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Hyperbaricka oxygenoterapie u obtizné se hojicich ulceraci:
mechanizmy ucinku, soucasna evropska doporuceni a
kazuistika
Hyperbaric Oxygenotherapy in Non-healing Ulcerations:
Mechanisms of Action, Current European Recommendations and
Case Report
Michal Hajek, Jitka Klugarova, Dittmar Chmelar, Miloslav Klugar

IV. Sympozium DEKUBITY — SDILENI ZKUSENOSTI
NA MEZINARODNI UROVNI

8.11.2019 Daty podloZzené znalosti, dovednosti a doporucené postupy

pro peci o dlouhodobé nemocné pacienty

Brno, Hotel Voronéz

I'V. PRESSURE ULCERS -—SHARING EXPERTISE

INTERNATIONALLY
Data-based knowledge, skills and guidelines
for the care of long-term 1ll patients




Definice HBO

* HBO je systémova lécebna metoda, spocivajici
v kratkodobém, intermitentnim, inhalacnim podani 100%
kysliku za podminek tlaku vyssiho, nez je tlak atmosféricky

* [éCebny tlak je zpravidla 2.0 —2.8 ATA (200-280 kPa)
* obvykla doba trvani cyklu Cini 120 minut

* u nékterych stavt 300 a vice minut

e 1-2x denné - chronicka onemocnéni

e 1-3x denné - akutni stavy

 celkové mnozstvi expozic zavisi na stavu, indikaci a
predepsaném lécebném programu



Prehled leCebnych center hyperbarické oxygenoterapie

na uzemi CR
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ni situace CR

Aktua

*v provozu 13 lécebnych hyperbarickych
zarizeni,

* 10 potapecskych dekompresnich nebo
vycvikovych komor v rezii zachrannych

slozek armady, policie, hasi¢ského sboru
nebo banské zachranne sluzby,

*minimalné 3 experimentalni pracovisté na
lékarskych fakultach (Plzen, Olomouc,
Ostrava)



Experimentalni hyperbaricka komora Haux s vlastnim primym

vodnim ohrivacim systémem, Katedra biomedicinskych oboru,
Lékarska fakulta OU v Ostrave
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Effect of hyperbaric air on endotoxin from Bacteroides fragilis strains.
Chmelar, D., KasSikova, A., Martinekova, P., Hajek, M., Rozloznik, M., Brabec, J.,
Janeckova, J., Vobejdova, J., CiZnar, I.

Folia Microbiol (2017). https://doi.org/10.1007/s12223-017-0564-1
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Nejvetsi [éCebné hyperbarickeé zarizeni na
svete - Univerzitni nemochice v Lille

Zdroj: Haux Gmbh Karlsbad






Hyperbaricka medicina- multidisciplinarni spoluprace

Diabetologie
Podiatrie

Angiologie
A

E Emergency Chirurgie J




Doporuceni podle 10. konsenzualni konference
ECHM 2016

; Stupef dikazd

Indikace typu 1 a . c
Araerobnl nebo smitend bakteridinlinfekce X
Imtoxikace oxidem uhelnatym X
Cnemocnénl z dekomprase X
Plyriowd embaolia X
Oievloné fraktury s driivemn porardnim X
Ostecradionekndza (mandibula) X
Pravence ostecradionakrizy po extrakci zubu X
Radionekrdza mékkich tkani (cystitida, proktitida) X
Mahld perceplnl porucha shuchu X

; Stupef dikazd

Indikace typu 2 . . c
Popdlenirny, 2. stuper, vica neZ 0% télasného povrchu X
Uzdwér centralnl sitmicows tapry X
Kompromitovand koEnl $t&py a svalovs-koznl laloky M
Crtivd poranénl bez frakiury X
Ciabaticka ulceraca X
Avaskuldrnl nekréza hlavice fernuru X
lzchamicks ulcerace X
Meurcblastomn, 4, stuper X
Ostecradionakrdza (ostatnl kosti kromé mandibuly) M
Pneumatosis cystoides intestinalis X
Radionekndza mékkych tkanl (ostatnl tkand kromé cystitidy a proktiticy) X
Rafrakternl chronicka osteomyelitida X
Chirurgicky zékrok a implantace na oczéfenych tkankh [prevantivil 162ba) X




Doporuceni podle 10. konsenzualni konference

ECHM 2016

Stupefi dikazd

Indikace 3
fypu A B C

Poranénl mozku u wysoca salektovarych plipadl (akutnl a chronicka faze traumatickeho
poranénl mozku, chronicka faze iktu, postanoxicks encefalopatia)

Intersticidlnl cystitida

Replantace kondetin

Reperfuml syndrom po revaskularizacnim cavnim zakroku

Radiacnl poikozeni hrtanu

Radiacnl potkozeni CNS

Vybrané nehojicl se ulcerace u systamovych cnemocnénl

et | et | gen | et | | me | s

Srpkovita anémie

Stupefi dikazi

Indikace typu 1, nedoporucované k &cbé HBOD A 0 C

Autisrnus

X
Détska mozkovd obrna X
Roztrouiend sklerdza X

Placentarnl insuficience X

[ktus - akutnl faze X

Tinitus X




Komplexni prehled mechanizm
hyperbarické hyperoxie

Antibakterialni efekt
Synergicky efekt s ATB

Zlepseni funkce leu
ovlivnénim fagocytozy a
oxidacniho procesu

Tlumeni produkce toxinu
anaerobu

Regrese otoku

Urychleni demarkace mezi
nekrotickou a zdravou tkani

Angiogeneze,vaskulogeneze,
proliferace, epitelizace,
syntéza kolagenu

Zlepseni deformability ery
do 2ATA

Zvyseni aktivity osteoklastt

Snizeni lipidové peroxidace a
zmirnéni prubéhu I-R fenomenu

snizeni interakce PMN/ endotel
inhibici CD 11b/18 a endotel.
adhezivnich molekul ICAM-1, E-
Selektin

Zvysuje hladinu enzymatickych
antioxidacnich mechanismu

Downregulace TNF alfa, cytokind,
upregulace VEGF

Utlumeni ¢asného stadia apoptosy

Proliferace a diferenciace kmenovych
buneék...

Signalni transducer- regulace
procesu-enzymy, geny



Definice chronické kritické ischémie

Pretrvavajici klidové
ischemické bolesti s
nutnosti medikovat
analgetika po dobu delsi
nez 14 dnu

Ulcerace nebo gangréna
na noze

kotnikovy systolicky TK<60
mm Hg, palcovy TK <40
mm Hg

d



Lécba kritické ischémie

* Konzervativni |éCba nerevaskularizovatelné kritické
ischemie dolnich koncetin spociva v podavani
vasodilatacni infusni terapie (prostavasin) a v [éCbé
lokalnich komplikaci,

* je dlouhodobé neuspokojiva a otevira uvahy o
moznostech |écby ischemické choroby dolnich
koncetin vyuzitim cilené vaskulogeneze.

* HBO,
* Autologni kmenové bunky, event. kombinace



Vliv HBO na hojeni obtizné se hojicich ulceraci

* Chronické ulcerace- hypoxie-nedostatecna perfuze,
spotreba 02- kolonizace mikroorganismy- infekce-hypoxie-
circulus vitiosus-sepse

* ulcerace hypoxické se bud nehoji viibec, nebo pomalu

* Slozky tkanové reparace - hydroxylace prokolagenu
(aktivita enzymu roste linearné s pO2 do 200 torr),
deposice fibroblastl, zabijecska funkce makrofagu,
epitelizace, angiogeneze - 02 dependentni

e 2 predominantni mechanismy zesiluji hojeni ulceraci
béhem HBO: hyperoxie a zvysena produkce NO- signalni
molekula, regulator mikrocirkulace a endotelialnich bb.,
regulator opravy tkanové matrix a mediator angiogeneze
(VEGF)



Efekty HBO u obtizné se hojicich ulceraci

* HBO prinasi mnoho pozitivnich efektl v hojeni ran a ulceraci

* hyperoxygenace, mobilizace vaskulogennich a endotelialnich
progenitorovych buneék,

e antiedematozni, antiischemicky, antibakterialni,
protizanétlivy efekt,

e potlaceni reperfuzniho perivaskularniho tkanového poranéni

e urychleni demarkace a odlouceni nekrozy, zklidnéni a
vyCisténi rany, podpora tvorby granulacni tkané

* snizeni bolestivosti, podpora epitelizace, coz vede
k postupnému zmensovani velikosti az uplnému zhojeni rany.



KroghUv cylindricky model prarezu kapilary- mnohonasobné zvyseni
difuzniho gradientu a difuzni vzdalenosti 02

HEO

0, w0

vzduch

venula

arteriola

10 nasobné zvySeni difuzniho objemu 02, Krogh A. J Physiol 1919; 52:409-15,



/Zvyseni difuzniho gradientu a prodlouzeni difuzni
vzdalenosti 02

* Intermitentni korekce hypoxie muze pres vSechny
prekazky, vytvorené otokem a Spatnym prokrvenim,
podporovat zakladni metabolické pozadavky a pomoci
udrzet bunécnou integritu a funkci.

* To muze vést k zachrané koncetiny a okrajovée
prokrvenych tkani.

* Taktéz muze byt oxygenovan bakterialni hypoxicky nebo
anoxicky biofilm.



Mobilizace progenitorovych kmenovych bunek z
kostni drfene, usazeni v misté rany a diferenciace ve
vaskularni bunky

* HBO zvysuje 8-nasobné hladinu autolognich vaskulogennich
kmenovych bunék v krvi zvysenim hladiny NO v kostni
dreni(eNOS efekt)

* HBO stimuluje rust a diferenciaci kmenovych bb.(HIF-1, HIF-
2) tzv. homing

* Thom SR, Bhopale VM, Velazquez OC, Goldstein LJ, Thom LH, Buerk DG. Stem cell mobilization by hyperbaric oxygen. Am J Physiol Heart
Circ Physiol 290: H1378-H1386, 2006.

* Goldstein LJ, Gallagher KA, Bauer SM, Bauer RJ, Baireddy V, Liu ZJ, Buerk DG, Thom SR, Velazquez OC. Endothelial progenitor cell release
into circulation is triggered by hyperoxia-induced increases in bone marrow nitric oxide. Stem Cells 24: 2309-2318, 2006.

* Milovanova TN, Bhopale VM, Sorokina EM, Moore JS, Hunt TK, Hauer-Jensen M, Velazquez OC, Thom SR. Hyperbaric oxygen stimulates
vasculogenic stem cell growth and differentiation in vivo. J Appl Physiol 106: 000-000, 2009. First published November 20, 2008;

* Vasculogenic stem cell mobilization and wound recruitment in diabetic patients: Increased cell number and intracellular regulatory

protein content associated with hyperbaric oxygen therapy, Stephen R. Thom et al, Wound Repair and Regeneration Volume 19, Issue 2,
pages 149-161, March/April 2011



Mobilizace kmenovych bunéek po HBO u

nediabetiku (radiacni poranéni mekkych tkani)




Rust kapilar v zavislosti na poctu expozic HBO
na modelu tkané s radiacnim poranénim

Nizky gradient

5,10, 15, 20, 25, 35, 40, 55 mmHg 5,15, 25, 40, 55, 55 mmig

5, 25, 35, 55, 55, 55 mmHg 30, 40, 55, 55, 55 mmHg

Upraveno podle: Marx R: Radiation injury to tissue. In: Kindwal EP, Whelan HT (ed.):
Hyperbaric Medicine Practice. Second Edition Revised. Best Publishing Company, Flagstaff
2002, 661-723)



HBO JAKO LECIVO- ANGIOGENEZE

100 —

o %WW%@@—@—@
80 —
70
60 —

50 —

40 —

30 _ O  TcPO, (LSICS) N = 34

20 _| A TcPO, (MPRF) N = 34

10 —

/] 1) /]

/] /]
I N D D B D B N R /A

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 1yr 2yrs 3yrs 10 yrs

Marx R.E. Hyperbaric oxygen in oral and maxillofacial surgery.
Problem wounds and hyperbaric oxygen, 1991.



Mobilizace kmenovych bunéek po

HBO u diabetikU




Impaired eNOS—NO cascade in the bone marrow and downregulated SDF-1alfa production at the injured tissues in
diabetic mouse. Impaired eNOS phosphorylation results in decreased production of NO in bone marrow, which
affects downstream pathway leading to EPC mobilization. In the injured tissues, production of SDF-1alfa is
downregulated, resulting in decreased recruitment/homing of circulating EPCs. The EPC number in diabetic BM is
diminished because of unknown mechanisms. These factors contribute to the impaired neovascularization and

delayed or nonhealing wounds in diabetes.

Impaired eNOS
phosphoryiation &

I SDF-1
m';:::::“io“ = decreased NO production
Signals |
p-eNOS |
X
NO |

SDF-1ax-CXCR4
mediated homing

LS
- Ouu®

gt o-Kit oKt oKt
Decreased BM EPC

Bone Marrow

Stromal Cell
2
MMP-9 '
5
ProMMP-9

in diabetes
R o e e

(Survival/Growth?)

Liu ZJ., Velazquez OC., Hyperoxia, Endothelial Progenitor Cell Mobilization, and Diabetic Wound Healing

ANTIOXIDANTS & REDOX SIGNALING Volume 10, Number 11, 2008



Synergistic effects of hyperoxia and exogenous SDF-alfa on regulating EPC mobilization and
homing. Hyperoxia (HBO) increases NO levels, likely through stimulating the NOS/NO pathway;, in
bone marrow to promote EPC mobilization. EPCs express CXCR4 on the cell surface. Local
supplement of SDF-1alfa enhances EPC homing to the wound tissues via SDF-1alfaCXCR4—

mediated interaction. SDF-1alfa might also functions as a signal to stimulate bone marrow EPC
mobilization.

"

Hyperoxia
Supplement may stimulate
,<\ of SDF-1a his pathway in
/‘ diabetic mice
PISK/ Bone Marrow
VEGF-A VEGFR2 = kT % Stromal Cell
= - B eNOS
SDF- 1w/ CXCR4 l

MMP-9 == g
NO | ‘
SDF-1a-CXCR4
% mediated homing ProMMP-9

Liu ZJ., Velazquez OC., Hyperoxia, Endothelial Progenitor Cell Mobilization, and Diabetic Wound Healing
ANTIOXIDANTS & REDOX SIGNALING Volume 10, Number 11, 2008



Diabeticka noha- SDN- definice,
epidemiologie
* SDN je podle WHO definovan jako ulcerace nebo
destrukce tkani na nohou u diabetikl spojeny s

neuropatii, ruznym stupném ischemické choroby
dolnich koncetin a ¢asto i s infekci.

* Defekt Ci ulceracevv ramci syndromu diabetické
nohy postihuje v CR kazdorocné 5,5-7 % diabetické
populace.

* Vice nez 40 000 osob z celkového poctu pacientu s
diabetem

= K amputaci dochazi asi ve 20 % pripadu DN-cca
8000/rok,



Relativni pocCty 5-leté mortality

*American Cancer Society 2000, van Baal et al. 2010
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Kacinom M.Hodgkin

Karcinom ICHDK
prostaty*

Kolorektalni Charcotova diabetické
prsu*

amputacef Karcinom Karcinom
karcinom* noha$

plic pankreatu

Jirkovska A., Syndrom diabetické nohy podle Mezinarodniho konsenzu- aktuality v diagnostice
a lécbé, Konference hojeni ran, Ostrava 2012

ulcerace/










Studie - syndrom diabetické nohy

Autor Publik. Random. Zaslepeni Pocet pac.
Baroni et al 1987 Ne Ne 18/16
Oriani et al. 1990 Ne Ne 62/18
Wattel et al. 1990 Ne Ne 59/0
Doctor et al. 1992 Ano Ne 15/15
Faglia et al. 1996 Ano Ne 35/33

Mathieu et al. 1997 Ne Ne 29/0
Zamboni et al 1997 Ne Ne 5/5
Kalani et al 2002 Ne Ne 15/15
Kessler et al 2003 Ano Ne 15/13
Abidia et al 2003 Ano Ano 8/8
Duzgun et al 2008 Ano Ne 50/50
Londhal et al 2010 Ano Ano 49/45

Baroni G, Porro T, Faglia E, et al. Hyperbaric oxygen in diabetic gangrene treatment. Diabetes Care. 1987;10:81-86.337/diacare.10.1.
Doctor N, Pandya S, Supe A. Hyperbaric oxygen therapy in diabetic foot. J Postgrad Med 1992; 38:112-4.81 Diabetes Care January 1987 vol. 10 no. 1 81-86

Faglia E, Favales F, Aldeghi A, et al. Adjunctive systemic hyperbaric oxygen therapy in the treatment of diabetic foot ulcer. A randomized study. Diabetes Care 1996;

19:1338-43.

Kalani M, Jérneskog G, Naderi N, Lind F, Brismar K. Hyperbaric oxygen (HBO) therapy in treatment of diabetic foot ulcers. Long term

follow-up. J Diabetes Complications 2002; 16:153-8.
Kessler L, Bilbault P, Ortéga F, et al. Hyperbaric oxygenation accelerates the healing rate of nonischemic chronic diabetic foot ulcers. Diabetes Care 2003; 26:2378-82.
Abidia A, Laden G, Kuhan G, et al. The role of hyperbaric oxygen therapy in ischaemic diabetic lower extremity ulcers: a double-blind randomized-controlled trial. Eur J Vasc
Endovasc Surg 2003; 25:513-8.
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Efekt HBO na hojeni DFU
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Efekt HBO na redukci vysokych
amputaci

Baroni 1987 Oriani 1990 Doctor 1992 Faglia 1996 Faglia 1998 Kalani 2002 Abidia 2003 Duzgun 2008 Lozr:)d].;hl
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Kranke P, Bennett MH et al. Hyperbaric oxygen therapy for chronic
wounds. Cochrane Database Syst Rev 2015; Jun 24,;6:CD004123. doi:
10.1002/14651858.CD004123.pub4.

 Deset studii (531 ucéastnikt) zahrnovalo pacienty s diabetickymi
ulceracemi: sdilena data z péti studii s 205 ucastniky prokdzala narust
miry hojeni viedl (pomér rizika (RR) 2,35, 95% interval spolehlivosti
(Cl) 1,19 az 4,62; P =0,01) s HBO po 6 tydnech, ale tento efekt nebyl
patrny v dlouhodobéjsim sledovani po jednom roce,

* Nebyl zadny statisticky vyznamny rozdil v mire vysokych amputaci
(sdilena data z péti studii s 312 ucastniky, RR 0,36, 95% CI 0,11 az 1,18).

e Zaver: U osob s SDN HBO vyrazné zlepsilo hojeni ulceraci v
kratkodobém horizontu, ale nikoli v dlouhodobém a studie mély
rizné nedostatky v designu nebo vysledcich,

e Dalsi studie jsou potrebné k spravnému vyhodnoceni efektu HBOT u
pacientl s chronickymi ranami;

* Tyto studie musi byt adekvatné naplanovany a navrzeny tak, aby
minimalizovaly vsechny druhy zkresleni.



Huang et al., 2015

* Agentura pro zdravotnicky vyzkum a kvalitu Americké podmorskeé a
hyperbarické lékarské spolecnosti (UHMS) publikovala klinické
doporuceni pro praxi pouziti HBO v Iécbé SDN

e Pét RCT (publikovanych v letech 1992 - 2010) a pét observacnich studii
(publikovanych v letech 1990 - 2013) bylo zahrnuto do této analyzy.

* HBO je povazovana za prinosnou (stupen dukazlii GRADE: mirny)
v podpore uplného zhojeni a prevenci zavaznych amputaci u pacientu
ve stadiu Wagner 3 nebo vyssi, kteri nevykazovali zadné vyznamné
zlepsSeni po 30 nebo vice dnech |écCby.

U pacientli s SDN Wagner st. 3 nebo vice, kteri absolvovali chirurgicky
zakrok (debridement infikované nohy, maly amputacni zakrok, incizi,
drenaz hlubokého abscesu nebo nekrotizujici infekce mékkych tkani),
doplnéni akutni pooperacni HBO ke standardni |Iécbé snizuje riziko
neuplného zhojeni ¢i riziko vysoké amputace (stupen dukazi GRADE:
mirny).

* U pacientu s SDN st. Wagner 2 nebo nizsi byla zjisténa velmi nizka
uroven dukazl pro pouziti HBO jako doplinkové lécby.



Hingorani et al., 2016

*Ke zlepseni péce o pacienty s SDN vypracovala
Spolecnost pro cévni chirurgii ve spolupraci s
Americkou podiatrickou lékarskou asociaci a
Spolecnosti pro cévni medicinu metodicky pokyn
klinické praxe

*doporuceni konkrétnich postupu s vyuzitim stupné
doporuceni pro posuzovani, vyvoj a vyhodnoceni
(systém GRADE).

*HBO se doporucuje u pacientu s SDN, ktefri maji
dostatecné prokrveni, bez zlepSeni po 4 az 6 tydnu
trvajici konzervativni lécbé (stupen 2B).



Elraiyah et al., 2016

*Spolecnost pro cévni chirurgii vydala
systematicky prehled a metaanalyzu

*\/ deviti randomizovanych studiich
(publikovanych v letech 1996 a 2011), byla
adjuvantni HBOT ke konvencni lécbé
(oSetrovani ran a odlehceni) spojena se
zvysenou mirou hojeni ulceraci a
shizenou mirou vysokych amputaci ve
srovnani s konvencni lécbou samotnou



Ludwik Fedorko,® James M. Bowen, &>

Wilhelmine Jones,” George Oreopoulos,”

Hyperbaric Oxygen Therapy Does

Not Reduce Indications for RO Coeree Pt & Hopkins ™ and
Amputation in Patients With

Diabetes With Nonhealing Ulcers

of the Lower Limb: A Prospective,

Double-Blind, Randomized

Controlled Clinical Trial

POl 10.2337/dc15-2001  piapetes Care Publish Ahead of Print, published online January 6, 2016

RESEARCH DESIGMN AND METHODS
Patients with diabetes and foot lesions (Wagner grade 2—4) of at least 4 weeks
duration participated in this study. In addition to comprehensive wound care,
participants were randomly assigned to receive 30 daily sessions of 90 min of
HBOT (breathing oxygen at 244 kPa) or sham (breathing air at 125 kPa). Patients,
physicians, and researchers were blinded to group assignment. At 12 weelks post-
randomization, the primary outcome was freedom from meeting the criteria for
amputation as assessed b Secondary outcomes were mea-
sures of ealing.

ESULTS

One hundred fifty-seven patients were assessed for eligibility, with 107 randomly
assigned and 103 available for end point adjudication. Criteria for major amputa-
tion were met in 13 of 54 patients in the sham group and 11 of 49 in the HBOT
group (odds ratio 0.91 [95% Cl10.37, 2.28], P =0.846). Twelve (22%) patients in the
sham group and 10 (20%2:%) in the HBOT group were healed (0.90 [0.35, 2.31], P =
0.823). All other indices of wound healing were also not statistically significantl
t between groups.

COMCLUSIONS

HBOT does not offer an additional advantage to comprehensive wound care in
reducing the indication for amputation or facilitating wound healing in patients
with chronic DFUs.



VIna negativnich hodnoceni této studie

Diving Hyperb Med. 2016 Sep;46(3):133-134. Poorly designed research does not help
clarify the role of hyperbaric oxygen in the treatment of chronic diabetic foot ulcers.
Mutluoglu M?, Uzun G?, Bennett M3, Germonpré P4, Smart D°, Mathieu D®.

COMMENT ON FEDORKO ET AL.

Hyperbaric Oxygen Therapy Does Not M. Hassan Murad
Reduce Indications for Amputation in
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Priciny kritiky
* 45% pacientl ve st. Wagner 2 - guidlines zde HBO nedoporucuji

* Primarni outcome —splnéni kritérii pro vysokou amputaci na zakladé
hodnoceni digitalni fotografie cévnim chirurgem namisto skutecného poctu
amputaci na zakladé face-to-face konziliarniho multidisciplinarniho
rozhodnuti

* Transmetatarzalni amputace razena mezi vysoké amputace??

 Kolik skutecnych amputaci bylo béhem studijni doby a béhem naslednych 3
let?

 Kratky cas follow-up -12 tydnl namisto 1 roku
* Pouze 61% pacientli z HBO skupiny dokoncilo planovanych 30 expozic
* Chybi data tykajici se stavu periferni vaskularni cirkulace

* Chybi méreni tcp02, obvykle uzivana metoda k hodnoceni, vybéru populace
pacientu pred, v pribéhu a po ukonéeni HBO

 Studie neprinasi védecky prinos, nybrz zanechava pacienty, klinické Iékare a
platce péce jesté vice zmatenymi, nez drive

 Tato studie neprispiva k identifikaci pacientU, ktefri by mohli profitovat z HBO,
naopak jeji zavéry nejsou opravnéné a podlozené predlozenymi daty
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SERIOUS PROBLEMS WITH THE TORONTO HYPERBARIC OXYGEN (HBO) FOR
DIABETIC FOOT ULCER (DFLT) STUDY: ‘HOW THE TRUTH WAS AMPUTATED”

Fon Linden. Kenneth W, LeDez

Judyv Dan Research & Trearment Centre, Toronro, Canada

Introduction

The Ontaric-

MiMent funded smd}'l purported to show no benefit of HEE

Dietailed review of the Fedorko paperl, climicaltrials gov, REB-approved protocol, health-ministry
documents. clinical outcomes. papers the authors claimed supported their methods. correspondence with
REEB. aunthors and Journal was undertaken.

Results

The REB-approved prnimary outcome method (surgeon examination) was ignored. for most patients - only
photo assessment used. a serious vielation. One small {(control) toe was amputated. contrary to claimed
20%0. (half major) amputations. Authors withheld one-vear results contradicting 1l 2-weeks findings and
fact that 80%% of unhealed sham group crossed over to HBO. Unpublished 1-year clinical assessments
and per protocol analvsis demonstrated approximately 7T8% healing and only 10%0 amputation 1f at least
30 HBO treatments recerved. No publication validates digital photos instead of surgeon assessment to
determine amputation nesed. On the contrary. Fedorko! demonstrated no relationship between actual
amputation and photo-assessment of their unvalidated critenia.

Multiple ethical and protocol violations were uncovered: no tfranscutansous oxXimetry: exclusion criteria

violated: study data sequestered from coinvestigator review: forged signature on REB application;
wournal to consider ethical and scientific flaws or critical letters, and retaliation against wrtestigator
“whistle

Dhis

Londahl demonstrated 12 weeks is too early to detect significant differences between control and HBO
groups. Numerous patients reportedl as amputated at 12 weeks were ambulatory on healed limbs at 1-
wvear, highlighting ethical and scientific shortcomings. Despite lack of retraction or Umiversity
recogmition of sernnous problems. government proposals to eliminate HBO for DFU were

withdrawn. Research integnty 1s paramount for protecting patients. The complete failure of Journal,
University and ethics aunthornnes to take action 1s profoundly disturbing. This Stud‘_l,fl must not be used to
guide clinical or healthcare fuiinding decisions. as 1t 1s false, misleading, lacks validity and violated
research and publication ethics and public trust. It is essential to challenge faulty research.

Kevwords

Hwvperbarnc oxvyvgen therapy. Dhabetic foot ulcer, Research integrity
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STUDY PROTOCOL Open Access

A prospective, double-blind, randomized,
controlled clinical trial comparing standard
wound care with adjunctive hyperbaric oxygen
therapy (HBOT) to standard wound care only for
the treatment of chronic, non-healing ulcers of
the lower limb in patients with diabetes mellitus:
a study protocol

Daria O'Reilly'”", Ron Linden?, Ludwik Fedorko®, Jean-Eric Tarride'?, Wilhelmine Giffening Jones®”,
James M Bowen'#, Ron Goeree'~




Hyperbaric Oxygen Therapy in the (oo re sanema” |
Treatment of Ischemic LLower- N e L ke s
Extremity Ulcers in Patients With L mess ran ) e i on
Diabetes: Results of the behalf of the DAMOCLES study Group:
DAMOSCLES Multicenter

Randomized Clinical T'rial
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RESEARCH DESIGN AND METHODS

Patients with diabetes with an ischemic wound (n = 120) were randomized to stan-
dard care (SC) without or with HBOT (SC+HBOT). Primary outcomes were limb sal-
vage and wound healing after 12 months, as well as time to wound healing. Other
end points were amputation-free survival (AFS) and mortality.

RESULTS
groups contained 60 patients. Limb salvage was achieved in 47 patients in t

group vs. 53 patients in the SC+HBOT group (risk difference [RD] 10% [95% CI —4 to 23]).
After 12 months, 28 index wounds were healed in the SC group vs.30in the SC+HBOT
group (RD 3% [95% Cl —14 to 21]). AFS was achieved in 41 patients in the SC group
and 49 patients in the SC+HBOT group (RD 13% [95% CI —2 to 28]). In the SC+HBOT
group, 21 patients (35%) were unable to complete the HBOT protocol as planned.
Those who did had significantly fewer major amputations and higher AFS (RD for AFS
26% [95% CI1 10—-38]).

Additional HBOT ound healing or limb

salvage in patients with diabetes and lower-limb ischemia.



Komentare

Comment on Santema et al. Hyperbaric Oxygen Therapy in the Treatment of Ischemic
Lower-Extremity Ulcers in Patients With Diabetes: Results of the DAMO,CLES
Multicenter Randomized Clinical Trial. Diabetes Care 2018;41:112-119. Mesut
Mutluoglu.

In brief, a downward adjustment of the sample size, i.e., almost halving it from 226 patients to 120
patients, has most likely caused a type Il error, i.e., although the results favor the use of HBOT in all
outcome measures, none of the differences reached statistical significance. On closer look at the data in
Table 2 in Santema et al. (1), readers will notice that the lower bound of the 95% Cl in the risk difference
column (particularly for limb salvage, amputation-free survival, freedom from amputations index limb,
and overall mortality) is very close to 0, meaning that should the study be completed with the initially
calculated sample size (n = 226), the lower bound would probably be above the threshold of statistical
significance, i.e., 0.

One other finding supporting the view that sample size matters is the per-protocol analysis A, which
demonstrates significantly better outcomes in the HBOT arm with regard to two outcome measures
(major amputation and amputation-free survival).

Finally, a serious matching error has probably added to the problem and caused bias. A closer look at
Table 1 in Santema et al. (1) shows that patients in the standard care arm had significantly lower grade
wounds (in total, 42% patients had Wagner grade Ill and IV wounds in the standard care arm vs. 55% in
the HBOT arm).

The fact that wounds with Wagner grade lll and IV have a very high likelihood of osteomyelitis and that
patients with osteomyelitis almost always suffer amputation (3) causes a bias toward worse outcomes
in the HBOT arm.

Taken together, the study by Santema et al. (1) showed that a more realistic treatment effect with a
larger sample size, along with better matched groups, could have led to significant results in favor of
HBOT.


http://care.diabetesjournals.org/content/41/4/e60#ref-1
http://care.diabetesjournals.org/content/41/4/e60#ref-1
http://care.diabetesjournals.org/content/41/4/e60#ref-3
http://care.diabetesjournals.org/content/41/4/e60#ref-1

Table 2—Summary of the results

Intention-to-treat analysis

SC (n=60) SC+HBOT (n = 60) RD % (95% Cl) RR (95% CI)

Complete wound healing

Complete wound healing at end of follow-up 28 (47) 30 (50) 3(—14to 21) 0.94 (0.66-1.33)

Achieved complete wound healing during study* 29 (48) 33 (55) 7 (—11 to 24) 0.87 (0.60-1.26)

Median time to complete wound healing, days (SE) 217 (53) 202 (63)
Limb salvage 47 (78) 53 (88) 10 (—4 to 23) 0.54 (0.23-1.26)
AFS 41 (68) 49 (82) 13 (-2 to 28) 0.58 (0.30-1.11)
Freedom from amputations index limb** 31 (52) 38 (63) 12 (—6 to 28) 0.76 (0.50-1.16)
Overall mortality 9(15) 5 (8) 7(-5 to 19) 0.56 (0.20-1.56)
Additional revascularization index limb*** P T2 5 (—11 to 20) 0.98 (0.81-1.19)

/ Per-protocol analyses \
K SC (n=81) SC+HBOT (n = RD % (95% Cl) RR (95% CI)

Per-protocol analysis A \ /

Complete wound healing end of follow-up 36 (44) 22 (57) 12 (-7 to 30)

Underwent major amputation index limb 18 (22) 2 17 (3 to 28)

AFS 54 (67) 36(92) 26 (10 to 38) 0.23 (0.07-0.71)

SC(n=71)  SC+H EL'}TM RD % (95% CI) RR (95% .
—

Per-protocol analysis B

Complete wound healing at end of follow-up 35 (49) 23 (47) —2(—20to 15) 1.05 (0.74-1.48)

Underwent major amputation index limb 14 (20) B (12) 7 (=7 to 20) 0.62 (0.26-1.50)

AFS 51 (72) 39 (80) 8(—8to22) 0.07 (0.37-1.41)

Data are n (%) unless otherwise indicated. Numbers in bold indicate significant differences. *Patients who achieved complete healing of the index wound
including recurrent wounds and major amputations. **Major and minor amputations. ***Not planned at inclusion.



Studie zabyvajici se nakladovou
efektivitou HBO (cost-etfectiveness)

existuje nékolik studii v€etneé systematickych
prehledu

studie z Australie, UK, USA, Svédska, Itdlie,
Neémecka, Kanady

snizeni nakladu- snizeni dnu hospitalizace,
mnozstvi kryti, snizeni nakladu na péci o pacienty
s amputaci —zdravotni i socialni systém

Guo 2003, Abidia 2003, Cronje 2005, Chow 2008,
Chuck 2008



Chuck et al.: Cost effectiveness and budget impact of adjunctive
hyperbaric oxygen therapy for diabetic foot ulcers. International
Journal of Technology Assessment in Health Care, 24: 2,2008

predstavuje vysledky z provincie Alberta

vlada si objednala studii, ve které jsou srovnavany naklady
na lécbu v 12-letém obdobi u pacientt s DFU, u nichz
byla/nebyla uzita HBO

Uspora nakladi u pacientt s HBO ¢&inila vice nez 9.000 CAN
dolarti(40.695 vs 49.786 CAND)

vyznamneé lepsi outcome - parametr QALYs(quality-
adjusted life years)- 3,64 u HBO vs. 3,01

pokud by se HBO zaradila do tzv. standardu lécby diabetické
nohy, bylo by v Kanadé nutno poridit 20-35 novych 7-
mistnych zarizeni



Vyber z doporuceni 10.ECC 2016

Je navrzeno pouziti HBO u pacientu s ulceracemi v
ramci SDN (doporuceni typu 2, Uroven dukazu B)

Je navrzeno pouziti HBO u obtizné se hojicich
ischemickych ulceraci (doporuceni typu 2, stupen

dukazu C).

Je racionalni pouziti HBO u vybranych nehojicich se
ulceraci u systémovych onemocneéni (doporuceni
typu 3, stupen dukazu C).



Vybeér z doporuceni 10.ECC 2016

Je doporuceno aplikovat HBO u ischemickych ulceraci bez moznosti provedeni
revaskularizacniho vykonu nebo po provedeni cévné - chirurgického vykonu:

U pacientl s diabetem se doporucuje pouziti HBO v pripadé chronické kritické
ischémie, jestlize tcp02 v hyperbarickych podminkach (2,5 ATA, 100% 02 ) je vyssi
nez 100 mm Hg (typ |, stupen A)

U pacientl s arteriosklerézou se doporucuje pouziti HBO v pripadé chronické
kritické ischémie, pokud je tcp02 pri hyperbarickych podminkach (2,5 ATA, 100%
02) vyssi nez 50 mm Hg (typ 2, stupen B)

Navzdory platnosti vySe uvedenych kritérii pro spravnou volbu pacientl jury uznava
skutecnost, ze ne vSechna hyperbaricka centra jsou schopna mérit tcp02 za
hyperbarickych podminek (2,5 ATA, 100% 0O2).

Z téchto divodl se navrhuje HBO u SDN (stupen 3 a vyssi dle Wagnerovy
klasifikace, stadium B, stupen 3 a vyssi dle Texaské klasifikace), ktera nereaguje na
odpovidajici zakladni péci o rany trvajici 4 tydny (typ 2, stupen B)



Vybeér z doporuceni 10.ECC 2016

Je doporuceno aplikovat HBO vzidy v ramci multidisciplinarniho |[é¢ebného planu s
pokracujicim pravidelnym osetrovanim ulceraci, a nikoli jako monoterapii (doporuceni typu
1, stupen dikazd B).

Doporucuje se, aby pred aplikaci HBO byla poskytovana standardni péce o ranu po dobu
nejméné ¢tyr tydnu (véetné debridementu, cévniho screeningu, pfiméreného odlehceni a
|é¢by infekce) (typ 1, stupen C)

Doporucuje se pred aplikaci HBO provést cévni screening véetné zobrazovacich technik s
cilem vyhodnotit, zda je indikovan revaskularizacni postup (typ1, stupen C)

Pouzivani tcp02 je doporuceno jako nejlepsi technika pro monitorovani lokalniho
parcidlniho tlaku kysliku a k vybéru pacientti vhodnych k 1é¢bé HBO (typ 1, stupen C)

Navrhuje se, aby terapeuticka davka HBO (tlak, ¢as a délka |écby) byla prizplsobena
pacientovi, typu chronického onemocnéni a vyvoji stavu (typ 2, stupen C)

Je racionalni pouzit HBO jako soucasti multiintervencniho pfristupu v |écbé kalcifylaxe (typ 3,
stupen C).



JOURNAL OF WOUND CARE, VOL 26 NO 5 EWMA
DOCUMENT 2017, referenced as: Gottrup F, Dissemond J,
Baines et al. Use of oxygen therapies in wound healing, with

special focus on topical and hyperbaric oxygen treatment. J
Wound Care, 2017; 26(5), Suppl, S1-S42.
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Vitkovicka nemochnice Ostrava
Interni oddileni
prim.MUDr.Dusan Kueera

Invazivni vysetoeni

Datum vykonu

Pacient
14.3.2013

ojiSovna

+ pokus o rekanalizaci bércovych tepen
estezii punkce AFC sin se zavedenim 4F sheathu. Nasledné provedeno AG LDK,

. tietiny bérce nédlez na tepnich bez stenotizace, fysiolog. toky, na bérci prox.
uzavér ATP ve stiedni tieting bérce, a uzavér ATA nad kotnikem. Na nohu poté
ral, jen velmi chabg se plni tepny nohy, jejiz hlavni kmeny se zdaji extremne

s o rekanalizaci ATP za pomoci Rub Zatetru a4l 4 vodie — neGspESny,
| perforace ATP, stejné ti nelze rekanalizovat.
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Provedeno laserové dopplerometrické vysetreni

s nasledujicimi vysledky: palcovy tlak (TP) 55 mg Hg, AB
index (ankle brachial index) 0,407, klidova perfuze 13,88
PU (perfusion unit), po zahrati 36,2 (zména +160 %),
transkutanni oxymetrie 16,55 mm Hg, po inhalaci kysliku
62,5 mm Hg (zména +278 %), transkutanni kapnometrie
klidova 40,5 mm Hg, po inhalaci kysliku 39,15 (zména -
3,3%).

Nalez je hodnocen jako stredneée tézka ischémie a stredné
tezka hypoxie s dobrou vazoreaktivitou a normalni
kapnometrii.

Po provedeni série HBO 2,5 ATA v celkovém poctu 30
expozic pacient propustén do domaci péce.
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mieni tkaftové perfuze : 14.9.2015 LDk
L SSmmHg

0 zahtati 36,19 zména 160%
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Shrnuti a zavéry

HBO se podili na urychleni hojeni problematickych ran a defekttd. Mezi sou¢asnymi
,modernimi“ lé¢ebnymi metodami v hojeni ran ma velmi komplexni efekt,

kvalitni klinické i farmakoekonomické studie prokazuji efekt HBO v Ié¢bé DN a taktéz usporu
financ€nich prostredkd z verejného zdravotniho pojisténi i socialniho systému,

Pouzivani tcp02 je doporuceno jako nejlepsi technika pro monitorovani lokalniho
parcidlniho tlaku kysliku a k vybéru pacientti vhodnych k 1é¢bé HBO,

Dle evropskych soucasnych doporuceni by méla byt HBO aplikovana u ischemickych ulceraci
bez moznosti provedeni revaskularizacniho vykonu nebo po provedeni cévné - chirurgického
vykonu: u pacientu s arteriosklerdzou v pripadé chronické kritické ischémie, pokud je tcp02
pfi hyperbarickych podminkach (2,5 ATA, 100% 0O2) vysSi nez 50 mm Hg (typ 2, stupen B), u
pacientu s diabetem v pripadé chronickeé kritické ischémie, jestlize tcp02 v hyperbarickych
podminkach je vyssi nez 100 mm Hg (typ |, stupen A),

Pokud neni dostupnd metoda tcp02, navrhuje se aplikovat HBO u diabetickych ulceraci st. 3
a vyssi dle Wagnerovy klasifikace, které nereaguji na odpovidajici zakladni péci o rany trvajici
4 tydny,

prezentovana kazuistika ukazuje na zajimavé moznosti moderni |éCby, spocivajici v kombinaci
|écebnych metod, které mohou vést k zlepseni kvality Zivota a k zachrané amputaci ohrozené
koncetiny.
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