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Norolojik hasar

Ciddi norolojik hasar insidansi (% 2.5-5)

Mindr néronal gelisim hasarlarini belirlemek zor

Menache CC. Ann Thorac Surg 2002;73:1752-8.
Avila-Alvarez A. An Pediatr (Barc) 2012;76:192-8.



Beyin hasari nedenleri

Eriskinler

e Emboli

Cocuklar
e iskemi/hipoksi

v Teknikler
* Derin hipotermik dolasim arresti (DHDA)
* Disuk akimh bypass

v Bypass devreleri

v’ Bypass yonetimi

v’ Arteriyel kan gazi yonetimi (a-stat/pH stat)

v" Hematokrit degeri

v" Soguma/isinma hizi ve derecesi




KKH olan cocuklar

e Yeni
lezyonlar
Anormal MR
Preop bulgular el * Onceki
lezyonlarda
kotulesme

(%35-67)

vVTerm YD == % 20-40 beyaz cevher hasari
v'Hipoplastik sol kalp send === % 30 beyin disgenezisi

Mittnacht AJ. Ann Cardiac Anaesth 2014: 17: 25-32.



Norolojik hasar
. Yenidogan

J
’—'

Infant/buyik cocuklar




Norolojik hasar

Kompleks kardiyak cerrahiler yapilmaktadir
« Derin hipotermik dolasim arresti (DHDA)

« Selektif serebral perfizyon
 Normotermik KPB

Ozellikle coklu operasyon gecirenlerde
Hem intraop hem de postop dénemde risk vardir

Ciddi hasarin olusmamasi icin
 NOromonitorizasyon



NOoromonitorizasyon yontemleri

Elektroensefalografi

Bispektral indeks

Transkraniyal Doppler

Serebral oksimetri yontemleri
« Juguler vendz bulb oksimetri
* Near infrared spektroskopi (NIRS)



Elektroensefalografi (EEG)

Elektrodlar (2-16 kanalli)
ile serebral kortikal
sinaptik iletimin
Olctlmesidir

Kalp cerrahisinde

* Nobetin belirlenmesi

* Anestezi derinligi

« Elektriksel sessizlik
DHDA’'nde
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Pediyatrik kalp cerrahisinde EEG

Amplitude-integrated EEG (aEEG) kullaniimaktadir.
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Pediyatrik kalp cerrahisinde EEG

Nobet aktivitesinin saptanmasi

* Periop elektriksel ndbet % 30 cocukta vardir

Dortte biri semptomatik

(Gaynor JW. J Thorac Cardiovasc Surg 2005; 130: 1278-86)

« Tek ventrikuli olan ve palyatif cerrahi uygulananlarda
nobet orani %33
Erken mortalite orani yliksek

Motor gelisme geriligi
(Gunn JK. Ann Thorac Surg 2012;93:170-6)



Pediyatrik kalp cerrahisinde EEG

Derin hipotermi uygulanan infantlarda

 EEG degisiklikleri ile anormal norolojik bulgular arasinda iliski
bulunamamis.

(Williams GD. Semin Cardiothorac Vasc Anesth 2007;11:23-33)

Yenidoganlarda

«  izoelektrik EEG, kortikal aktivitenin yoklugunu gdstermeyebilir

(Ashwal S. Clin Perinatol 1997; 24: 859-82)

Hasta sonuclarini iyilestirmedeki etkisi

TARTISMALI




EEG’deki sorunlar

Ozel egitimli teknisyen gerekli
Elektriksel sinyallerle etkilesim
Artefaktlar

Bircok faktorden etkilenir
* Anestezikler

« Dusuk sicaklik

- KPB

El-Naggar WI.J Crit Care 2010;25:317-21.
Bernet V. Pediatr Res 2010,67:650-5.



Bispektral Indeks (BIS)

e EEG paternini, Fourier analizi ile sayisal degere donustirar
e Kullanim alani

* Anestezi derinliginin belirlenmesi
* DHDA'nde elektriksel sessizligi saptamak

* Serebral hipoperftizyon Raw EEG patiems: =

* Serebral hava embolisi Awake

Sedated

|
|
Surgical /\/\/\/\
anesthesia |

Burst
suppression |

Isoelectricity | ‘
le—1.5econd .




Bispektral Indeks (BIS)

v Etkileyen faktorler

* Hareket

« Epileptiform aktivite

»  Elektrikli aletler

*  Kullanilan anestezik ajanlar

* Hipotermi, hipoglisemi

Infantlarda ve kiiciik cocuklarda BIS degeri giivenilir degildir

Davidson AJ. Br J Anaesth 2005; 95: 674-9.
Kern D. Paeditr Anaesth 2007;17:249-54.




Transkraniyal Doppler (TKD)

Ultrasonik prob ile 1-2 MHz akustik vibrasyon dalgalari
*  Pulse-wave ultrason dalgalari prensibi

« Kan akim hizi ve yonu belirlenir

Laminar blood flow:  Ffagigmepesme
Systole cms -

Doppler shift freq.

Diastole . .
Diastolic

velocity

Peak velocity
spectral envelope
(edge)




Transkraniyal Doppler (TKD)

v Prob “temporal pencere”ye yerlestirilir
v’ Insonasyon acisi ayarlanarak MCA ve ACA bifurkasyonundan d8lciim

Ultrasound

: Probe
beam axis




Transkraniyal Doppler (TKD)




Transkraniyal Doppler (TKD)

Gosterilen parametreler

« Sistolik, diastolik ve ortalama akim hizlari

«  Pulsatilite indeksi
(zirve sistolik hiz-zirve diastolik hiz/ortalama h/z)

- Sinyal glicu IR M=o T
« Rezistans indeksi A u
«  Otomatik/manuel emboli tayini

Serebral kan akim hizini gésterir

 Damar c¢api

PaCO,, sicaklik, bypass akimi, serebral perflizyon basinci



Cerebral blood flow during cardiopulmonary bypass in pediatric
cardiac surgery: the role of transcranial Doppler - a systematic
review of the literature

Angelo Polito, Zaccaria Ricci*, Luca Di Chiara, Chiara Giorni,

Cardiovascular Ultrasound 2006, 4:47
MEDLINE taramasi ile 23 makale

Makale analizi sonucunda TKD kullanim alanlari
« KPB sirasinda serebral fizyolojinin incelenmesi

Pompa akiminin Gst ve alt limitlerinin belirlenmesi
« Serebral hemodinamik degisikliklerin izlenmesi
 DHDA ve dusuk akimli KPB’da

* Arkus aorta onarimi yapilan yenidoganlarda rejyonal distk
akim perfizyon

» Serebral emboli tayini

*  Cesitli; a-stat ve pH-stat yaklasimi, hematokrit,
kanulasyonun etkisi




Aort kanulinun uygunsuz pozisyonu




SVC kanulinun malpozisyonu

ML WUW



KPB’da serebral perfuzyon bozuklugu

1.80
kHz

1.80
kHz




DHDA’'nde retrograd serebral perfiizyon

Antegrade Arrest Retrograde

2
v




Serebral emboli

\

r

0.25 0.25
Time (seconds) Time (seconds) Time {seconds)

Velocity (cm/s)

Y

Aortik kross klemp acildiginda siklikla gorilir (%42)

Emboli ile ndrolojik hasar arasinda iliski bulunamamis



TKD kullanimindaki sinirlamalar

Olctiimle ilgili olanlar

« Dopler sinyal kazancinda degiskenlik

« Doplerinsonasyon acisina bagli 6lcim hatalari
*  Prob pozisyonunda degiskenlik

«  Anatomik yapinin uygun olmamasi
(US dalgalarini gondermek icin)

Artefaktlar yanilgiya yol acabilir
«  Elektrokoter
*  Transducer proba fiziksel temas

Kullanici deneyimi cok 6nemli



Serebral oksijenizasyonun monitorizasyonu

Juguler vendz bulb oksimetri (SjvO,)

Near infrared spektroskopi (NIRS)



Juguler venoz bulb oksimetri (SjvO,)

Global serebral oksijenasyonu gosterir

Teknik

« )V, retrograd kanule edilir ve kateter yerlestirilir.

« SVC, cerrah tarafindan retrograt olarak kandle edilir

* Yerlestiriimeden 6nce kalibrasyon gerekli T
« Ucunun juguler bulbusta oldugu teyit edilmeli 7, =

SjvO, 6lgimu
Oksimetrik kateter ile surekli muscl
* Veno6z kanda aralikli




Juguler venoz bulb oksimetri (SjvO,)

Teknik dezavantajlari

« Uygulanmasi uzun surer

e Invazivdir

Olcum sakincalari
« Serebral ven6z anatomi kisisel farkliliklar gosterir

« Dusuk akimda veya akim kesildiginde glivenilir degildir

Mutch WAC. Ann Thorac Surg 1997; 64: 695-701.



Near-infrared Spektroskopi (NIRS)

Doku oksijenasyonunu strekli gdosteren non-invaziv bir ydntem

700-1000 nm kizil6tesi 1sin yayan prob ile oksijenize/deoksijenize
hb 6lcimu

Light source







NIRS ile takip

rSO,; non-pulzatil beyin dokusundaki O, icerigini gosterir

O, sunumunu A CMRO,'yi azaltan ve rSO,yi

’ ve rSO,’yi AN A faktorler
faktorler . Hipotermi
A PaCO old
aCo, N Sedasyon, anestezi, analjezi
Hb A\ . Ane Nobetlerin 6nlenmesi
CO A
T u yapilmal

o OAB A

. KPB akimi A SO, artar, fakat SjvO, artmaz
CPP A



NIRS ile takip

Global serebral perfliizyonu gostermez

« Serebral iskemiyi gostermeyebilir

Serebral perfuzyon azliginda veya yoklugunda yanls

sonuc verebilir

Durandy Y. Perfusion 2011: 26: 441-446.



Cerebral Oxygen Saturation Before Congenital
Heart Surgery

C. Dean Kurth, MD, James L. Steven, MD, Lisa M. Montenegro, MD,

(Ann Thorac Surg 2001;72:187-92)

Diagnosis Sag, (%)  Sco,(%)
Control (n = 19) 98 + 1 68 + 10
VSD (n = 10) 98 + 2 66 * 6
PDA (n = 12) 98 =2 53 + 8°
TOF (n = 8) 81+7* 57*+12*
TGA (n = 10) LM 47*11°
HLHS (n = 10) 84 8" 46+ 8"
Pulmonary atresia (n = 6) 66 +7* 386
Single ventricle and APS 784 507
(n = 10)
Single ventricle and BDG 80 £6* 43 *6"
(n=29)
Fontan (n = 3) 95 + 1 70 = 4
Coarctation (n = 5) 99 =1 73 +13
Interrupted aortic arch (n = 2) 84% 47%
Aortic stenosis (n = 2) 100% 67%
Aortic insufficiency (n = 1) 100% 47 %
Total anomalous pulmonary 92% 43%
veins (n = 1)
Complex (n = 1) 85% 35%




The significance of baseline cerebral oxygen saturation in children
undergoing congenital heart surgery

Kathleen N. Fenton, M.D.*, Katherine Freeman, B.S., Kimberly Glogowski, C.C.P.,

The American Journal of Surgery 190 (2005) 260-263

Cardiac physiology groups

KKC uygulanan 143

I nfa ntve QOCU k 1: No cyanosis, no mixing RVOT repair or conduit (13)
Valve replacement/repair (8)
. Subaortic membrane (6)
2 glin/17 yas Repair LVOTO (3)
. Aortic root replacement (3)
(median 8 ay) el
2. L—R shunt without cyanosis VSD (32)
ep e CAVC (15)
rSO, takibi ASD (5)
Other (4)
3. Cyanosis without L—=R shunt Fontan completion (11)
4, Cyanosis and L—R shunt ToF (8)
TGA (7)
Single ventricle, Stage 1 (7)
Single ventricle, Stage 2 (5)
PA/VSD (4)
Truncus (3)
TAPVR (2)
Other (3)

Group Diagnoses




The significance of baseline cerebral oxygen saturation in children
undergoing congenital heart surgery

Kathleen N. Fenton, M.D.*, Katherine Freeman, B.S., Kimberly Glogowski, C.C.P.,

The American Journal of Surgery 190 (2005) 260-263

80

70 |

80 |

Sc02

50

40

30

All patients Group 1 " Group 3

Fig. 1. Baseline ScO, by physiologic group. *P < .01 vs. group 1.




KPB sirasinda rSO, degisimleri

° 13 a 80
yas A

 Pulmoner artere - MW\M

konduit konulmasi

60

 Htc: %35 (preop) =
* Htc: % 22 (KPB) B
 Orta derece 40 1

hipotermi (32 OC) § I~ Pre CPB = CPB "Post CPB'

(; 5I0 1(;0 1;0 2(')0 25‘0 3l'l)0 350
Minutes

Andropoulos DB. Anesth Analg 2004, 99: 1365-75.-



KPB sirasinda rSO, degisi

100
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40
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[ — R 1505
i L rSO,
| RLFP |
- :
Pre CPB i< CPB i< Post CPB
60 120 180 240 300

Time (minutes)

Andropoulos DB. Anesth Analg 2004, 98: 1267-72.-




rSO, degeri ve norolojik durum

Dusuk Yuksek
rSO,

Mortalite




rSO, degeri ve norolojik durum

Beyin hasarini 6nlemek i¢in rSO, nin
* Bazal degerin < % 20’si
* <%45-50

Dent C. J Thorac Cardiovasc Surg 2006; 131: 190-7.
Kurth CD. Anesth Analg 2009; 108: 1268-77.



NIRS komplikasyonlari

Prob yapiskanina bagl cilt hassasiyeti

Isik kaynagina bagli yaniklar ve basin¢ hasari

Ozellikle prematir yenidoganlar



Protecting the Infant Brain During Cardiac Surgery:
A Systematic Review

Jennifer C. Hirsch, MD, MS, Marshall L. Jacobs, MD, Dean Andropoulos, MD,

(Ann Thorac Surg 2012;94:1365-73)

Noromonitorizasyon ve noroproteksiyon konusundaki
makaleler derlenmis (1990-2010 yillari)

« KPB uygulanan
« < 1vyasinfantlar
« ACC/AHA'nin kanit seviyesine gore diizenlenmis




Protecting the Infant Brain During Cardiac Surgery:
A Systematic Review

Jennifer C. Hirsch, MD, MS, Marshall L. Jacobs, MD, Dean Andropoulos, MD,

(Ann Thorac Surg 2012;94:1365-73)

Table 1. Manuscript Categories (n = 162)

Category No. of Manuscripts in Group

Biomarkers 17

Perfusion 3
Pharmacology 5
Postoperative monitoring 11
Risk factor analisis 33
Technique 3
Temperature/SvO, 1
EEG = electroencephalogram; SvO, = venous oxygen saturation.




Protecting the Infant Brain During Cardiac Surgery:
A Systematic Review

Jennifer C. Hirsch, MD, MS, Marshall L. Jacobs, MD, Dean Andropoulos, MD,

(Ann Thorac Surg 2012;94:1365-73)

Table 2. American College of Cardiology/American Heart Association Scores and Conclusions for Grouped Manuscripts

Original Distribution of

Group No. Final Score Scores Final Conclusion
EEG 4 Class Il (no benefit), Class IIB, Level B (4) No data to show that EEG monitoring is
Level C Class III (no benefit), Level associated with better or worse
B (2) outcomes. Use of routine EEG
Class III (no benefit), Level monitoring cannot be recommended.
C (3)
Transcranial Doppler 15 Class IIlI (no benefit), Class IIB, Level B (4) The data concerning TCD is limited in
(TCD) Level B Class IIB, Level C (1) quality. There is no evidence that the
Class Il (no benefit), Level use of TCD is associated with improved
A (1) neurodevelopmental outcomes. TCD
Class III (no benefit), Level monitoring may be considered.
B (2)
Class III (no benefit), Level
c()
NIRS 35 Class III (no benefit), Class IIB, Level B (2) The data concerning NIRS and

Level B

Class 1IB, Level C (2)

Class III (no benefit), Level
B (2)

Class III (no benefit), Level
C (3)

neurodevelopmental outcomes are
limited in quality. There is no
consistent evidence that the use of
NIRS is associated with improved
neurodevelopmental outcomes. NIRS
may be considered as a monitoring
methodology.



Noromonitorizasyon

Tek yontemle monitorizasyonun sakincalari
* Derin hipotermi

* Dolasim arresti

* Rejyonal distuk akim KPB

Sadece rSO, ile monitdrizasyon (serebral kan akimi olmadan)
« Serebral hipo/hiper perfiizyon



Multimodal noromonitorizasyon
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Novel cerebral physiologic monitoring to guide low-flow
cerebral perfusion during neonatal aortic arch
reconstruction

Dean B. Andropoulos, MD?
Stephen A. Stayer, MD?

. b
B i i VRO J Thorac Cardiovasc Surg 2003;125:491-9

Arkus aorta rekonstriksiyonu yapilan 34 yenidogan
Rejyonal dusltk-akim perflizyon

TCD ve Serebral oksimetri ile monitorizasyon

17-22 °C soguma

RDAP sirasinda KPB akimi

« Serebral kan akim hizini (TCD ile) hipotermik tam
debideki bazal degerin +%10’u olacak sekilde ayarlanmis




Novel cerebral physiologic monitoring to guide low-flow
cerebral perfusion during neonatal aortic arch
reconstruction

Dean B. Andropoulos, MD?
Stephen A. Stayer, MD?

. b
(E:'hgﬁzg SA CFI::::?’ JI:A?MD FACS® J Thorac Cardiovasc Surg 2003;125:491-9

TKD ve NIRS birlikte kullanimi

v" OAB’nin KPB akim gereksinimini ayarlamada etkisi zayif

v' TKD; serebral kan akimini géstermede Uistiin
v NIRS eklenmesi; RDAP’da guivenligi artirici ve serebral

kan akiminin asiri olmasini dénleyici




SURGERY FOR CONGENITAL Erle H. Austin III, MD®
HEART DISEASE Harvey L. Edmonds, Jr., PhD®

Steven M. Auden, MD®
[e===srn—u"==———-==——

BENEFIT OF NEUROPHYSIOLOGIC MONITORING FOR PEDIATRIC CARDIAC SURGERY

(J Thorac Cardiovasc Surg 1997;114:707-17)
Kardiyak cerrahi geciren 250 cocuk, prospektif
EEG, TKD ve NIRS monitorizasyonu
Baslangicta gozlemsel bir calisma

Daha sonra protokol ile diizeltme

e TCD hizi < 20 cm/s ve/veya > %50 disme veya 2 kat artma
* S0, > %20 azalma (3 dk sureyle)

« EEG degisikligi (yeni)




SURGERY FOR CONGENITAL e
HEART DISEASE Harvey L. Edmonds, Jr., PhD®

Steven M. Auden, MD®
[e==—reaus"—————————|

BENEFIT OF NEUROPHYSIOLOGIC MONITORING FOR PEDIATRIC CARDIAC SURGERY

(J Thorac Cardiovasc Surg 1997;114:707-17)

Degisiklik goriilen Miudahale gereken
hasta sayisi hasta sayisi

% 70 %74




SURGERY FOR CONGENITAL T
HEART DISEASE Harvey L. Edmonds, Jr., PhD®

Steven M. Auden, MD®
[e==—reaus"—————————|

BENEFIT OF NEUROPHYSIOLOGIC MONITORING FOR PEDIATRIC CARDIAC SURGERY

J Thor;lc Cardiovasc Surg 1997;114:707-17)

Norofizyolojik monitérizasyonun noérolojik komplikasyonlara etkisi

Degisiklik yok Midahale Midahale
yapilanlar yapilmayanlar
Norolojik kompl. 5/74 (% 7) 7/130 (%6) 12/46 (%26)*
Nobet 3 5 5
Serebral infarkt 1 3
Korea 1 1 1
Gorme kaybi 1
Hipotoni 2
Konusma 1

bozuklugu




SURGERY FOR CONGENITAL e
HEART DISEASE Harvey L. Edmonds, Jr., PhD

Steven M. Auden, MD®
[e==—reaus"—————————|

BENEFIT OF NEUROPHYSIOLOGIC MONITORING FOR PEDIATRIC CARDIAC SURGERY

(J Thorac Cardiovasc Surg 1997;114:707-17)

Anormallik saptama orani

Serebral TKD EEG
oksimetri

% 58 %38 %5




NIRS algoritmi

[Cerebral Saturation )

/

Bilateral reduction of 20% ——p

e

Venfly head position | € One-sided reduction of 20%

Central, aortic and supenor
vena cava catheters inspection
To treat and to
44—y 2
find etology ypotension 4—{Mean arterial pressure? )\ / \
it MAP normal To reposition or 10 remove
catheter or cannula
o —
M S.02 normal
To correct
B —
hyperventilation | ¢ <3S mmH

H PaCO2 normal Hypotharmia/

antieplleptic
medication
To consider rad blood call

A
. 44— <78g Q— Yes To reduce ICHT

; u I
If Hb nomui or>10g Cerebral edema

echocardiography [Cardnac function and venous ]

Cerebral imaging
avaiuaion 0z saturation (S.0,) ? Increased (CTScanMRY)
A
Normad SvO, (> 65%) Increased
To optimize
cardiac function

(Gors o} vt — (st e

Figure 2,

Proposed algorithm in the use of brain oximetry (CT, computed tomography: ICHT, intracranial hypertension; MAP,
mean arterial pressure; MBI, magnetic resonance imaging)

André Denault. Semin Cardiothorac Vasc Anesth 2007: 11: 274-81.



Konjenital kalp cerrahisinde ndrolojik

monitdrizasyon tedavi algoritmi

Table 3. Neurological Monitoring Treatment Algorithm for Congenital Heart Surgery

Monitor

NIRS (r50,i%)

TCD (mean CBFV, em/s)

BIS

Change

=20% relative to preincision

baseline

DHCA: rSO.1 < 30%, or at
nadir > 30%

150, = 95%

rSO,i <30%

=25% from preincision
baseline

=25% from preincision
baseline
Emboli: more than isolated

HITS

=8()

No isoelectric EEG prior to
DHCA

<30 during rewarming
bypass

Intervention pre/post bypass

Cardiac output, hgb, Fio,, Paco,

Rapid institution bypass, aggressive
measures to O, delivery

\/ transducer; \/NIRS—if low,
cardiac output, Paco,, MAP

Paco,, anesthetic depth MAP

De-air all infusions, Trendelenberg,
stop rapid fluid boluses, search for
and treat air entrainment in
surgical field, assess TEE for air,
return to bypass for de-airing

Anesthetic depth

Intervention on bypass

Bypass flow, Paco,, MAP, temp,
hgb, +/CBFV adjust cannulae

None, or \/CBFV— bypass flow
or Paco, if >25% above
baseline

Aggressive treatment: bypass
flow, Paco,, MAP, temp, hgb,
VCBFV-adjust cannulae

v transducer; \/NIRS—if low:
bypass flow, Paco,, MAP,
adjust cannulae

Paco,, anesthetic depth, MAP

De-airing maneuvers,
Irendelenberg, assess TEE for
air, slow wean from bypass

Anesthetic depth

Additional cooling time; lower
temperature before DHCA

Reduce or discontinue volatile
agent on bypass pump

Intervention
on DHCA

Reperfuse if
possible

Reperfuse if
possible

Andropoulos DB. Anesth Analg 2004; 99: 1365-75.




SONUC

Pediatrik kalp cerrahisinde néromonitdrizasyon yapilmasi
gerekir

Multimodal noromonitérizasyon daha degerli bilgi verir

«  Ozellikle TKD ve NIRS’in birlikte kullanimi énerilmekte
Norolojik hasari 6nlemek icin algoritimler gelistirilmelidir

Mortalite ve morbiditeye etkisini gosteren prospektif
kontrolll yeni calismalar yapilmall






