patients divided into two groups (49 in the
HBOT group and 54 in the control group), our results are far
better regarding amputations. They had 22.4% of high
amputations in each group. In HBOT group 11 out of 49, and in
the control group 13 out of 54 patients with the Wagner grades
I and IV diabetic foot ulcer had underwent amputations.

Conclusion

HBOT definitely has positive adjuvant role in managing
diabetic foot. For the optimal treatment results successful
surgical ulcer treatment is necessary and the use of bandage
with the healing dressings, as well as the treatment with
HBOT. In case of the clear signs of local infection, antibiotic
therapy according to the antibiogram is necessary.

The medical practitioners, the patients and policy
creators should define good clinical practice guidelines of
Shared Decision Making for appliance of hyperbaric oxygen
therapy as the additional treatment for diabetic foot
management. The future researches should be aimed at the
improvement of methods for choosing patients, testing
various protocols of treatment and improvement of trust in
those assessments. The routine implementation of
transcutaneous oximetry imposes itself as a simple, cheap
and reliable method for early assessment of HBOT efficacy
and the patients are not needlessly exposed to the efforts
which exist at some degree (arrival from their home to
Centre for baromedicine or organizing transport from their
hospital to the Centre). The special problem is the treatment
cost which should be paid by the Health Insurance Fund
without interference with ethical principles that every patient
should have the same right on treatment if that treatment is a
proper one.
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