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e Gunu errahi

strate)1

* Arkus aort
mortalite ve m I1 ve 70’11 yillara
oranla (%30-60) kabul edilebilir (%5-30) sinirlara
gerilemistir

® Ancak diger acgik kalp patolojilerine gore halen daha
riskli bir grubu olusturmaktadir.




e Arkus usturur

patolojilerinde
perflizyonunu zorlasti

Sol ana karotis arteri

Sol subklavyen arter
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ARKUS NLARI

® Dejeneratif an
® Transseksiyon

Cerrahi sonras1 komplikasyon olarak kanamadan sonra en sik
norolojik hadiseler (%5-40) goriiliir.

Svensson L ve ark J Thorac Cardiovasc 1993;106:19-31




® Noropsikiyatrik

e Klinik olarak arkus aort cerrahisi sonrasi norolojik hadiselerin
olusumunda 2 ana patofizyolojik mekanizma belirtilmistir

® Yetersiz serebral perflizyon
e Embolik fenomen

M Arisan Ergin et al. J Thorac Cardiovasc Surg 1994




Derin hipotermi ber ad serebral perflizyon
(Ueda-1990)

Derin hipotermi beraberinde Antegrad serebral perfiizyon
(Ergin-1994)

Modere hipotermik antegrad serebral perfiizyon (Frist-1986,
Bachet-1991, Kazui- 1992)




Yillar

== Profound Hypothermia Only

Antegrade Cerebral Perfusion

Retrograde Cerebral Perfusion

Without Circulatory Arrest




Gelisen tekn ar alinmasina
ragmen azimsan erebral hasarlanma
gorulmesi bizler1 serebral metabolizmay1 ve
fizyopatolojisini daha 1y1 anlamaya yonlendirmistir




duyarli organimizdir

® 100 gr beyin dokusu i¢in dakikada 50ml kan akimina
ihtiyac duyar (bmg glukoz, 3-4ml oksijen)

Gray matter White matter




e Sereb lanan
® Sagv
® Vertebral

tarafinca saglanir

e Bu arterler kafa tabaninda anastomozlar yaparak serebral
perflizyonda giivenlik saglayan Willis poligonunu
olusturular




® Ana enerji kayna 1z yoluyla tiretilen
Adenozin trifosfat (

® Bu yol ile bir molekiil glukozdan 38 molektl ATP tiretilir
(Embden-Meyerhof yolu)




® Piriivat ise sitrik.
indirgenecektir

e [aktat seviyelerinde artis intraselliiler pH’y1 diistirerek
noronlarda fatal etkilere neden olmaktadir.




iR B,

OGENEZI

Eksitator norotransmitter yollaklarinda toksisite

Glutamat ve aspartat seviyelerinde artis




Beyin
° Gluk
® Oksijen
® Yeterli kan bas

Hemodinamik degisimlerde 1se artan ithtiyaci dolasim
otoregulasyonu 1le dengeleyerek metabolizmasini
stirdiirebilmektedir.
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Sekil 1. Serebral kan akiminin PaCO,, PaO, ve
MAP ile iliskisi.
MAP: Ortalama kan basinc




Serel

Hipertansiyon

Diabetes mellitus
Hipotermi

Uzamis nonpulsatil akim

Kanamaya sekonder hipotansiyon A\

Anestezikler, sempatolitikler

pH stat yontemi




onlemler1 almaktir

¢ Beyin korunmasinda 3 ana prensip mevcuttur

® Oksyjenli kan 1le yeterli perfiizyon basinci olusturulmasi
® Metabolik hizin hipotermi ile azaltilmasi

® Farmakoterapi ile membran stabilizasyonu saglanarak
metabolik etkileri diizeltmek




Sereb kemik
surecte se rmiyiz ?

Givenli iskemik su
Iskemik sureci minimalize etmek ?

Cerrahi surecte aktif serebral dolasim
saglanabilir mi ?

Farmakolojik tedavi stratejileri ?




® Aort
temel

¢ Derin hipot
* Retrograt serebral perfiizyon
® Antegrat serebral perfiizyon




Prosthetic replacement of the aortic
arch

Four patients are reported in whom the aortic arch and variable portions of the ascending
and descending aorta were replaced with a prosthesis. In three patients the preoperative
diagnosis was dissecting aneurysm of the aortic arch and in one an arteriosclerotic anetrysm
of the aortic arch was present. A combination of surface cooling and cardiopulmonary
bypass was utilized to produce rotal body hypothermia. Arch replacement was carried out
during a period of total circulatory arrest. Cardiopulmonary bypass was then utilized 1o warm
the patient and resuscitate the heart. The average duration of cerebral ischemia was 43
minutes and the average duration of myocardial ischemia was 74 minutes. The average lowest
esophageal temperature was 14° C., and the average lowest rectal temperature was

18" C. Three patients are alive and well 4 to 13 months following surgery. One patient died

4 days postoperatively of pulmonary insufficiency. This experience indicates that by

utilizing total body hypothermia and circulatory arrest aortic arch replacement can be

carried out with an acceptable mortality rate. Corrective surgery should be offered 1o

patients with life-threatening enlarging aneurvsms of the aortic arch.

Randall B, Griepp, M.D., Edward B. Stinson, M.D.,
Jefferson F. Hollingsworth, M.D., and Donald Buehler, M.D., Stanford, Calif.

J Thorac Cardiovasc Surg 1975, 70:1051-1063



Dissekan

® Givenli anastomo
® Hiicre i¢1 enzimatik reaksiyonlarin yavaslatilmasi
® (ksijen ve glukoz gereksiniminde azalma

® Serebral anoksiye direncin artisi

¢ Doku pH ve ATP duzeylerinin korunmasi

Faydalar1 mevcuttur

Michenfelder JD et al. Anesthesiology 1970;33:430-9
Swain JA et al. J Thorac Cardiovasc Surg 1991;102:76-83




Yiiksek ora ECICT santral
norole o gorulmesi 1se yontemin en
onemli dezavantajidir

Kanama ve koagulasyon defekti i1se en sik
gorulen komplikasyonlarindandir.




Giivenli HAS zamam ? =  Santral Norolojik Defisit
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dakika 1ke

e 10° C ve altinda
(McCullough ve ark)

e Svensson ve ark’nin yaptigi calismada ise bu siirenin
16° C’de 40 dakika oldugu (J Thorac Cardiovasc Surg
1993)

¢ Ergin ve ark’nin ¢alismasina gore ise bu siirenin 16° C’de
30 dakika oldugu belirlenmistir(J Thorac Cardiovasc Surg
1994)




Hypothermic circulatory arrest in operations on the

thoracic aorta
Determinants of operative mortality and neurologic outcome

This study was underinken to determine the factors thal influence the final outcome after hypothermic
circulatory arrest. Between 1985 and 1992 a wniform method of hypothermic ciroulstory arrest was
used in 200 patienis as ihe primary method of cerebral protection during operations on ancwrysms of
ihe thoracic aoria. There were 30 hospital deaihs (15 %L Age greater than 60 years (relative rsk 3.7,
p = L2, emerpency operation and bemodymamic compromise (relative risk 22.2, p - (L)), concom-
jtant procedures {relative rsk 2.7, p < 04}, preseniation with new newrologic symptoms (relative risk
5.2, p<0L0D4), and postoperative permanent neurologic deficits (relative risk 9.4, p < (L) were Found
in he significant predictors of operative mortality. A total of 183 paticets were available for evalistion
of neurologic function and catcome. Multiveriate analysis of this cobort of patients by multiple logistic
regression showed that temporary sewrologic dysfmction oceurred in 36 cases (19% ). Temporary
neurcdogic dysfuncltion correlated with the duration of hypothermic circulatory arrest (47 + 16 min-
utes; oids ratio 106 'minute; p < 0.001) and age (66 = 14 yeurs; odds ratioc 107/ vear; p < (LDOTL
Embalic sirokes occurred in 22 patients (11% ) and were associated with permanest deficis in 13
(7% )L Sirokes correlated sipnificantly with ape (older than 60, 21% versns younger than 60, 1%;
p < 0.001) und operations on the arch and descending aortic anenrysms containing clot or atheroma
(p < 00011 This experience shows that the operative mortality i nol affected by any parameters
related to the use of hypothermic circulstory arrest. The incidence of temporary neurologic dysfunction
rises lincarly in relation to the age of ihe patient and the duration of hypothermic circulalory armest.
However, permaneni newrologic injury is a result of thromboembolic events and s not related to the
method of cerebral protection wsed. Additionsl methods fo prevent perivperative embolic strokes are
needed. Hyposthermic circulstory arresi alfords sdeguate cerebral prodection il the arresd period is kept
less than 60 minotes. We will continue 1o use this modality unill the safeiy and uiility of the aliemaie
methods of cerchral protection are shown (o be superior. (J THorac Carpiovasc Surc 1994107 THE-
Oy

ki farkhh hasar mekanizmasi
1.Strok: Partikiil embolisi
(%65)

M Arisan Ergin et al. J Thorac Cardiovasc Surg 1994
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® Soguma ve 1sinma protokolii

o (Ozellikle 1s1nma déneminde perfiizyon 1sis1 ile vucud 1s1s1 arasinda
10° C iizeri gradient olusturulmamas:t GAZ EMBOLISI acisindan
onemli

® Metabolik management (Alfa-stat / pH-stat)

Alfa-stat: otoregiilasyon korunur, sogurken alkaloz, isiirken
O2 bozulur

pH-stat: serebral kan akimi artar, sogurken hiicre i¢1 pH
korunur, mikroemboli riski artar
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Stat Versus Alpha-Stat Perfusion

Strategy

During Experimental Hypothermic Circulatory
Arrest: A Microdialysis Study

M.1II| T‘nlu la, h'll

Sebastian Dahlbacka, MS, Fausto Biancari,

B PR,
PhD, Kar Kiviluoma, MO, PhD,

.lkil'u.'n h.l'-'r I._'mm_* Heikkinen, MS,
, MO, Vesa Anttila, MDD, PRI, and

fedicine, University of Clula, Cullu Ulniversiby Hoepital, Culu, Finlend

Eackgromnd, The supariority of the pH-stat o the wesim

ik BT Imonary bypass s a4
neyprpmtective meedhind duning hl.-'|:-||llwr|n|r cin |

arrést is sHll cmiroviersisl. In the present stad

mistabolizm awl on b Dave been evaluabsd in & smr-

viving mndel of experimental hypothermic circalatory

qu niy piigs undergoing 75-minutes of hy-

at o braim btedpen

|l.l'|.r|.|||'|-' dssigmed bt -zbab foo= B0F O

= 1M stravegy durdng cardiopulmwonary

= The Paday survival rate was 807 09 of 100 in the
|.=I-[ '«.I.alqump and 1% (1 of 10k in the a-stat growp. At the
emcl of coodin ||-H--|.| vt sbeateny was aesas iabed with
significa
hons and beain b
bryin conconrtrk
L ke g lancide ratio

baka, |.|-'l.'r|.|'| LI
e sigmibicantly lower in the pH-

are of

stat gmnap. This stmtegy was aseos (aded with a fastor rise
of Drdin Hssue | Pova e atid PRI L1 TR o
fuskom, which is lll,nll.' secomdary o improved cerelbral
pertasim.
Corclnsiors. During cardigpalimoasary Dy pass b
and afler a purlm'l nf I11.|_HHI1;-|11||| circulatory .\rn.-l.l
SCbil-Diasme mand ey el o condingg (i 15 pH=-star prrinck
seemed b b iclated with less deramgemments in
imtracranial pressaes, amd
sy el survival ouloo
beneficial 1
bl b fhids e sbmedies using an
exparimental model of combined HCA and embolic
brain injury are required bo exclude a possible i
Ask of cersbral smbolisim sssociated sith the
wrate gy.

1A Thore
M3 by Tha Society

Matti Pokela et al Ann Thorac Surg 2003




Sonugc olarak bu teknigin uygulanmasinda giuivenli stire
asimi ile artan mortalite ve morbidite oranlari
cerrahlari yeni teknikler gelistirmeye yonlendirmistir




e HCA silirenin uzama ebral perfiizyon yeni

yontemleri beraberinde getirmis

e Ueda ve ark 1992 yilinda aort cerrahisinde stiperior vena
kava’dan retrograd serebral perfiizyonu tanimliyarak
sonuclari 1le birlikte sundular




Surgery, Tenri Hospital, Tenri, Nara, Japan

From 1987 to February 1991, we have repaired or replaced the aortic arch in ten patients using deep hypothermic
systemic circulatory arrest with continuous retrograde cerebral perfusion (CRCP). CRCP can be implemented using the
bypass connecting the arterial and venous lines of the extracorporeal circuit to reverse the flow into the superior vena
cava cannula after induction of circulatory arrest. CRCP flow required to maintain an internal jugular vein pressure of
20 mmHg ranged from 100 to 500 ml/min. After completion of suturing of the aortic arch graft, air is evacuated
retrogradely from the open arch vessels prior to reestablishing the usual arterial return. Two patients died, one from
sepsis and the other from liver cirrhosis 1 month postoperatively. CRCP times ranged from 11 to 56 min, and minimal
nasopharyngeal temperatures ranged from 16° to 18°C. The difference in oxygen content between the perfused blood
and the blood draining from the arch vessels during CRCP most likely reflected the steady-state metabolism of the
brain during the deep hypothermic state. This technique offers advantages including the need for dissecting and
clamping the arch branches, providing sufficient metabolic support to the brain during deep hypothermia, and
eliminating embolism of particulate debris from the aortic arch.




o Serebral meta

© Serebral hipoterminin siirdiiriilmesi
olmasina ragmen

® Yapilan ¢alismalarda ancak %35 oraninda serebral perfiizyona
katkis1 oldugu gosterilmistir (vertebral, azigoz ven sistemine
artmis drenaj)

® Yiiksek basing¢larda (30mmHg ) verildiginde ise serebral 6dem ve
hasarlanmaya neden oldugu gorulmustir

Midulla PS et al J Card Surg 1994;9:560-74
Juvonen T et al Ann Thorac Surg 1998;66:38-50
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Retrograde Cerebral Perfusion Does Not Perfuse

the Brain in Nonhuman Primates

Christiane ]J. Boeckxstaens, MD, and Willem J. Flameng, MD
Department of Cardiac Surgery, Katholieke Universiteit Leuven, Leaven, Belgium

Background. Recently retrograde cerebral perfusion
(RCP) has been advocaled as an alternative to complete
circulatory arrest during aortic arch surgery.

Methods. In 19 baboons, we compared brain protection
using hypothermic circulatory arrest or RCP. Animals
were placed on cardiopulmonary bypass, cooled to 18°C,
underwent 1 hour of direnlatnry arrest ar RCP, and wara
reperfused for 3 hours. Biochemical variables, cerebral
bloed How (colored microsphere techniquel), and brain
histology were assessed,

Resulfs. Release of the brain-specific ischemic marker
CK-BB was similar in both groups (peak values, 123 +
97 U/L in the circulatory arrest group and 164 + 88 U/L in
the RCP grouwp; p > 0.05), as were the arteriovenous

differences in glucose uptake and lactate production (p >
0.05). During RCP, significant brain flow could not be
detected (0.5 = 0.5 mL - min *- 100 g ). About 90% of
the blood was shunted to the inferior caval vein, and an
equilibrium in circulating microspheres was found be-

tween RCP inflow and caval vein outflow. Less than 1%
of the RCP inflow returncd to the aortic arch. THatolugic

signs of brain damage were minimal in both groups,
although slightly more glial edema was found in the RCP
group.

Conclusions. These data suggest that in nonhuman
primates, retrograde cerebral perfusion does not perfuse
the brain because of venovenous shunting.

{(Ann Thorac Surg 1395;60:319-285)
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Retrograde cerebral perfusion during thoracic aortic surgery and late
neuropsychological dysfunction
David L. Reich**, Suzan Uysal*, M. Arisan Ergin", Carol A. Bodian®", 1. Retrograd Serebral Perfiizyon
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Abutraci

Oypective: Ketrograde cerobral perfusion (RCF) is commonly used in thoracic aoniic surgery, ostensibly 1o peovide
mainizin cerchral hypothermia andior wash our paniculste emboli. We tested the hypothesis that BCP would affect ne
owicome in a clinical cohort. Methods: Ninety-four patients underpoing elective thoracic sonic repairs requiting deep
latory arrest consented o particlpate in this study, These paticats underwent preoperntive neuropsychological evaleation
reference group, Fify-sis of these patients also underwent pesmpsychological evalusion several weeks postoperatively, |
hisd RCP. The nesropsychological domaine iested were stiention, procoss ing speed, memary, executive function, and fine
ighobal assessment of impairment, negative neuropsychological outcome (NNO), was defined 5s & postoporitive decreass in
e neuropsychidogical domains for patients with at least three domiains tested both pre- snd postoperatively (n = 48)
three potential prodicion (RCP, cercbral ischemia time and patient age) & negative oulcomes was analyzed using Wiked
tests, y tests, Mantel-Hacnszel ests and multiple logistic regression. F < 0U05 was considered sigaificant, Resalts: Me
and NNO had stromg associations with RCP. This offect remained significant when controlling separately for age amd cereh
Conclusions: The cffects of RCP are difficull 1o distinguish from those of age and prolonged cerebral fschemia Gme, Boca T b
thowacic aortic ropairs are assoctited with advanced age, prolonged cersbeal inchemin and use of RCP Despite this limitation, thess
preliminary data indicated that RCF had so beneficial effect (and most likely & negative effect) upon cognitive owtcome. © 2001 Elsevier
Sciemce BV, All nights reserved,

Keywords: Aonic aneurywn, Thorcic, Retrgade cerebral perfusion; Thoracie surgery ; Neoropsychology: Outcome study; Hypocsermic cirenlstony aoest




Re

e Hipote

kullanilmasi

Ancak bu bildirilen so
calismasini desteklemekte

cok Ergin ve ark’larinin

® Norolojik hadiselerin 2/3 oranda embolik nedenlerle
iliskilendirilmesi

Ancak yontemin giivenli hipotermik sirkulatuvar arrest
stiresinl uzatmamasi kisa stirede popiilaritesini yitirmesine
neden olmustur




® Erginv erebral
perfiizyon
tekniklerinde

® Yapilan ¢alismalarda yalnizca hipotermik arrest veya
retrograt serebral perfiizyonla kombine hipotermik arrest
yontemlerine gore ¢ok daha diistik akimlarda daha 1y1
serebral koruma sagladig1 goriilmiistiir

Frist WH et al Ann Thorac Surg 1996;42:273-81
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A Reconsideration of Cerebral Perfusion
in Aortic Arch Replacement

William H. Frist, M.D., John C. Baldwin, M.D., Vaughn A. Starnes, M.D.,
Edward B. Stinson, M.D., Philip E. Oyer, M.D., Ph.D., D. Craig Miller, M.D.,
Stuart W. Jamieson, M.B., F.R.C.S., R. Scott Mitchell, M.D.,

and Norman E. Shumway, M.D., Ph.D.

ABSTRACT Ten patients underwent aortic arch replace-
ment for aneurysmal disease from 1970 to 1985 using a
simplified cardiopulmonary bypass (CPB) technique with
partial brachiocephalic perfusion, low CPB flow (30 to 50
ml/kg/min), moderate systemic cooling (26° to 28°C), and
topical hypothermic myocardial protection. The arterial
line from a single pump head has a ¥ shape to perfuse the
femoral artery (20F cannula) and either the innominate or
left carotid artery (14F).




GND
[%]

*p=0.05
OR 0.33

HSA HSA+RSP HSA+AS

Hagl ve ark. JTCVS, 2001




o [lerleye bklavyen

arteri inflo

Subklavyen arteri i lanilmasinin

avantajlar 1se

Komplikasyon orani diisiik
Preperasyonu kolay
Fizyolojige yakin antegrat akim yolu olmasi

Disseksiyon olgularinda subklavyen artere disseksiyon
uzaniminin disiik oranda goriilmesi




® Antegra
perfiizyon
diistiniilse de

selektif
miyacagi

e Vertebral arterler ve internal karotis arterlerden olusan
willis poligonunda bir anomali olmamasi1 durumunda
unilateral selektif perfiizyon ile bthemisferik perfiizyon
saglanmis olmaktadir

Svensson LG et al J Thorac Cardiovasc Surg 2002;124:1068-70




norolojik hasarlanm I1 olarak daha az
gorilmiustiir (P=0.04)

e Subklavyen arterin kullanilamadigi durumlarda ise
disseksiyon olmayan olgularda femoral arter inflow yeri
olarak kullanilabilmekte

e Boylelikle bobrek gibi iskemiye oldukca duyarli organlarin
perflizyonuda es zamanh olarak saglanabilmektedir.

OKita Y et al Ann I'horac Surg Z0U1;/2:/2-Y
Hagl C et al J Thorac Cardiovasc Surg 2001




uygulanmistir( To

Olgularin 4’tinde(%17) patoloj1 anevrizma, 19’unda(%383) 1se
disseksiyon 1di.

Tim olgularda 16-18° C sistemik hipotermi uygulanmig
ortalama sirkulatuvar arrest suresi 37dakikadir.

Unilateral antegrat serebral perflizyon 19 (%83)olguda
subklavyen kanulasyonu, 4 (%]17)olguda (femoral kanulasyon)

Arteryal kanulasyon yer1 olarak , 19 hastada subklavyen arter, 4
olguda ise femoral arter tercih edilmis, 2 (%0.8) olguda 1se
femoral ve subklavyen kombine kanule edilmistir.




® Mortalite goriilen
® 3 olguda preoperatif olarak serebral malperfiizyon
® 1 olgu miyokardiyal disfonksiyon

® 1 olguda ise renal disfonksiyon

® Morbidite orani %3 olup
® 4 olguda kanama (%1.7)
® 3 olguda gecici renal disfonksiyon(%1.3)

Hicbir olgumuzda santral norolojik defisit gortilmedi




DerinHipotermik Antegrad serebral | Retrograd serebral
Sirkulatuvar arrest perfiizyon perfiizyon
n % n % n % p

Matalanis 1 /4 7.1 425 160 023 - 0.13

Ve
ark(2003)

Okita ve 4/30 13.3 10/30 33.3 0.05
ark(2001)

Shimazaki 2/39 5.0

ve ark
(2004)

Ozatik ve 0/22
ark (2004)

Kazui ve 0/32
ark (1992)

Klinigimiz 0/23
(2011)




® (errahi prosedur culatuvar arrest ile
brakiosefalik arterin disseke olup olmadiginin
degerlendirilmesi ardindan klemplenerek antegrat serebral
periizyonun 1dame edilmesi gerekmektedir

¢ Sirkulatuvar arrest baslatilmadan yeterli metabolik
baskilanma saglanmali ( juguler O2 saturasyonu, EEG
monitorizasyonu)




kombine e

Serebral emboli ¢
uyguanmali

t serebral yikama

Erken postperatif doemde hipoksi, hipotansiyon ve asidoz
onlenmeli

Antegrad serebral perfiizyon 1le uzamis giivenli i1skemik stiregte
distal perfiizyon uygulanmadigi hatirlanarak onlemleri alinmali

® Distal femoral perfiizyon

® Distal anastamoz sonrasi greftten distal perfiizyon




