Vliv smrti mozku na organové funkce
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Darce organu
Darce se smrti mozku a bijicim srdcem
2ij1'c1’ darce orgénu

Darce s nebijicim srdcem




Funkce Tx organu
Vlastnosti darce: vek, BMI, preexistu] ici choroby

Inicialni inzult

Smrt mozku: inflamatorni zmeny béhem smrti mozku =
zmeny U organech na bun€Cné a molekularni Grovni

PéCe o darce organil: metabolické abnormality, objemové
pletizeni, hypovolemle anemie

Prubé&h odbéru organu a vlastni transplantace
Délka Cekaci doby na ITx

Meier-Kriesche HU, Port FK, Ojo AO et al: Effect of waiting time on renal transplant
outcome. Kidney Int 2000,58: 1311-1317
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Vliv ¢ekaci doby a trvani HD na prezivani

stepu ledviny
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Zijici darci X darci po smrti mozku
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Anyanwu ] Heart Lung Transpl 2003:22:281-286
Gjertson DW Kidney Int 2000: 58: 491-499
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Patofyziologie smrti mozku

Inicialni faze: Dalsi faze
Tachykardie JSVR
Hypertenze JVTK
Periterni vazokonstrikce \/ hladin
Mplnicich tlakl katecholaminu
Mhladin katecholaminl kortizonu, thyroidalnich
J srdetniho vydeje hormonU, inzulinu
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Hladiny katecholaminu po
smrti mozku

Catecholamines pg/ml
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Katecholaminy po smrti mozku

Stupefl katecholaminoveé odpovédi koreluje s rychlostl' ZV}’féem’

ICP

Postupné zvyéem' ICP — mensi elevace hladiny katecholaminu

Exp: explozivm’ (il 0] hemodynamick}? kolaps do hodiny po

smrti mozku
Pomalejsi 1 ICP - rel. Stabilni stav do ukonCenti exp / 3 hod

—> explozivni navozeni smrti mozku: 1 symp boufe, rychlejsi

ztrata tonu sympatiku

Shivalkar B Variable effects of explosive or gradual increase of intracranial
pressure on myocardial structure and function. Circulation 1993; 87: 230-9.
Sebening C Cardiocirculatory effects of acutely increased intracranial pressure and
subsequent brain death. Eur J Cardiothorac Surg 1995; 9: 360-72.




Patofyziologické zmény pusobici
behem smrti mozku
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Nasledky smrti mozku

Hemodynamické nestabilita

myokardialni dysfunkce, arytmie, ztrata vazomotorickeho tonu

Plicni dysfunkce

UPV, kontuze, PNO, aspirace, atelektazy, edém, infekce
Porucha termoregulace

arytmie, koagulopatie, posun disocia&ni kfivky Hb doleva
Endokrinni dysfunkce (hypothalamo-hypofyzarni osa)

diabetes insipidus, \l/trij(')dtyronin, Vinzulin, Vkortisol
ACTH, TSH, ADH

Koagulopatie
DIC, diluce trombocytlol, koagulaCnich faktort

Metabolicke Zmény | K, 1 Na, hyperglykemie




Incidence patofyziologickych zmén
PO smrti mozku

Hypotenze 81%

Diabetes insipidus 65%

Diseminovana intravaskularni koagulopatie 28%
SrdeCni arytmie 25%

Plicni edem 18%

Metabolicka acidoza 11%

J Heart Lung Transplant 2004
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Hypotenze u darce

CAPACITANCE

HYDRAULIC PUMP

RIGHT HEART LEFT HEART

PUMP PUMP
Series

Alignment

A D
.

Hypovolemia Cardiac Dysfunction Vasodilatation

K.E. Wood: Transplantation Reviews 21, 2007, 204-218 /




Hypovolémie

Inicialni poskozeni

neadekvatni resuscitace, 3.prostor - | iv onkoticky tlak
Terapie IC hypertenze

restrikce tekutin — diuretika — manitol
Hyperglykémie (osmoticka diureéza)
Diabetes insipidus
| vaskularniho tonu

Zvrat hypotermie




Vazodilatace (! SVR)

Spinalni sok

Deplece katecholamintl

Ztrata vasomotorickeho tonu a autoregulace
Endokrinopatie pIi smrti mozku

Sepse




Myokardialni dysfunkce u darce

ol | i

Sympatické Deplece Koronarni
boure hormonit perfuze
Myoll;a’rdlalnl lhthyrmdalnl I EODAI
iinime . orn.lony, perfuzni tlak —
(katecholammy) kortizol L .
ischemie

pU g




Poskozeni myokardu po smrti
mozku

Preexistujici poskozeni: kontuze myokardu, tamponada,

ischemie
Subendokardialni ischemie

Strukturalni poskozeni myokardu: myocytolyza, nekroza
svalovych vlaken, subendokardialni krvaceni, edem, intersticialni

infiltrace mononukleéry

T ic kalcia — naruseni produkce ATP a 1 tvorba Voln}'fch
radikalil = zhorseni poskozent buflky




nekroza svalovych vlaken u 89 % pacientlol bez preexistujiciho

onemocne€ni srdce

Baroldi G, Di Pasquale G, Silver MD. Type and extent of myocardial
injury related to brain damage and its significance in heart transplantation:

a morphometric study.] Heart Lung Transplant 1997;16:994—1000

zme€ny v expresi myokardialnich genlol
Yeh T, Wechsler AS, Graham L], et al. Acute brain death alters left
ventricular gene expression. ] Thorac Cardiovasc Surg 1999;117:365-74.




f Endokrinni dysfunkce
= selhani hypofyzy
| ACTH, TSH, ADH, inzulin

Hypothalamus

Infundibulum

Superior hypophyseal artery

Primary plexus of the
hypothalamo-hypophyseal
portal system

Hypophyseal portal veins

Anterior pituitary | —— Hypophyseal veins

Hypophyseal vein

Secondary plexus of the
hypothalamo-hypophyseal

portal system Posterior pituitary

Anterior hypophyseal vein

Inferior hypophyseal
artery




Endokrinni zmény po smrti mozku: FT3

a TSH
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Endokrinni zmény

Rozdil zvifeci model a darce po smrti mozku
u Vétéiny darcl zachovana fce pf‘edm’ho laloku hypof}?zy
Sick euthyroid sy pf'i poraném’ mozku

Kortizol, inzulin normalni, | T3 variabilni

Subnormalni konc. T3: 60-80% darcu, 15% velmi nizké

hodnoty
Voln}'f tyroxin: 30-35% darci subnormalni hodnoty

Novitzky D Triiodothyronine therapy for heart donor and recipient. J Heart Transplant
1988; 7. 370-6

Masson F Thyroid function in brain-dead donors. Transplant Int 1990; 3: 226-33
Gramm HJ Acute endocrine failure after brain death? Transplantation 1992; 54

54:. 851-7
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Thyreoidni hormony u darcu

Smrt mozku — posun k anaerobnimu metabolismu v srdci,

deplece energetick}?ch 7zasob = vratneé suplementac{ T3
2777777

V}'fsledky nepotvrzeny, u Clov€ka neni korelace T3 — fce
srdce — potf'eba inotropni podpory

—> rutinni substituce thyreoidélm’ch hormonu nebhajitelna

Novitzky D Triiodothyronine therapy for heart donor and recipient. J Heart Transplant
1988; 7: 370-6

Masson F Thyroid function in brain-dead donors. Transplant Int 1990; 3: 226-33
Gramm HJ Acute endocrine failure after brain death? Transplantation 1992; 54

54: 8517

Powner DJ A review of thyroid hormone administration during adult donor care. Prog
Transplant 2005; 15: 202-7. /
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Randomizovana kontrolovana studie: T3 beze zmény

srdeCniho vykonu, podilu odebranych srdci

Venkateswaran RV The haemodynamic effects of adjunctive hormone

therapy in potential heart donors: a prospective randomized double-
blind factorially designed controlled trial. Eur Heart J 2009; 30: 1771-80

Zaver:
podavani thyroidnich hormonu sporné, dobré
V}'fsledky u ob€hove nestabilnich darcu na

Vysok}'fch davkach vazoaktivni podpory




Kortizol, ADH

Veétsinou normalni rozmezi hladin kortizolu

*VV/

Kapacita ke T sekrece po stimulaci ACTH nizsi
Terapie kortikoidy: k oslabeni imunitni odpovédi

Fce zadniho laloku hypofyzy ztracena u 80% darcu: diabetes
insipidus, elektrolytovy rozvrat, hypovolemie, HD

nestabilita

Dimopoulou | High prevalence of decreased cortisol reserve in brain-dead
potential organ donors. Crit Care Med 2003; 31: 1113-7.
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Hodnoceni polyurie u potenciélnl'ch
darcu orgénlol

Physiological influence

Variable Diabetes insipidus  Mannitol therapy  Hyperglycemia
serum sodium, mmol/L =150 =150 =150
Serum osmolarity, mOsm =300 =300 =300
Serum osmolar gap, mOsm Normal »>10-15 >10-15
Urine output, mL/h =300 =200 =200
Urine sodium, mmol/L <10 50-70 20-70
Urine osmolarity, mOsm/L <200 =300 =300
Urine specific gravity =1.010 =1.020 =1.020
Urine glucose Absent Absent Present

Critical Care Nurse. 2006;26: 94-100
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Imunologické aspekty smrti mozku
t hladiny cytokinll v krvi: TNFQ, IL 6, IL 8, IL[3
Up — regulaci t€chto cytokinlol v organech

T exprese IL 6 a TNFO => spatna fce srdce, predikce selhani prave
komory

Ledviny: 1 cytokinul v krvi a ledvin€

Cytokiny: iniciace zan€tlive kaskady, aktivace leukocytl a
adhezivnich molekul (selektiny, ic adhezivni molekuly a
monocytarni chemotakticky protein) = bb infiltraty v organech
Adherentni leuko: TNFQ, IFY = up regulace hlavniho

histokompatibilnitho komplexu (MHC): 1 imunogenicita $t€pu
cestou T bb
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Imunologické aspekty smrti mozku

Sympatické boufe — HD nestabilita po smrti mozku =
hypoperfuze a ischemie orgénlol

—> aktivace cytokinoveho systemu

Zvysuje se exprese mRNA cytokintl, chemokinu a
adhezivnich molekul

Smrt mozku:

uvoln€ni prozan€tlivych latek, zan€tliva odpoved’
Imunologicka aktivace organu pfed Tx —
histologicke poskozenti, | fce a peziti st€pu ve

/ / / Veeol/ / /
srovnani s organy od zijictho darce
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Smrt mozku a organy

Strukturalni zmé€ny perifernich organu

Zan€tliva reakce : imunologicka aktivace

Ektivace endotelialnich bb, tc, leu

Up-regulace prozan€tlivych mediatorul v perifernich
organech — 1 citlivosti k potransplantacnim
zanetlivym a imunologickym reakcim

thladiny prozanétlivych cytokinu po smrti kmene

1 exprese mRNA cytokinu, chemokinu a
adhezivnich molekul

Am ] Coll Cardiol 2002, Metabolism 1995, Transplantation 1998, Transpl Int
2005, Acta Anaesthesiol Scand 2009; 53: 425-35.




Smrt mozku a organy

Zvy$eni imunogenicity — 1T vnimavost Tx organu K
Imunitnimu systemu pfijemcu, ¢asna rejekce
organu

Imunomodulace darce pred odbérem organu??




Donor Inflammation - Recipient Outcome

Donor \ ReCipient

IL-8 exprese Funkce stCpu
Preziti

Neutrofilni infiltrace

Korelace IL-8 signalu darce:

* % neutrophilil BAL donor

* stupen poskozeni oxygenace $t€pu
* rozvoj t€zké Casné dysfunkce $t€pu
* Casna mortalita pIijemce

Fisher Am ] Respir CCM 2001; 163:259-65
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Ischemicko - reperfuzni poskozeni

Xanthine dehydrogenase — Kanthine ondase

ISCRAEMIA Hypaxanhine » Xanthine

BLOCKED

: Yankhine Tissue inpury
Hypocanihine A I Superoxides ' Chemaotas

REPERFUSION

Xanthiee oidase

-
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Post ischemicko - reperfuzni
posSkozeni (Casna faze 3 - 6 hodin)

+— | Ischemia-Reperfusion \‘

Complement Activation

and Activation

CD4* T-Cell Recruitment l

\ Kupffer Cell Activation |

. \ Hepatocyte / EC

/ T \ Activation
Intracellular

TNFa Il ROS
Mitochondria

MADPH Oxidase

\l v / \ / Xanthine Oxidase
Systemic PMN EC CAM \ v

Activation Expression
Hepatocyte / EC
l l Injury
PMN PMN Rolling /
Accumulation Adherence
(Sinusoids) (Venules)

Jaeschke et al, Am ] Physiol, 2003




Post ischemicko - reperfuzni
(pozdni faze > 6 hodin)

poskozeni

Primed PMN

ICAM / VCAM
Expression (EC)

Primed PMN
Sinusoids Venules
Hepatocytes //
p y i

bl

SA

Extravasation

ICAM Expression
(Hepatocytes)

Adherence to
Hepatocytes

}

Hepatocyte
Necrosis

/ \‘///

‘/

<«— | Kupffer Cells

Jaeschke et al, Am ] Physiol, 2003




Jatra

Obecné povaiovéna za rezistentni ke zménam b€hem smrti

mozku

Vazokonstrikce a pfechodna ischemie

Aktivace endotelu a zan€tliva odpovéd’ (cytokiny)
Naruseni vystelky sinusoidu

Deplece glykogenu, | jaterni sinusoidalni perfuze

Rozsah reperfuzm’ho poékozem’ je proporcionélm’ dobé

studeneé ischemie
Edém sinusoidalnich bb

BunéCna smrt




imunohistochemicky obraz: jatra darce,

stfedni poskozeni epitelu

imunohistochemick)'f obraz:jatra ziveho

pf‘l’jemce (aminopeptidéza M)

K Ces a Slov Gastroent a Hepatol 2007; 61(3): 129-134
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This study shows that brain death induces alterations in the donor liver
that make it more sensitive to preservation/ reperfusion injury than
livers from donors without brain death. The mechanism of injury to the
liver caused by brain death is not known. Because most livers used
clinically for transplantation come from brain-dead donors, it is
possible that poor function of these livers is due to the intrinsic
condition of the donor organ, more than the quality of the
preservation. Methods to treat the brain-dead donor to improve the
quality of the liver may be needed to allow better preservation of the

organ and to give better outcome after liver transplantation.

Donor Brain Death Reduces Survival After Transplantation in Rat

Livers Preserved for 20 Hr1. Transplantation: 2001,72 :1632-1636
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BRAIN DEATH DOES NOT AFFECT HEPATIC ALLOGRAFT
FUNCTION AND SURVIVAL AFTER ORTHOTOPIC
TRANSPLANTATION IN A CANINE MODEL'?

o

T T T Li T
L] 1 T 3 4 5 & 7
Days post-transplant

A

L T T T T T T T
L] ] 2 3 4 5 & 7

Days post-trans plant

LM (ILIL)

PuiLirrE ConmracNoN, HoNGBING WaNG, SusanNE L. LINDELL, MARY S. AMETANI,

MARTIN J. MANGING, ANTHONY M. IVALESSANDRO, AND JAMES H. SOUTHARD

2

Department of Surgery. Division of Transplantation, University of Wisconsin, Madison, WI 537892
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Je prokéazan priznivy a€inek steroidii podanych
kadaveroznimu darci s prokazanou smrti mozku pf‘ed
vynétim organu. LéCba darce steroidy vedla k potlaCeni
exprese prozénétlivych Cytokinfl na hodnoty nalézané
u zivych darcu.

Kuecuek O, Mantouvalou L, Klemz R, et al. Significant reduction of

proinflammatory cytokines by treatment of the brain-dead donor. Transplantation
Proceedings 2005; 37: 387-388

Vysokou citlivost Zlu€ovych cest na ischemické poSkozeni
potvrzuje zvySeny vyskyt biliarnich komplikaci a ischemické
cholangiopathie po OLT ve §tépech odebranych darciim se
srde€ni zastavou - non-heart beating donors.
Abt P, Crawford M, Desai N, Markmann J. Liver transplantation from

controlled non—heart—beating donors: an increased incidence of biliary complications.

Transplantation 2003; 75: 1659-1663.




Porucha hemostazy a TT

Uvolnéni tkanového tromboplastinu - aktivace koagulace %

souvislosti s disrupci endotelialnich povrchlol

Diseminovana intravaskularni koagulopatie az u 28 % darcu

orgénlol se smrti mozkového kmene

Hypotermie - ztrata hypotalamické kontroly Produkce tepla
je snizena nasledkem propadu metabolizmu a ztréty svalove
aktivity. SouCasn€ ztrata tepla vlivem V}'frazné periferm’

dilatace




Plicni zmeny
Plicni dysfce po Tx souvisi Cast€ji s jinymi pfthodami nez smrt
mozku (aspirace, kontuze...)
Mozkovou smrti navozene poskozent:
neurogenni plicni edém a zan€t plic
T LAP + AP — 1 plicni kapilarni tlak
Plicni edém:

1 hydrostatick}? tlak + strukturalni poskozeni endotelu




Donor BAL IL-8 ng/ml
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Cil péce o darce organu po smrti
mozku

zajiétém’ hemodynamické stability a homeostézy vnitfniho
prostf‘edl'

udrzeni adekvatni perfuze orgénlol pouéiteln}'rch pro

transplantaci

= optimalizace funkce orgénﬁ pro budouciho

pf'l’j emce




Zasady péce o darce organu

Zména terapie

resuscitace mozku

U

ochrana orgénfl darce
Stabilizace hemodynamiky
DostateCna oxygenace
Udrzovani normotermie

Elektrolytova, vodni a acidobazicka rovnovaha




Kontroverze v péci o funkci organu

Fluid Organ
Status Outcome

— “ T Yy

HeE

N, S ‘\ HE roon




Cile optimalni terapie

pravidla stovek:

Systolicky TK > 100 mmHg
Tepova frekvence < 100/min
PaO, > 100 mmHg
Diuréza > 100 ml/hod
Hb 100 g/1

Teplota 100 F ( nad 35°C)
SVR < 1000 dyn.s.cm™

CVP < lOmmHg PCWP < 10 mmHg




Standardni péce

Revize pledchozich ordinaci

[/Iprava nastaveni ventilatoru

PéCe o DC

Vazoaktivni latky + tekutinova terapie
Udrzovani TT nad 36,5°C

Kontrola lab. hodnot: biochemie, KO, koagulace
Mb screening + ATB

Krevni skupina, kontrola EKG, RTG S+P
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Doporucena terapeuticka opatreni
Korekce hypertenze/hypotenze
UPV, péCe 0o DC
Udrzovani TT
Hprava anemie
Terapie koagulopatie
Korekce hormonalni dysbalance
diabetes insipidus: adiuretin(desmopresin) 20 ug (2gtt)spray
suplementace thyreoidalnich hormonu??
udrzovani normoglykemie : inzulin

substituce steroidil: HCT 100 mg, metylpred15 mg/kg

U




fl Agresivni pristup k farmakologické
intervenci u darce

Methylprednisolone
Vasopressin

Triiodothyronine or L—thyroxine

Non-Hormonal Resuscitation Hormonal
(10,292) Resuscitation (701)
Age <40 3.8 organ/donor 4.2 organ/donor*
Age > 40 2.5 organ/donor 3.1 organ/donor*
eYounger

e ess CVA death
sLess DM/Hypertension
el ower Creatinine

N Rosendale Transplantation, 2003; 75: 482-487 /




Conclusion: An aggressive donor management protocol
decreases the number of donors lost as a result of cardiovascular
collapse and increases the number of harvested organs per

potential donor.

The effect of a protocol of aggressive donor management : Implications

for the national organ donor shortage. J Trauma. 2006 61(2):429-33

The use of these standardized and aggressive donor
management protocols has been shown to increase the
number of transplanted organs and prevent the number of

donors lost due to medical failures.

Aggressive organ donor management protocol. J Intensive Care Med.
2008 23(6):367-75




Uspésny odbér a Tx

Optimélm’ management darce
Chirurgicka technika odbéru

DodrZzovani pi"l’pustn)'fch Casl studené ischemie

S1I: doba od poéétku prom)'fvém' orgénu konzervaCnim roztokem
do doby obnovy prloltoku krve v orgénu po Tx

ledviny do 30 hodin, srdce+plice 4 hod,
jatra do 12 hod, pankreas 16hod
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Nova doporuceni?
Zasady komplexni resuscitaCni peCe s pfihlédnutim na specifika
H patofyziologie mozkove smrti

Hormonalni suplementace??

Je mozné zlepsent tkanové perfuze a omezeni reperfuzniho
poskozeni tx organu??
aprotinin, glutation, blokatory Ca kanalu,
atrialni natriureticky faktor,odlizeCe volnych radikall
(alopurinol)standard - konzervace plic iv infuzi PGE1
(zlepSeni vymé€ny plynu v opiCim modelu)
Specifické zasahy proti systétmovym zménam,
protektivni strategie

~
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Zaver
Systémové fyziologické zm€ny, nastavajici v prub€hu a po
smrti mozkoveho kmene, postihuji vsechny organy vhodne
pro transplantaci
Casny a agresivni hemodynamicky management a

hormonalni podpora mohou pozdr%et a doCasn€ zvratit

hemodynamickou nestabilitu a metabolick}'f rozvrat




Dekuji za pozornost




