REPERFUSIONSSCHADEN

Theorie und klinische Praxis

H. Rabl
Abtlg. fur Chirurgie Leoben




Reperfusions - Syndrom

Le Cormier 1954
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Reperfusionsschaden

Reperfusionsparadox

(funktionell,
ultrastrukturell, klinisch)



Reperfusionsschaden

Transplantationsmedizin

Kardiologi e (Behandiung des Myocardinfarkt)
Neurologie (Behandlung des Schlaganfalls)
Gefal3chirurgie (Revaskularisationsoperationen)

Traumatol ogie (Schockbehandlung, WB von
Unterkthlten)

Viszeralchirurgie (Leber, Darmoperationen)
Nephrologie




Hypertonus

Rabl H. et a. Diminished production of malondialdehyde after carotid artery surgery
as aresult of vitamin administration. Med. Sci. Res. 1996; 24: 777- 80




Hirnddem

)

Europaweit 350.000 CPR / a
2 — 10% ohne neurolog. Komplikationen



erfolgreicher Thrombolyse
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Reperfusions — Arrhytmien
nach Thrombolyse/ PTCA

|mu|m L MJ ‘\/'—'\l



Stunned myocardium
syst. Kontraktionsstorung

Lipid peroxidation as a mechanism of injury to heart cells

Mebwunptm;ﬁaogmpmmﬁoma!wdhcmmmaeﬂ)andmm
30-minute treatment with cumene hydroperoxide (right). Note contraction and formation
of membrane “blebs” on the cell surface.

Photomicrographs courtesy of Dr A. A. Noronha-Dutra.




Akutes Nierenversagen
(Acute Tubular Necrosis)

BlemmlSOkYU 11SE2




postop.
L eberfunktionsstorungen




Darmwandddem und Zottennekrosen

Motilitét, Resorption, Translokation



Reperfusionsddem nac
femcruralem Bypass




welsse Lunge




|schamie - Reperfusionsschaden

schwerer Reperfusions-Komponente
mittierer
leichter 30-40%

J———""""" |scham. Komponente

0,5 1 15 2 25
Ischamieperiode (Stunden)



| / Reperfusion

SIRS (systemic inflammatory response syndrome)

M ODS (multi organ dysfunction syndrome)
Organschaden / DEATH

MODS

Mortalitét 1 Organ
2 Organe
3 Organe

SIRS



Biochemische Grundlagen

ATP X DH

Harnsaure
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radicals
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L ipidper oxidation

Complement
C5

M akrophagen

PMN’s
Radikale

Oxigenasen

Lip - Cyclo- Mono-

Thrombozyten

Arachidonsaure




Lipidperoxidation

Vit. E : Phospholipiden = 1 : 10- 14






| onenkanal desintegration

Altered lonic Gradient
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I-R-induced leucocyte—endothelial cell adherence and transmigration.

I - |
4 h post rp | Integrins |
Iisalaatinau;{ 24 h post rp
Basement
) ) Mambranea
—— JEndothelium
&
Vascular
Lumen
]
P-Selectin CD1ICD18  ICAM-1
Interstitial
Space
Loose Adhesion Firm Adhesion/ Diapedesis
("Rolling"*) Aggregation

Eltzschig H K , and Collard C D Br Med Bull 2004;70:71-86



AR ACHIDOMIZ ACID
Lipoxudenase Cpoiaasyee i ase
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Death Receptors: Fas, TNFR1, DR 3-6

/// \ Ligands: Fas ligand
\ TNFa

. . TRAIL
_- []

Pro caspase B -.x
Active caspase 8

l

Caspases 3,6,7




E-selectin

INTENSITY

Neutrophils

Monocytes

INTENSITY




Kaskade

L ipidper oxidation

zeitabhangig

Arachidonsaur eaktivierung

ReperfusonssSCHADEN

Reperfusionspar adoxon
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Physiologische
Antioxidantien

Chain breakin
Extrazellul&r

Enzyme Preventive Antioxidants
intrazellular
Urate Transferrin

SOD SH-Gruppen Coeruloplasmin

CK;gIHa'ase Bilirubin Haptoglobin




L8

ungepaartes Elektron
(Freies Radikal)

Zellmembran




Zatl. Verlauf der TBARS

Extr

J s NTX
e ZNS
a  Intest.

Rabl H. et al.. Human plasmallipid peroxide levels show a strong transient increase after
successful revascularization operations. Free Rad Biol Med 13 (1992) 281-288




Schutz vor Lipidperoxidation

Vitamin E Membrane Stabilization

Vit. E : Phospholipiden = 1 : 10- 14

L. Parker: Vit. E is nature's master antioxidant




Interaktion Vitamin E und Vitamin C

C‘l|H

O Oy~ CH ¢ o1
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/ \ P
Vltam inE Semidehydro-
ascorbyl-Radikal
|
CH, OH
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Vitamin E Ascorbat
Radikal

Recycling des lipidloslichen Vitamin E durch das wasserlosliche Vitamin C



VItE/C

© Liposomen allein (Kontrolle)
A + 100 uM Ascorbat
m 10 ug Vit.E

® 10 pg Vit. E4+ 100 pM Ascorbat
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Malondialdehyd

10 20 30 40 50 80
Inkubationszeit (min)




Antioxidantiencocktall

1 ampoule =10 ml|

5,5 mgretinol pamitate

500,0 mg ascor bate

5,0 mg alpha tocopherol acetat
1,0 mg DL - alphatocopherol

vitamin cocktail
Omnibionta*
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creatinine clearance

Kidney transplantation

75-
control
treatment
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1 3 5 7
days after transplantation

Rabl H et al., A multivitamin infusion prevents lipid peroxidation
And improves transplantation performance. Kidney Int. 43 (1993) 912 -917




Rationale for the use of antioxidant vitamins
In clinical organ transplantation

In 1992, Rabl H. and co-workers were the first
to take these findings into the clinic.

K. Messmer, HA. Lehr. Transplantation 1996; Vol. 62, 1197 - 1199
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Rabl H. et al.: Antioxidative vitamin treatment: Effect on lipid peroxidation
and limb swelling after revascularization operations. World J Surg 19, 738-744; 1995




Neumayer C., Huk et al., A-tocopherol pretreatment reduces

Ischemia reperfusion injury in rabbit skeletal muscle.
European Surgery - Acta Chirurgica Austriaca 34; 90-94, 2002



Hypertonus

Rabl H. et a. Diminished production of malondialdehyde after carotid artery surgery
as aresult of vitamin administration. Med. Sci. Res. 1996; 24: 777- 80




1 ampoule= 10 ml|

5,5 mgretinol pamitate

500,0 mg ascor bate

5,0 mg alpha tocopher ol acetat
1,0 mg DL - alphatocopherol

Omnibionta*
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|ntestinale |schamie/
Reperfusion

|schamie




1500
1000 |- T
&
500 I~ _L

1 Sham
2 Ischamie
3 NaCl
4 Cocktail*
5 Solvent 0 1 2 3 4 5 6

6 Vit. B Kompl.
groups

Rabl H. et a.: Limitation of intestinal reperfusion injury in the rat by vitamin

Treatment. Med Sci Res 25, 315-318; 1997




] ]
Treatment

geringere Inzidenz
L eber ver sagen, Blutungskomplikationen u. I nfektionen

Cerwenka H, Rabl H. Normothermic liver ischemia and antioxidant treatment

during hepatic resections. Free Radical Research 1999; 30: 463 - 469




Vit E properties

Massey KD. Et al. Am JPhysiol 1989; 256:H1191-1199
Formigli L. et a. Histol Histopathol 1997; 12 (3): 663-669

Lehr HA et a. Microcirculation 1998; 5: 117-128
Bonventre JV. Kidney Int 1993: 43:1160-78




|schamie- / Reperfusionsschaden

0,5 1 1,5 2 2,5 3
Ischémieperiode (Stunden)



Therapiefenster

Radikalfanger (zB. vitamine) miissen
zur richtigen Zeit (Therapiefenster)

am richtigen Ort ineiner

geeigneten K onzentration
zur Verflgung stehen

Reperfusion




J Therapeutic strategies to attenuate I/R injury.

Vs

Controlled, Graded Reperfusion

Ischemic Preconditioning

Aspirin-Triggered Lipoxin (ATL) Analogues

Antioxidant Therapy

Superoxide Dismutase (SOD) Iron Chelators Mannitol
M-acetylcysteine (NAC) Vitamin E Thiols
Allopurinol Catalase

Calcium Antagonists

Angiotensin-Converting Enzyme (ACE) Inhibitors

Anti-Complement Therapy
Recombinant, Humanized, Single-Chain Anti-C5 Antibody (h5G1.1-scFwv)

Soluble Complement Receptor-1 (sCR1)

Leukocyte Depletion / Filtration

Anti-Cytokine or Leukocyte Adhesion Molecule mAb

Antisense-Oligodeoxynucleotides (ODNs) and Transcription Factor Decoys

Endothelin Receptor Antagonists

Platelet Activation Factor (PAF) Antagonists

Leukotriene-B,4 (LTB,) Antagonists

W w w w ww
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Hypother mie

Wilhelm Behringer (AKH Wien) und Peter Safar (USA)

Sofortige Kuhlung und ver zogerte Wieder belebung

Reduktion des zerebralen Defizites nach Reanimation

Europaweit 350.000 CPR / a
2 — 10% ohne neurolog. Komplikationen
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Erfrierungen, Unterkuhlung, Schock
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Milde therapeutische Hypothermie (32 -35°c) beim

Myocardinfarkt

InfarktgroBe/area at risk
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Pré- Post-
Reperfusions- Reperfusions-
Hypothermie  Hypothermie

Gotberg M et al. Rapid short duration hypothermia
before reperfusion reduces microvascular obstruction

and myocardial infarct size.
BMC Cardiovasc Disord 2008; 8: 7



Milde therapeutische Hypothermie (32 — 35°C)
beim Myocardinfarkt

Minnesota: milde HoT filhrt bei 80% der Uberlebenden mit OHCA

ZU positivem neurolog. outcome — Nutzen flrs Gehirn !!!
Tabelle 1: Subgruppenanalyse COOLMI und ICE-IT. Mod.
nach [4].

COOL-MI InfarktgréBRe (in % des links- p-Wert
|CE-| T ventrikuldaren Myokards)

Hypotherme Normotherme
RAPID-MI-ICE Gruppe e
CHILL-MI COOL-MI (392 Patienten]

Gesamtpopulation 13.8 14,1
Subgruppe mit Vorderwand- 9.3 18,2

STATIM 2013 Vienna STEMI und < 35°C bei
. A : Revaskularisation
(cooling in myocardial infarction)

ICE IT {228 Patienten)
Gesamtpopulation 10,2

- Subgruppe mit Vorderwand- 12,9
Hormqnn Petal. STEMI und < 35 °C bei
JKardiol 2012;19 (9-10):274-76 Revaskularisation




| schemic preconditioning
Murry CE et al. 1986

wiederholte, kurze subletale |schamieperioden (zB. 5 x 5 min.)
gefolgt von Reperfusionsperioden (zB. 5 x 5 min.) schitzen das

zugrundeliegende Gewebe nach verlangerten | schamieperioden

vor nachfolgendem Zelluntergang

/5% Reduktion der Infarktgrof3e (Tiermodell)

Murry CE et al. Preconditioning with ischemia: adelay of lethal cell injury in ischemic myocardium.
Circulation 1986; 74: 1124




Mechanisms of Preconditioning
brief iIschemia

G-protein coupled
receptor stimulation receptors, including
+ adenosine A1/A3, elc

signal transduction
Components may

qa.,‘_ Bl inciude PKC; InsP3
MAF kinases; 777
Bl

mn

L

spho 2 ATP-sensitive
mm Iylﬂl;rl of potassium channels;
d‘dlm >

CARDIOPROTECTION

Pryzyklenk K. Ischemic preconditioning: exploring the paradox.

Prog Cardiovasc Dis 1998;40:517-47
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Effect of Preinfarct Angina on
InHospital Mortality

A. B.

Mortality [Fa) Mortality [Bo)
15 13 e 000 15

Angima: YES

Kloner RA. TIMI-9B. Circulation 1995:91:37-47
Barbash Gl. Intern. Tissue Plasminogen Activator / Streptokinase Mortality Trial.
JAm Coll Cardiolo 1992;20:36-41



|P and LV-pressure, LDH-release
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Weselcouch EO. Inhibition of nitric oxide synthesis does not affect
Ischemic preconditioning in rat hearts. Am J Physiol 1995;268:H242-9



Remote I schemic Preconditioning

Erhohte | schamieresistenz

eines beliebigen Organs

nach einer absichtlich In enem Skettmuskel

ausgel0sten | schamie




Skin flap

Skeletal
muscle

Stomach

Small intestine



Proposed mechanisms of how blood pressure cuff inflation on the leg may lead to
neuroprotection during ischemic stroke.

-4 cerF
- Activation of RISK (pAkt)

- Activation of mitochondrial
K+/ATP channel

- Inhibition of mitochondrial
permeability pore

Blood Borne Néﬁ:ogenié‘

- Humoral ‘/f

- Circulating immune cells A
\ ]\ Dorsal Motor Nucleus
—N\——

=

- X N Cholinergic anti-inflammatory pathway
Olbg | -
A Vi V

afferent

Hess D et al. Stroke 2013;44:1191-1197 B B oh ,&i =
A [Hiedut
Associaton \J

T mmET e e
Copyright © American Heart Association LA (R LR



RIP reduced myocardial injury in CABG
patients

mortality 1,9 vs. 6,9%
Major adverse effect:
cardia and cerebrovascular 13,9 vs. 18,9%

86% less likely to die from heart attack
or stroke, 1 year after surgery

Heusch, Essen, 2013



Brain Publikationen

. Upper limb ischemic preconditioning prevent recurrent stroke

In intracranial arterial stenosis. Neurology 2012;79:1853-61

. Remote ischemic preconditioning : making the brain more tolerant,
safely and inexpensively. Circulation2011;123:709-711

. Preconditioning the brain: moving on to the next frontier of
Neurotherapeutics. Stroke 2012;43:1455-57

. Limb remote ischemic postconditioning protects against focal
Ischemiain rats. Brain Res 2009;1288:88-94

. Limb ischemic preconditioning attenuates cerebral ischemic injury
In rat model. Perfusion 2013; 3:




CONCLUSIO

Gesamtschaden (Ischdmie- und Reperfusionskomponente)

Therapeutisches Zeit-FENSTER — schitissel fir
Therapieerfolg!!!!

Antioxidantien

Milde Hypothermie wirksam gegen
(32 —35°C)
Reperfusionsschaden

|nduzierte |schamie

- local ischemic preconditioning




