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SUALTI HEKIMLIGIi VE HIPERBARIK TIP SERVISI

: ' Il. Ulusal Diyabetik Ayak
UDAIS Infeksiyonlari Simpozyumu




Hiperbarik oksijen tedavisi; hastalara yiiksek basing¢ altinda
%100 oksijen solutulmasidir.




Hiperbarik oksijen tedavisi; hastalara yiiksek basing¢ altinda
%100 oksijen solutulmasidir.




Basing

HBO tedavisi sirasinda pO, seviyeleri

A

Solunan Oksijen
Basinci (atm)

Zaman

Arteryel pO, (mmHg) Doku pO, (mmHg)

90 £ 9 41 = 10
625 * 23 76 £ 45

1356 * 28 280 = 50
1700 348

J Appl Physiol 1963;8:869. J Infect Dis. 1980;142:915. Ann NY Acad Sci
1965;117;688. JAMA 1966;198:1280. Plast Reconstr Surg 1970;45:25.




Oksijen diflizyonu

Hiperoksi plazmada yluksek miktarda oksijen ¢coziinmesine ve dokularda
oksijen difuzyon mesafesinin etkin bir sekilde artmasina neden olur.
Diabette kapiller bazal membran anormallikleri nedeni ile doku
oksijenasyonu bozulmustur. Artan diffizyon mesafesi sayesinde iskemik
yara dokusunda tekrar oksijen seviyesi yukseltilebilir.

100 mmHg 64 um
2000 mmHg 246 um



Mekanik Etki

Kabarcik capinda kictlme
1.Arteryel gaz embolisi
2.Dekompresyon hastaligl

PO, artisina bagli etkiler

Yara iyilesmesi

Antibakteriyel etkiler

Buyume
faktord
sentezi

Kok hiicre
mobilizasyonu

O,’nin PMNL Toksin

toksik aktivitesi sentezinin

etkisi artisi inhibisyon
u

Plast.Reconstr. Surg. 2011; 127(Suppl.):131S-141S.




HBO & Buyume faktorlers

o Iskemik yarada VEGF (vascular endothelial growth factor)
sentezini arttirir
~ [Arch Surg. 2000;135(11):1293-7]
o Insan dermal fibroblastlarindan BFGF (basic fibroblast growth
factor) ve TGF-B1 (transforming growth factor-f1) salinimim
— [Arch Facial Plast Surg. 2004;6(1):31-5.]
o Insan umblikal ven endotel hiicrelerinden anjiopoietin-2

salinimini artirir
- [Biochem Biophys Res Commun. 2002;296(3):710-5.]



HBO & Buyume faktorlers

« Deneysel yaralarda PDGF (platelet derived growth factor)

reseptor sayisini arttirir
— [Undersea Hyperb Med. 1998;25(4):211-6.]

. Insan mezenkimal kok hiicrelerinden PGF (plasental growth

factor) sentezini arttirir
» [Life Sci 83;65:2008]

. Iskemik bacaklarda BFGF ve HGF ekspresyonunu ve

damar dolasimini arttirir
» [Circ J 2007:71:405-11]

- Deneysel yanik yarasinda kollajen sentezini arttirir
» [Burns 200834,467-73]



PO, ve prolil hidroksilaz aktivitesi

PO,
20 mmHg Enzim maksimum enzimatik hizin
yarisi hizda calisir.
150 mmHg Maksimum enzimatik hizin %90’ inda

calisir.




Epidermal dncul hicreler ve yara iyilesmesi

« Kemik iligi onemli bir kok hucre rezervidir.

« Uyari sonrasi hizli olarak perifere ¢ikabilirler ancak
bazilari once prolifere olur ve ge¢ donemde dolasima

cikarlar

« Mobilizasyonu uyaran faktorler

Egzersiz
Periferal iskemi

Hematopoetik uyarici faktor

Kemik iligi

==

Mobilizasyon

= e

Dolagim

EPC]

Dokuya

yerlesme
(Homing)

£°0

Antioxid Redox Signal. 2008 Nov;10(11):1869-82.




Epidermal dncul hicreler ve yara iyilesmesi

Dolasimda ¢ok az miktarda bulunur (~ % 0,01)
Yuzey belirtecleri (CD34,VEGFR2,CD133)
Hasarlanan damar duvarinda endotele katilir
« Yaraiyilesmesi, Ml sonrasi, damar greftlerinin endotelizasyonu

Patolojik neovaskularizasyon
« Retinal neovas., tumor buyumesi, ateroskleroz

Antioxid Redox Signal. 2008 Nov;10(11):1869-82.




EPC & diyabet

» Diyabetik hastalarda dolagsimdaki EPC
orani azalir

- [Fadini et al. 3 Am Coll Cardiol. 2005 May 3;45(9):1449-57 ]

« Proliferasyon, adezyon, damar duvarina
yerlesme fonksiyonlari daha dusuktur
- [Tepper OM, et al. Circulation 2002;106: 2781-2786.]

« Yara dokusuna yerlesimi daha az
- [Gallagher et al. J Clin Invest 117: 1249-1259, 2007.]



HBO & EPC mobilizasyonu

Sinusoidal Vessels

Vascular Zone
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Stromal Cells

Stem cell mobilization by hyperbaric oxygen
Am J Physiol Heart Circ Physiol 290: H1378-H1386, 2006.




Stem cell mobilization by hyperbaric oxygen

Stephen R. Thom.'* Veena M. Bhopale,! Omaida C. Velazquez,®
Lee J. Goldstein,” Lynne H. Thom,! and Donald G. Buerk?*

Institute for Environmental Medicine and Departments of *Emergency Medicine, *Surgery,
and *Physiology, University of Pennsylvania Medical Center, Philadelphia, Pennsylvania

Am J Physiol Heart Circ Physiol 200: H1378-H1386, 2006.
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Diabetic impairments in NO-mediated
endothelial progenitor cell mobilization
and homing are reversed
by hyperoxia and SDF-1a

Katherine A. Gallagher,! Zhao-Jun Liu,! Min Xiao,! Haiying Chen,! Lee J. Goldstein,!
Donald G. Buerk,2 April Nedeau,! Stephen R. Thom,2 and Omaida C. Velazquez!

J. Clin. Invest. 117:1249-1259 (2007). do1:10.1172/JCI29710.
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J. Clin. Invest.

117:1249-1259 (2007). doi:10.1172/JCI29710.

Dolasimdaki EPC miktari
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J. Clin. Invest. 117:1249-1259 (2007). doi1:10.1172/JCI29710.

Dolasimdaki EPC miktari Yara dokusunda EPC miktari

n = Sfgroup

EPCs/ul peripheral blood
% GFP*/VEGFR2* cells/HPF

HBO SDF-1o HBO +

PBS HBO SDF-1ac HBO+
SDF-1cx SDF-1a




J. Clin. Invest. 117:1249-1259 (2007). doi1:10.1172/JCI29710.

Kollajen depolanmasi
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-
ORIGINAL RESEARCH - CLINICAL SCIENCE Wound Rep Reg (2011) 19 149-161

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, MD, PhD"?; Tatyana N. Milovanova, MD, PhD'; Ming Yang, MD'; Veena M. Bhopale, PhD’;
Elena M. Sorokina, PhD; Giinalp Uzun, MD?3, D. Scot Malay, DPM, MSCE*; Michael A. Troiano, DPM?;
Kevin R. Hardy, MD"%; David S. Lambert, MD'%; Christopher J. Logue, MD'?; David J. Margolis, MD, PhD®
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Diyabetik hastalarda EPC mobilizasyonu
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Doku orneklerinde EPC miktari

CD34 FITC CD133 PE

b

Biyopsi Pre- - Biyopsi Pre-HBO Post-HBO
Standart tedavi Standart tedavi +HBO



yerlesme
(Homing)

Kemik iligi

*Diyabetik hastalarda EPC mobilizasyonu HBO ile artar.
*EPC’lerin yara dokusuna yerlesimi HBO tarafindan arttirilir.



Hyperbaric oxygen stimulates vasculogenic properties of adipose derived
stem cells in vivo.
Gunalp Uzun, Tatyana Milovanova, Veena Bhopale, Marina Bogush, Ming Yang, Jonnie

Moore, Stephen R.Thom
PennFlow Annual Scientiflc Meeting on Adipose-derived Stem Cells 2011 Philadelphia, PA
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Hyperbaric oxygen stimulates vasculogenic properties of adipose derived

stem cells in vivo.
Gunalp Uzun, Tatyana Milovanova, Veena Bhopale, Marina Bogush, Ming Yang, Jonnie
Moore, Stephen R.Thom
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Methods in Molecular Biology 360:253-62.




AIR+MSC

HBO+MSC

HBO & yeni damar olusumu

CESE NR Beads

CFSE NR Beads




Mekanik Etki

Kabarcik capinda kictlme
1.Arteryel gaz embolisi
2.Dekompresyon hastaligl

PO, artisina bagli etkiler

Yara iyilesmesi Antibakteriyel etkiler
Baylime Kok hiicre O,’nin PMNL Toksin
faktoru mobilizasyonu toksik aktivitesi sentezinin

N sentezi etkisi artisl inhibisyon

u

Plast.Reconstr. Surg. 2011; 127(Suppl.):131S-141S.

Yeni damar olusumu




Oksijenin toksik etkisi

e Oksijen tim organizmalara toksiktir

— Ancak hassasiyet oranlari degisir (oksijen kismi basinci ve zaman
bagimhdir)

— HBO serbest oksijen radikalleri (siiperoksit, hidroksil radikali,
peroksitler, aldehit hipoklorit, hipoklorit) Gretimini artirarak
bunlara karsi savunma sistemleri olmayan anaerob bakterilere karsi
bakterisidal etkinlik gosterir.

— HBO aerobik ve fakultatif anaerobik bakterilere karsi bakteriostatik
etkinlik gosterir. HBO bakterilerde protein sentezi, nikleik asitler,
mebran transport fonksiyonlarini etkiler.

j clin microbiol 1975;1:161



Notrofil aracilikli bakteri oldurme

mekanizmasi

* Notrofillerin bakterisidal etkinligi hipoksik
ortamda azalir.

* Hiperoksi bakterisidal reaktif Grtnleri arttirir.

J Infect Dis 1980;142:915.



PO, ve NADPH oksidaz aktivitesi

Phagosome

< 30 mmHg Bakteriyel oldurme kapasitesinde ciddi kayip olur.
45-80 mmHg Enzim maksimum enzimatik hizin yarisi hizda
calisir.

300 mmHg Maksimum enzimatik hizin %90’ inda calistr.



Toksin sentezinin inhibisyonu

* pO, 330 mmHg C. perfringens alpha-toxin (oxygen-stabile)
Uretimini durur.

» (. perfringens theta-toxinini (oxygen-labile) detoksifiye
eder.

Ann NY Acad Sci 1965:117;688



HBO ve antibiyotikler

1. Antibakteriyel ajanlarin etkinlik
gosterebilmeleri icin gerekli doku pO,
degerlerinin saglanmasi:

— Aminoglikozidler,
— Sulfonamidler,

— Florokinolonlar,
— Vankomisin,

— Trimetoprim



2.

HBO ve antibiyotikler

Bakteriyel biosentetik reaksiyonlarin inhibisyonu:

— Pseudomonas enfeksiyonlarinda stlfonamid
aktivitesinin potansiyalizasyonu,

— Aminoglikozidlerin postantibiyotik etkinliginin
uzatilmasi.

33



Hyperbaric Oxygen as Adjunctive Therapy in Experimental Mediastinitis

Vedat Turhan, M.D.,* Suzan Sacar, M.D.,7"' Gunalp Uzun, M.D.,; Mustafa Sacar, M.D.,§ Senol Yildiz, M.D.,}
Nurgul Ceran, M.D.,! Rauf [_:ﬂrur M.D.,q and Oral Oncul, M.D.*

TABLE 1

Outcome Treatment of Experimental Mediastinitis

Number of
culture Bacterial
Therapy negative/total count®

No therapy 6/6 0.0
No therapy 0/6 5.94 = 0.52
HBO' 0/6 4.20 * 081
Linezolid* 0/6 421 041
Vancomycin® /6 3.62 = 0.49
Teil:l:-]:-kmin't 0/6 3.59 = 0.54
Linezolid® + HBO' 0/6 2.49 = 0.85
”“‘ Vancomyecin® —i—HBEﬂ 2/6 1.76 =147
#%¥ Teicoplanin’ + HBO' 2/6 1.75 + 1.49

"Mean *+ SD log;o CFU/g.

fAdministered once daily.

'Administered intraperitoneal twice daily.
P <0.05 compared with group 1.

IP < 0.05 compared with group 2.

TP < 0.05 compared with group 3.

P <0.05 compared with group 4.

%P <0.05 compared with group 5.

¥P < 0.05 compared with group 6

Journal of Surgical Research 155, 111-115 (2009)



L S

Endikasyonlar

Dekompresyon hastaligi
Gaz embolisi

Clostridial myonekroz (gazli gangren) ve diger anaerobik
enfeksiyonlar

Ciddi karbon monoksit zehirlenmesi

Crush injury, kompartman sendromu ve diger akut travmatik
iskemiler

Refrakter osteomyelit
Kronik yaralar (Diabetik ve non-diabetik)

Osteoradyonekroz ve radyoterapiye bagl yumusak doku
nekrozlari

Termal yaniklar

Problemli cilt greft ve flepleri

Intrakranial apse

Ani gorme kaybi (Santral retinal arter tikanikligi)
Ani isitme kaybi (ilk bir ay icinde baslanmali)
Femur basi avaskiler nekrozu (erken evre)

35



Kontrendikasyonlar

e Mutlak

— Tedavi edilmemis pnédmotoraks

* Diger
— Gebelik
— Ust solunum yolu enfeksiyonlari
— Bilinen malignite
— Nobet bozuklugu
— Yuksek ates
— Spontan pnomotoraks hikayesi
— Toraks cerrahisi hikayesi
— Konjenital sferositoz
— lleri derece kalp yetmezligi

36



Yan etkiler

* Basinc¢ degisimine bagli yan etkiler
— Kulak barotravmasi (%17)
— Sinus sikismasi
— Akciger barotravmasi

e Oksijen toksisitesine bagli yan etkiler
— Gecici myopi
— Nobet (2.4/100000)
— Akciger toksisitesi

Aviat Space Environ Med. 2000 Feb;71(2):119-24. Aviat
Space Environ Med. 2004 Nov;75(11):992-4.
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Hyperbaric oxygen therapy in the management
of nonhealing wounds in patients with critical
limb ischemia
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Critical Wit Ischiemmia 15 characterized with Intoierabia pain at rest and nonhealing Wourkds
anior gangrena. The troatmentt of nonhealing wounds In patints with oritical imb
Ischomia calls for an cetracroinary effort. Howeover, major amgputation is requirod in 3
significant numier of patieris. Hypertark cxygen therapy s one of the adjunctive
treatments used In norhealing wounds. Hyperbaric caygen theragy enhances collagan
synthisis and maturation, fibrogiast profiforation, spithciialization, incroases kukocyte
bacterial-killing capacity and Induces anglogenssis. Hyperbaric axygen therapy also exerts
an antibacterial effect on selected microorganisms and ned woes wound Infection
Hiyperbaric ouygen theragy ks not a miraoulous treatment modality. It is a good adjunciive
therapy that increases the healing rate of wounds in selected patients. Hyperbarik caygen
therapy should be Instituted together with conwenticnal treatments. Antibiotherapy, strict

migkabolic cormrol, dally wound cane and debridement. should not be overiooksd durng

Hypemar Caygen tharsgy.

Critical limb tchemia (CLI) 15 2 sovorm ot
tion of the arories of e ower extremites,
which markndly decneses bood Dow. CLI &
characierized with iniolerable min at md and
monhesaling wounds andior gangrene. An objer-
Ehve criferion For CLI includes an ankle sysiclic
tood presure of 50 mmHg or ke and a ioe
sysofic bilood presure of 30 mmHg or les 1]
Howewer, since the antertal wall calcification @n
imair compesion of vk, Dol biood
prezesms am mcsssd greaier than the achsl
Ievels in dibetic patienis. Theredone, hemo-
dynamic parametars of CLI are les miabk in
diahetics 7.

The most frequent resson of obsinective are-
rial disezs iesding Ao CLI s atheroscionosls -
chird with hyperiension, hypercholedenalemiz,
smoking and diabeies melfius. Nonheaing
woends wmelly devalop bn ihe ares off ool
LM caisd by imgnperty Mtting shoes or an
inijury [2]. The troatment of nonhe=ling woemnis
in mtients with CLI calls for an oxtraondinary
effort. The peal of the iratment in patlents
with critiel limb brhemia showld be Bmb pees-
ervation. However, amputation s mquked ina
significani number of patlens [3.

Hyperharic axygen theragy (HBOT) invabves
the indermitient inhalation of 1009 arygen at a
premam higher than 1 atm aeniae (ATA)
HBEOT favorabty inceases ihe amount of axy-
gen dimnived in arierial blood and ks o
hypermmia o in poorly perfiess LS Hos).
The physiciogical efects of HEOT are it o

07TV TEDIDNS1T © FO00 Ny dedicion |id) BSM 14750708

ihe hyperosds # establishes in the tsaes. Oy
gEN i the biood & carried by ben means by
binding A0 hemogiobin In arythrocytes and in
disitved form in plamma. Feople breathing room
alr at sea level (1 ATA) pencrally have 3 homo-
glotin (Hb) axygen mbusration of approxdsaicty
97%. Asuming nonmal hemoglobin ol
(14 gidlj, Hb-bound miygen condend & 15 2 mi
Oyl bonet. At Hi 15 gL, 1t woead be 195 mi
0l oo, Disatven) axypen conton s 0.3 mi
Oydl blood. Af Hb 14 g, disched cxpgen
regrmsenis 1.6% of iotal content; at He 15 gfdl,
diznived mxygen repreent 155 of @ oo
tert. Since, Hib 5 abwsety 57% sturated at romm
air (1 ATA) i s impoesibile bo markedly inmesss
ithe amoient. of nxygen cerled with H, bul you
can make 2 e differenee indesnived oxypen.
HBOT kmds io a fvomblk inoeee o the
amound of cxypgen dissdved In plamsa under
Hinry's Laaw, which states. that the amoint of g
dinived in 2 silution I dimetly proportional o
thn partics pressine of tat g HEOT thoret)
cally Incresees: the disoled oxygen conient in
jpl=ma from 0.3 milfdl fo 4.4 midl =t 2.0 ATA
and to 56 mi'mar 2.5 ATA.

HBOT i 1med 2 a primary therapy in arie
rial-g= emballem, saver carbon monoxide poi-
mning, g gangrene and  decomgersion
sickness (7). [t i s employed 2 an adjunctive
iregimeni in nonhealing wounds, necrotlzing
sfl-tee infoctions, rimaciory ostoosmyelits,
entonraionecros, Cresh injury, Compromised
=kin grafls and faps and thismal bems 7. The
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Hyperbaric oxygen therapy as
an anti-infective agent

Expevt Row: At efect. Thar: TUBY, 10151026 2003

Hyperbaric caygen thesapy (HEOT) imvalves inkalation of 100% axygen 2t supra-aimasphenc
ambient preszure. HBOT is used 2= either a primary or adpunctive treatment in the management
of infections such as gas gangeene, neorotizing fasditis, diabetic foot infections, refr
osteomyelitis, newosurgical infections and fungal infections. HBOT acts as a bacter i
bactenostaticagent against anerobic bacieria by increzsing the formation of free ocoygen ndick
HEOT restores the bacterat-kiling cpacity of leukooytes in ypaxicwounds by increasing tsue
corygen tensions. In addition, HEOT acts synergistically with a number of antibiotics. This artide
reviews the ant-infective effects of HBOT and the wse of HBOT in the treastment of oestan
infictious disezses.

Errwoass: diabatic foof infection = gas gangrens = hyparharic anyganation = bypasa = necratinng facits

= naraeEii

Hypesbaric oxypen therapy (HEOT)] is used
s an adjunct or main isesiment in infections
diszaze guch ax anerchic and mixed necrotiz-
ing infections, infecied chromic wounds, posi-
operative surpical wound infectioas and chronic
eefraciory csteamyelitis. Fachors sach a5 tramma,
bezakdown of the tisue integrity or perfoson
abnormalities all are predispogng faciors for an
imfection. A deceease in tisse and wound orygen
partial peessares and a subsequent wendency for
imfections & a sesult of perfusion impairment is
a wellknown emtity in dehyd raied postoperative
patients (1.

The migration and functicns of polymes-
phonnclear knkocytas (PMNLS) in 2 damaged
tiswne with limited perfision, hence hypoxic tis-
sue, is impaired and thersfore microoepanisms
can easily mplicate in these tismes. [n addition
to impaired perfision and fmited local blood
supply, other cmses for hypozia are: inceasesd
oxpgen consamption doe io inflammation, bac.
terial prowth, phapocyts respirasory burs, callu-
larexudate and timne edema. Once the infaction
dievelops in 2 tisue, care depends greatly on the
cxppenaiion of the infected region.

The role of HEOT a5 an amii-infective apent
stems: from its antihypoic and anti-infections
effects. Breathing 1009 oxygen mnder high
promuns incredses tisue partial oxypen pees-
sure and sppliss mme additive effeces of ony-
pen that are not szzn under normal atmosphernic
circumstances. HEOT sopplies an optimal

envirommeni for the immune system by revers
ing tissue hypoxia and inducing bactericidal’
bactericstatic offect over micreorpanisme. In
addition, i modifies the microbicidal effect of
PAMN Leand potentiates che affiaces of mme amti-
microbial drogs. HREOT dramatically improves
the peognosis of infections caused by anercbic
or micro-aeraphific aercbes and sipnificanily
decseames the mbe of mochidity and mormlicy.

Moreover, the anti-cdema effec of HBOT is
also important. With this effect, lecal drculation
improves, and the coypen diffusion distance, pre-
viously decpeased due in sdema, increase, allow-
ing 2 higher oxypenation o the tisaes, improved
infection contrel and important suppont for
wound healing.

The aim of this article i o highlight the hasic
mechanisme of anti-infective affece of HBOT and
0 peview theuse of HBOT in the management of
certain infisctious disegoes.

Principles of HEOT

Hypesharic oxygen therapy involves the inter-
mittent inhalation of 1001% oxypen at a peessre
higher than 1| &m absohsie (ATA). Oxygen in
the blood is carvied by two means: by bind-
ing 1o hemoglohin in erythrocyies and in the
dissobved form in plasma. Since hemoglobin is
almicst 100% saturated at room air (1 ATA, it
is impossible 1o markedly increase the amount
of oxypen carmied with hemoglobin, but 2 ke
difference can be made in the concentration
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