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Kardiyopulmoner Baypas
Oksijenasyon
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* Ne kadar oksijen vermeliyiz?
* Optimal perfiizyon

* Oksijen sunumu

* Monitorizasyon
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The More, The Better?
3

Cok fazla” oksijen verilmesi,
“yetersiz” oksijen igin en iyi ¢6zim degildir.

Martin DS; Oxygen therapy and anaesthesia: too much of a good thing?
Anaesthesia  2015; 70; 522-7

"

KPB’ta Pa0,

Hipoksiyi 6nlemek igin énlem olarak ek oksijen verilmesi
Suprafizyolojik seviyelere yikselme (Hiperoksi)

KPB sirasinda 200 ila 300 mmHg arasinda PaO, seviyeleri
Kalp cerrahisi i¢in su anda oksijenasyon hakkinda bir kilavuz
yoktur.

)

Smit Et Al. Moderate Hyperoxic Versus Near - physiological Oxygen Targets During And After Coronary Artery
Bypass Surgery: A Randomised Controlled Trial
Critical Care (2016) 20:55
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GLOBAL GUIDELINES
5@} World Health FOR THE PREVENTION OF
= Pa0,:234-617 mmHg Organization SURGICAL SITE INFECTION
= Sepsisli hastalarda hiperoksi, hemodinamiyi olumsuz etkilemiyor
4.12 Perioperative oxygenation

Pa02 artigi (saghkh bireylerde) Pa02 artisi (NYHAC Class 3-4)

A * Kardiyak output (CO) anlamli azalma Recommendation e
* Kardiyak indekste azalma (CI) The panel recommends that adult patients undergoing general anaesthesia with endotracheal
intubation for surgical procedures should receive an 80% fraction of inspired oxygen (FiO,)
intraoperatively and, if feasible, in the immediate postoperative period for 2-6 hours to reduce
the risk of SS.

(Strong recommendation, moderate quality of evidence)

Stroke voliimde (SV) anlamli azalma
* Kalp hizinda azalma

+  Sistemik vaskiiler direngte artis (SVR)
* Ortalama arter basincinda artig (OAB)

* Pulmoner kapiller ug basincinda artis (PKUB)
SVR de anlamli artis

* LVEDPartis Rationale for the recommendation
« Koroner vaskiiler kan akiminda azalma, saglikl * A moderate quality of evidence shows that providing high FiOz (80%) is beneficial in patients
" . M undergoing procedures under general anaesthesia with endotracheal intubation and results in a
bireylerde %17,1 iken koroner hastalikta %7,9-%28,9 sigificant dcrease of the sk of 51 compared to 30-35% FOY s aesut the CDG uranmously
* Koroner vaskiller direng artis( %21,5-%40,9) e B o sty s e e st o o 2 s,
7 o~ e R e T
. ‘Fs.gj;‘gf/“ o R/l L essrement because it was used n the studes revived,which ed o
) ) ) ) ) i0:80% . oy poit recognized by il imvestigations i that Oz saturaton
Young Robert W; Hyperoxia: A Review of the Risks and Benefits in Adult Cardiac Surgery, JECT. 2012;44:241-249 FiO: 30-35% (14 galisma 30%; bir alisma 35%)  naemogtcbin. varous stuce have demonstatedthat as a consequence
Smit Et Al; ic Effects Of Acute i c Review And M lysis Critical Care (2018) 22:45 o pase QMo of Gygen from blood exposed o FiO2 = 80%, tisse concentrations fa exceed
those atrbutabl to haemoglobin release
GLOBAL GUIDELINES - R Ty y—
FOR THE PREVENTION OF Morbidite Ve Mortalite  KPB iliskili Doku Oksijenizasyon Bozulmasi
SURGICAL SITE INFECTION H A H i : P
* Cerrahi teknik * Mikrodolasimdaki heterojenite
Guidelines Recommendations on oxygenation preparation
(date issued) s * Anestezi ydnetimi * Kardiyak disfonksiyon
SHEA/IDSA ‘Optimize tissue oxygenation by administering supplemental oxygen during and ”) .. . .
(2014) (17) immediately following surgical procedures involving mechanical ventilation. v * Malperfiizyon * Hipotermi
NICE Sufficient oxygen to maintain a haemoglobin saturation of more than 95%. - . . .
(2008)(15) I * Hipoksi * Hemodulisyon
The Royal College | Haemoglobin saturation is maintained above 95% (or greater if there is underlying ( World Health « S siftleri
of Physicians respiratory insufficiency). 0 Organization
of Ireland . . .
.
(2012)(18) © World Health Organization 2016 Allojenik kan tranSfuzyonu
Health Protection | Haemoglobin saturation is maintained above 95% (or greater if there is underlying
Scotland bundle respiratory insufficiency). » " 7
@o13)(13) Gaz Mikroembolileri
UK High impact (Haemugmbmsatuvzhon is maintained above 95% ) Postoperatif akut bobrek hasari e ———————— pors
intervention bundle | (or greater if there is underlying respiratory insufficiency) both during the intra- and R a e FR(AE istemik hiperoksi, dolagimdaki mikroemboli sayisini
(2011)(16) postoperative stages (recovery room). ve kognitif disfonksiyon ile iligkili raltma A Thpe i
oldugu gosterilmistir.
SHEA:Socity for HeslthcareEpdemiology of Americ: IDSA: Ifectous Disases Sociey of Amercs; NICE: Natiorsl
Instute forpeslch and Care Bxcellence;Engand.
Heinrichs J; Pro: Hyperoxia Should Be Used During Cardiac Surgery
doi: 10.1053/j.jvca.2018.02.015
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Organ hasari

Kardiyopulmoner baypas cerrahisi

* Oksidatif stres artigi Oksijen
5 . Materyal bagimii aktivasyonm
* Sistemik inflamatuvar cevap sendromu Non ol KB yizey
¢ - v salinim SIRS
. - - - - Cerahitravma ipiives AOPH oksiden
Kros- klemp sonrasi ve koroner perfiizyon yeniden basladiginda, miyokard reaktif e salimm n ~Trombosit -Adezyon molekillleri
oksijen riinleri ile iliskili hasara kars hassastir. iskemireperfiizyon ~Kompleman aktivasyonu -Endotelin
-Koagiilasyon kaskadi -Platelet aktivasyon faktorleri
Kalp cerrahisi sirasinda .hl.per.ol.mden kaginma, iskemi-reperftizyon AP Mot Peroxynitrite NF-Kb MAPK
hasarini azaltir ve daha iyi klinik sonuca yol agar. Oksijen = yitokondrial solumum =P > Oksidatif stres

Ksantin oksidaz

mi-reperfiizyon hasari
Hidrojen peroksid

. McGuinnessS P, A multicenter, randomized, controlled phase Iib trial of avoidance of hyperoxemia during cardiopulmonary bypass.

Anesthesiology 2016;125:465-75. NADPH oksidaz:Nicotinamid adenin dinucleotid fosfat oksidaz

eNOS ayrilmasi
2. Smit B, Moderate hype i ft Y Y A randomised
controlled trial.CritCare 2016;20:1240-6. Spoelstra-de Man. Review Article : Cardiovascular effects of hyperoxia during and after cardiac surgery, Anaesthesia 2015, 70, 1307-1319
« In vitro galismalar,% 60'a varan oksijen seviyeleri (60 kPa) ve reaktif * Kaplller"damar 131: ve df)k}l ar: gsmdalq oksijen gradiyent
oksijen iiriinleri arasinda lineer bir korelasyon oldugunu artigi, hiicresel hipoksi riskini azaltir

gostermektedir. Dusuk ve yiiksek akimli kapiller damarlar arasindaki
artan mikro dolasim heterojenligi nedeniyle baypas
sirasinda dokulara oksijen verilmesi tehdit altindadur.

Spoelstra-de Man et al. Cardiovascular effects of hyperoxia during and after cardiac surgery, Review Article :

-de Man et al. Cardil effects of
Anaesthesia 2015, 70, 1307-1319

Article : Anaesthesia 2015, 70, 1307-1319

yp ia during and after cardiac surgery, Review




21.05.2018

KPB sirasinda Oksijen Sunumu - ves? .
+ Norokognitif fonksiyon? Oksijen sunumu

Basinglar yaklasik 60 mmHg olarak korunmali

Hastaya 6zgu perflizyon basinci stratejileri gelistirilmeli
Perfiizyon basincinin bir kalite géstergesi olmali D02 = KPB akimi x [10 x(Hb)(1.36)(Sa02) + (0.0031)(Pa02)] / BSA
KPB sonrasi bobrek yetmezligi insidansini azaltmak igin minimum
akim 272 mL/dk/m?

>
>
>
>

Poullis M et al. Pressure and oxygen debt on bypass - potential quality markers of perfusion?
Perfusion 2012 27: 244

Amaca yonelik
Perfiizyon
Viicut Yiizey Alani Goal directed terapi (GDP) terimleri DO, ve VCO, kullanimi
Optimal Pompa Akimi Sv0, >60-70% Oksijen sunum indeksi (DO,)
PvO,> 40mmHg Oksijen tiiketim indeksi (VO,i)
pH =7,35-7,45 €O, iiretim indeksi (VCO,i)
pCO,=32-42mmHg DO,i / VCO,i g wte Xiretn
* Ayni BSA degeri olan ve degisik fizik karakteristigi Kardiyak indeks=2,2-2,6L/dk/m? VOyi / DO o ——"
olan hastalar ayni pompa akimini almali mi? Laktat < 2 mmol/I VCO,i / VO, gy @
oo * Degisik oksijen ihtiyaci olabilir mi? rremmrearei I 4
— ¢ Hct? - . Moot e s e A0,
o Vgl dliaeamE e * DO,i / VCO,i - Bulundugu metabolik hizda oksijen sunumu yeterli mi? m—---nh- %
* VO,i / DO,i - Sunulan oksijenin ne kadari kullanildi? Sepim gutee D0 L
) : i ) St e vy ) o0
* VCO,i / VO,i > Solunum kismi (respiratory quotient) :&::: a
Justison G ; Is Timing Everything?
+*omen reqire brathing J Extra Corpor Technol. 2017;49:P13-P18
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Amaca yonelik
Tum dokulara yeterli oksijen saglanmali ve anaerobik sinirdan kaginilmali Pe'f[l'lyon

DO, ve VCO, kullanimi

VCO, anaerobik metabolizma igin iyi bir prediktor, ve KPB ile iliskili
morbidite azalmasinda yardimcidir.

Anaerobik metabolizma i¢in O,-derived parametrelerden daha sensitif
DO, kritik deger 270 mL/dk/m2 1

VCO, :60 mL/dk/m? sinirini asmamali

DO,/VCO, orant: 5.0 iizerinde olmal

A 4

Ranucci M; Review: Carbon dioxide p ion during cardi ¥ bypass:
measure and clinical relevance, Perfusion1-9, DOI: 10.1177/0267659116659919

Oksijen sunumu

Normoksi ve 12 g/dL hemoglobin ile, DO, yaklasik 350-450 mL/dk/m? dir.

* KPB sirasinda; pompa akimi 2,2 ila 2,4 L/ dk/m? ve Hb degeri 7- 8 g/dL ile
DO, 200-300mL/dk/m?'ye duger.

» KPB'de g6zlenen DO,'deki azalma, esas olarak, baypas baslangicindaki
hemodiliisyon sonrasi arteriyel oksijen igeriginin azalmasmdan
kaynaklanmaktadir.

Glenn S; Optimal Perfusion During Cardiopulmonary Bypass: An Evidence-Based Approach. Review Article
Vol. 108, No. 5, May 2009, DOI: 10.1213/ane.0b013e3181875e2e

Optimal Perfiizyon

Akimdan Bagimsiz Oksijen Tiiketimi
DO, azalirken, VO, baslangicta doku oksijen ekstraksiyonunda artisla stabil kalir

pompa akim degerlerini hedefl in organ da daha 6nemli

oldugu sonucuna varmislardir.

*Yazarlar, kritik esigin tizerindeki DO, seviye hedefinde, spesifik hematokrit veya
y

Vo,
+Akut bébrek yetmezligi ve pik postoperatif serum kreatinin
seviyeleri icin en ivi belirleyici; 272 mL/dk/m?lik kritik degeri
kargilayan baypastaki en diisiik DO, dir.

Glenn S; Optimal Perfusion During C y Bypass: An Evidence-Based Approach. Review
Article Vol. 108, No. 5, May 2009, DOI: 10.1213/ane.0b013e3181875e2e

Optimal Perfiizyon

AKima bagh oksijen tiiketimi

*Maksimum oksijen ekstraksiyonuna
ulasildig1 noktada, tim viicut VO, ve doku
oksijenasyonu azalmaya bagslar

* Metabolik (laktik) asidoz gelismeye baslar

&

Oksijen sunumu (DO,) ve tiketim (VO,) arasindaki iliski.

Glenn S; Optimal Perfusion During Cardi y Bypass: An Evidence-Based Approach. Review Article
DOI: 10.1213/ane.0b013e3181875e2e
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Degisken baypas akim
hizlarinda bslgesel oksijen

4 dag
5 gilimi
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CPB Flow Rate =
(L/min/m?)

98 15 a7 13 21 33
* Beyin ve bobreklere oksijen sunumu, 1,4 L/dk/m2'den daha 0’(11‘/“?" Rate

yitksek akimlarda nispeten daha iyi
+ Kas ve visseral organlara oksijen sunumu, daha yiiksek akim Organ kan akimt
hizlarinda anlaml sekilde azalma (1,7-2,0 L/dk/im2). KPB : 2.3, 2.0, 1.7 ve 1.4 L/dk/m:)

Boston US. Hierarchy of regional oxygen delivery bypass. Ann Thorac Surg 2001; 71: 260-4.

Perfusion During Cardi ypass: An A h. icle DOI: 101213,

SvO,

Ranucci M; Review: Carbon dioxide y bypass: i measure

cardi
and clinical relevance, Perfusion1-9, DOI: 10.1177/0267659116659919

Laktat

KPB siiresi

Anoksik hasar baslangici ---—> Kanda laktat artisim gordiigiimiiz zaman?

Anaerobik metabolizma (aran pco, iretimi
DO:i/VCO:i oram yaklasik 5’e diistiigiinde laktat iiretiminde artig

¥ bypass: i measure and

Ranucci M; Review: Carbon dioxide ion during
clinical relevance, Perfusion1-9, DOI: 10.1177/0267659116659919

> Kapiller venoz ug dis
perimetresinde doku
PO;nin nastl en disik
seviyede oldugunu
agikliyor.

Krogh silindiri: Oxygen Pressure Field Theory (OPFT)

Copitary radius:
Colary esedion A= 1= 75.5 1%

e s Ratio:  GEmsEio = 1/4

02 - 20

1

August Krogh

D.M. BROWN ; Normoxia vs. Oxygen Tensi Receiving C ardiac Surgical
Repair. JECT. 2006;38:241-248




21.05.2018

Capttars 22

ettty Zaiy? Krogh Cylinder: Anoxic Lethal Corner
i TEn e ‘usm Ratio: FIRLIEN= 1/16 f",;;}

S~ e aose mmyénf_gu

:
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Kalinlasmis Krogh silindiri

* “lethal corners”

 Hipoksi ve hiperkapni ile
asidoz gelisir ve metabolik
atiklar kapiller damar iginde
birikebilir

* Doku 6limii

> Dokular igin hiperoksik
ortam yaratilmali ve doku
o6deminin en aza indirilmesi
hedeflenmelidir.

Normal Karbondioksit Basing Alam

o
Eri
K = 12.9 adult, 18 infant
Infant CI = 18 + 5 = 3.6 L/min

p(v-2)C02

J Adurcr= 129 3= 2.6 L

s o o Gty 310 of AT G excosses o Cort e T8N 14528 e

Adult Cardiac Index = 12.9 + p(v-a)C02
1 Cl=129-10

Adult Cardiac Index = 12.9 + p(v-a)CO2

(] CI = 12.9 + 20 10,65 L/min

Copilory radius: ¢ =

5
Capiliary Xesaebion : A - x 72 = 70.5 12

Cytinder rodius
hindar X soci

€02 it

Krogh Cylinder: Hypercapnic Lethal Corner

Highest tizsoe pCO2:
40 mmitg baseline 1 4 X gradiem = 120¥imtls

Coincident Lethal Corners

s

Thumeron

& nyeercarsic | > Anoksik lethal corner olusumu,
LETHAL CORNER rutin KPB m taninmayan fakat
yaygin bir komplikasyonudur.
Normal aralikta vital perfiizyon
parametrelerinin strdirilmesine
ragmen, baz acig1 genellikle
pompada veya pompa sonrast
periyodunda gelisir.

ANOXIC & HYPERCAPNIC
LETHAL CORNER
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Axial Vectors & Oxygenation of the Lethal Corner:
Hyperoxia & Slow Intracapillary Blood Flow Velocity

o vl

1 by

tisue p02
line

Smaller
Anoxic
Lethal
Corner

02 aial vectors flooding tissues
ith J oxveen

Derin Hipotermi
Oksijen Yiiklemesi

* Arrest déSnemde; oksijenin artan
¢oziintirligu ve 18 °C'de azalmis

02 Radial
vectors

oksijen gereksinimi nedeniyle
oksijen kullanilacagi dokularda
depolanabilir.

Doku silindirleri, sogutma sirasinda,
radiyal ve eksenel vektorleri
arttirmak icin yiiksek FiO,
kullanarak oksijenle doldulur,
béylece kapiller yatak igindeki tim
dokular, derin hipotermik
sirkulatuvar arrest hemen Gncesi

doyurulur.
* Soguma zamani
BEYiN HASARI

* KPB sirasinda akut renal
yetersizlik gelisiminde dusik
Hct, disiik oksijen sunumu ve
pompa akim risk faktérlerine

Renal Replacement- Acute Renal Failure Occurrence (%)

bakilmis.
* 1048 hasta ACBG

HignHr Lowhcr
4002 Wi 002

Hignr Lowhcr
Lowooz towboz

RANUCCI ET AL:Oxygen Delivery During Cardiopulmonary Bypass and Acute Renal Failure After Coronary

Operations. Ann Thorac Surg 2005;80:2213-20

Into Cardiopulmonary Bypass, Renal
"I‘IIIII Oxygenation, & Acute Kidney Injury

ir
Normal Physiology

- ATocont study’ oval-
wated renal perfusion during
cardiae surgory.

Prysloge low bood flowto
the rons medulle maitains
onmot gradants. bt rosls
@ boveine hois?

GFR 68:1

WAR Y GrRe7ae

c y Bypass, Renal O & Acute Kidney Injury
Anesthes. 2017;126(2):A21. doi:10.1097/ALN.0000000000001503

KPB sirasinda; sistemik kan akimi artarken
renal kan akimi degismez.

Renal fonksiyon korunmasina ragmen
hemodulisyon ve vazokonstriksiyon renal
oksijen sunumunu azaltir.

KPB sonrasi; renal oksijen sunumu diisiik
kalirken oksijen extraksiyonu artar.

» Renal oksijenasyon bozulmasina, tubuler hasar
belirtegi olan triner NAG artigi eslik eder.

NAG :N-asetil-g-D-glukozaminidaz




21.05.2018

Renal Ven Kateteri
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Pre CPB cpB 30" CPBEO" Post CPB

Lannemyr L; Effects of Cardiopulmonary Bypass on Renal Perfusion, Filtration, and Oxygenation in Patients Undergoing
Cardiac Surgery. Anesthesiology 2017; 126:205-13

AKUT BOBREK HASARI
KPB siiresi!

* En 6nemli bulgu, KPB sirasinda sistemik perfuzyon akis hizindaki% 33'liik bir
artiga ragmen, renal oksijen arz / talebi uyumsuzlugunun gelismesidir.

* Renal vazokonstriksiyon , KPB sirasinda hemodiliisyonla birlikte RDO2 deki %
20 oraninda azalma ile iliskilendirilmistir.

* Gelisen tiibiiler hasarin KPB'den ayrilma sonras: daha da siddetlendigi
gosterilmistir.

Lannemyr L ;Effects of Cardiopulmonary Bypass on Renal Perfusion, Filtration, and Oxygenation in Patients
ing Cardiac Surgery. 2017; 126:205-13

Oksidatif hasar belirteci

F2-izoprostanlar

* Prospektif calisma, 310 kalp cerrahisi olan hasta

« Serebral oksimetre (NEAR-INFRARED SPEKTROMETRI) ile devamli bolgesel beyin dokusunun
oksijenizasyonu &lgiildi, FIO2 of 0.8

+ Confusion assessment method -yogun bakim (CAM-ICU)
* Richmond agitasyon-sedasyon skalasi (RASS).

* F2-i lar ve i 1n serbest plazma 1 oksidatif hasarin belirtegleridir
* F2- izoprostanlar ve izofuranlarin serebral biyolojik etkileri vardir.

* Deliryum ile iliskisine bakilmis.

. ip ik serebral reperfi ; artmis if deliryum ile iliskili oldugu ve
hiperoksik serebral reperfiizyondan sonra artan oksidatif hasarin, bu iliskiyi kismen etkileyebildigi
bildirilmistir.

Lopez et al. Intraoperative cerebral oxygenation, oxidative injury,and delirium following cardiac surgery
Free Radic Biol Med. 2017 February ; 103: 192-198

Monitorizasyon

* Non-invaziv serebral oksimetre

+ Gastrik tonometre: barsak perfiizyonunu 6lgme
* Mesane perflizyonu

* Konjuktival monitorizasyon

(pH, PCO,,PO,, I1s1)

1.K. WEISS ET AL;Monitoring the Conjunctiva for Carbon Dioxide and Oxygen Tensions and pH During CPB
JECT. 2011;43:13-18
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Sorin GDP™ Monitér
Goal Directed Perfusion (GDP)

Konvansiyonel KPB terimleri Goal directed terapi (GDP) terimleri

5V0,>60-70% Oksijen sunum indeksi (D0;1)
PV0,> 40mmHg Oksijen tiketim indeksi (VO,)

PH=7,357,45 €0, iretim indeksi (VCO,)
M oco.-32-22mmHg DO,/ VCO,i
Kardiyak indeks=2,2-2,6L/dk/m? V0,i/00yi

Laktat <2 mmol/l v,/ V04

Devamli in-line kan gazi monitorizasyonu

Terumo CDI 500 (Terumo Europe, Leuven, Belgium)

Multiparametrik sensor Neurovent® PTO

Mandaka Jiri, Peripheral tissue oxygenation during standard CPB and miniaturized CPB (direct oxymetric tissue perfusion
monitoring study) Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2013 Mar; 157(1):81-89

Ozet

Amaca yonelik perflizyon

Optimal oksijen sunumu

10



IN FUTURE

Tesekkurler
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