ACIK KALP CERRAHISI
SONRASI HIPERLAKTATEMI

Dr. Nurgul Yurtseven

Dr. Siyami Ersek Gogus Kalp Damar
Cerrahisi Egitim ve Arastirma Hastanesi
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Anaerobik metabolizma
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Glikojenoliz

Glikojen

Fosforilaz

fosforilazi aktive
ederek glikojen
yvikimina ve glukoz
olusumuna sebep
olur

Kan glukozu Glukoz

Uridin difosfat glikoz

Glikoz-1-fosfat

Glikoz-6-fosfat



e Laktat 15-20 mmol/kg/gun
e Metabolizma karaciger, bobrek
e Normal serum degeri 2 mmol/L ‘
e Laktik asidoz
Laktat> 5 mmol/L
Ph<7.35



Tip A Hiperlaktatemi

Doku hipoksisi ve
hipoperfiizyonu
nedeniyle oksidatif
fosforilasyonun azalmasi
(Sok, kalp yetmezligi,
hipovolemi)

Tip B Hiperlaktatemi

Ilac veya toksin aracili
selluler yetersizlik
(metformin, nitroprussid,
siyanid)

PDH inaktivasyonu



Hiperlaktatemi

Laktat

v klirensi
/
Uretim A

artisi




» Kardiyak cerrahi sonrasi goruime orani %10-20
Erken hiperlaktatemi %21
Geg hiperlaktatemi %17

Jean-Michel Maillet Chest 2003, 123:1361-1366



Jean-Louis Vincent 2.
l)(ull:]icl (1’;'(' B;llclk(c(r Oxy gen transp?rt
the oxygen delivery controversy

Intensive Care Med (2004) 30:1990-1996
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A)Azalmis 02 sunumu

- Tasikardi

- Hipotansiyon

- Onyiikiin artmasi

- Hipokapni

- Koroner arter spazmi ve
koroner darhk

- Hipoksemi

- Anemi

- Hemoglobinden 02
saliniminin azaldigi durumlar

B)Artmis 02 tuketimi

B

a) Onyiik artisi,
b) Ardyuk artisi,

c) Miyokardial
kontraktilitenin artmasi



Preoperatif Faz

Anestezi ve cerrahi gibi travma olusturacak

uygulamalardan once, maksimal O, dagilimini
ve tuketimini duzenlemek.

(Anti-anginal tedavi, heparinizasyon,
mobilizasyon kisitlamasi vs.)
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Outcome With High Blood Lactate Levels During

Cardiopulmonary Bypass in Adult Cardiac
Operation

Philippe Demers, MD, Stéphane Elkouri, MD, Raymond Martineau, MD,
André Couturier, MSc, and Ravmond Cartier, MD

Lactates

< 4.0 mmol/l = 4.0 mmol/L
VYamable {in - 1.032) (n — 227

—

Age (vears) 608 = 11.1 6£63.7 =110
Sex
Men 45 .8
Women 2. 8% 54 2%
CHF 48 9%
Hypertension 45.4°
Atherosclerosis
Diabetes
Preop hemoglobin
l"-,_v_o'l_'o
Redo
Complex surgery
Emergency
LVEF =30%.

CHF Ll.-n.‘;l‘.zli\'.‘ heart fasloare; iefl ventncular ejectaonm
fracitomn Preop preopoerative.

Ann Thorac Surg 2000;70:2082-2086




Variable

Complical s

No (n = 45))

, mean (SD)

Body mass index -k.!'.'m: ), mean (SD)

Comorbad condhinons

Dashetes
Dyslypidemaia
Renal disease
COPD
Unstshle angma
Previous myocardial inlsrction
Hesnt falure, NYHA classalicatxom
|
1
i
v
LVEF (%)
<40
10-59
= &)
Reoperation
EwoSCORE madan (1QR)

Preoperative laboratory values mean (SD)

Hemoglobm (gfdl)
Herust o
Prothromban tiime (s
Platelet coumi { X1053/zl)
Creaunme kvel (mgill)
Leukocyte count /el
Preoperative drug ex
Aspnn

Hepann

1+ 12
288 (64%)

5

SD, Sandard devanon; COPD, chromc

System for Caxdiac Openative Risk Evalusson; /OR, meeapuanle range

ODAZOCOVE DUIMO NIy dreease




e Yas

o Kadin cinsiyet

o KKY

e Preop Hb Dislikligii

e EuroSCORE >6

e Cerrahi girisimin tipi

Postoperatif Laktat yiiksekligi ile iliskili



Aortik kros klemp konduktan sonra

1.Aerobik metabolizma durur.

2.Anaerobik metabolizma baslar

3.ATP ve kreatin fosfat (CP) depolan tukenir.
4.Anoksik metabolizma urunlerinde artis gorulur.

Bu donemde kalp enerjisini iki sekilde elde eder

1.Glukoz ve glikojenin anaerobik metabolizmasindan
(% 80)

2.Nonkoroner kollateral dolasimla aerobik metabolizma
(% 20)



AZALMIS KORONER KAN AKIMI

MEVCUT OKSI.

AZALMIS A

JENIN AZALMASI

T P SENTEZI

Ca DENGESININ BOZULMASI

Mitokonm

. Sitozolik ba da artma

yuklenmesi (OF] A'IlP azlarin
aktivasyonu

BOZleus mit.

fonksiyonu ATP Ilullanlmlmda artis

N

ATP tiretiminde bozulma

|
AZALMIS ATP

Ca lipazlarin

aktivasyonu




Hemodilusyon

e KPB baslangicinda Priming Volum ile
Kolloid Osmotik Basincin dusmesi
Intravaskiiler alandan ekstravaskiiler
alana sivi gecisine neden olur.

e Iyatrojenik miyokardial 6dem gelisir.



LIV |

Miyokardial sivi icerigi % 3,5 artarsa
KD % 40 azalir

e Isovolemik
Gevseme
Azalir

Miyokard e Myokard Kardiyak
Odemi Sertligi Artar Ener)i

e Ventrikiil Ihtiyaci Artar
Kompliansi

azalir

Perfusion 2004;19:85-91



Miyokard korumasi

e Elektromekaniksel aktivitenin
durdurulmasi:

e Metabolizma hizinin azaltilmasi:



Mvyocardial protection: standard versus insulin cardioplegia and
glucose-insulin-potassium solutions

Nivokardiyal korurma: Standarda karse fnsdlin kardiyopiefi ve
glikoz-instulin-pofasy L sofltsyonu

Muzeyyen Iyvigan Kurt,” Nurgal Yurtseven,! Abdullah Kemal Tuygun,® Dilek Savaskan,' Sevim Canik?
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Group 1

(Group 2

Group 3

Cross-clamp time (minutes)
Pomp time (nunutes)
Entubation time (hours)
Postoperative stay (hour)
Hospital stay (day)
Inotropic support

Yes
No
Defibrillation
Yes
No
Postoperative arrythmias
Yes
No

58.5+28 4
08.5+40.2

61.2+26.2

0234343
05434

2744111
12411

58.5+26.6
80.2+28 5
124+43
3134144
102463

* The comparison of group 2 and 3 demonstrates p<0.03.




CHANGES IN WHOLE BLOOD LACTATE LEVELS DURING CARDIOPULMONARY BYPASS FOR
SURGERY FOR CONGENITAL CARDIAC DISEASE: AN EARLY INDICATOR OF MORBIDITY AND

MORTALITY

e Anestezi ve Cerrahi Teknik

Hemodiliisyonun derecesi

e Hipotermi derecesi

e KPB’a bagh Inflamatuar yanit

e KPB ve KK zamani

e Sirkulatuar arrest siiresi

e Miyokardiyal korumanin derecesi
e Revaskiilarizasyon durumu

e Ameliyathanedeki beklenmedik olaylar
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Lactic Acidosis after Cardiac Surgery Is Associated with

Adverse Outcome

Fevzi Toraman, MD,' Serdar Evrenkaya, MDD, Murat Yuce, MD,* Nazan Aksoy, MD,*
[ lasan Karabulut, MD,? Yildirim Bozkulak,! Cem Alhan, MD?

High Lactate

S AN
rhe )
- hl

-

2

Preoperative hematocrit, ©
Hematocrit during CPB
Preoperative lactate level, mmol /L
Lactate level during CP8, mmol /L

& L

Z

SBE during CPB, mmol/L

Cross-clamp time, min

CPB time, min

No. of distal anastomoses

Fuld balance at the end of operation, E 512

L)

S UL Win

L)
-
— —

=3
o 2
(e I *

*(CPB Indicates cardiopulmonary bypass, SBE, standard base excess.

Toraman F. The Heart Surgery Forum 2004 7(2);155-159




Postoperative hematocrit, %
Postoperative lactate level, mmol /L
Postoperative SBE, mmol/L

Total chest tube output, mL
Patlents received red blood cells, %
Intrazortic balloon pumgp, °

Time to extubation, min

Length of Intensive care unit stay, h

Length of Intensive care unit stay >24 h, %
Length of hospltal stay, d
Mortality, %




What is a normal lactate level during cardiopulmonary bypass?

STAFFAN SVENMAREKER', SOREN HAGGMARK' & MARGARETA OSTMAN'

Table IT. Univariate risk stratification of hyperlactatemia during cardiopulmonary bypass: continuous variables.

Risk Strata Lactate <2 mmol/L Lactate >2 mmol/L p-value

—
o
=

0.00
0.05
0.00
0.00
0.00
0.00
0.00

Age (years) 66.6+10.0
Body Mass Index 20.8+3.9
CPB Duration (min) 83.0+39.3
Cross Clamp of Aorta (min) 48.8+29.1
Temperature CPB ( C) 33.6+1.9
Blood Transfusion CPB (ml) 00.3+202.7
Volume Load CPB (ml/min) 9.6+8.7
Urine Output CPB (ml/min) 60.5+38 0.00
Haemoglobin at CPB start (g/]) 82.6+12.6 , 0,02
Phenylephrine dose CPB (mg) 0.57+1.36 11+0. 0.04
Higgins Score 24123 4343, 0.00
pH at CPB start 7.37+0.04 7.34+0.06 0.00

o o

4.3

1.1
0.2
0
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KPB esnasinda pompa akiminin sinirlanmasina yol
acan venoz doniis problemi hiperlaktatemiye neden
olur.

Venoz doniis problemi olan hastalarin % 17’sinde,

olmayanlarin ise %7,9'unda hiperlaktatemi gelisir.

Scandinavian Cardiovascular Journal. 2006; 40: 305-3




Hyperlactatemia during cardiopulmonary bypass: determinants

and impact on postoperative outcome
Marco Ranucci, Barbara De Toffol, Giuseppe Isgrd, Federica Romitti, Daniela Conti and
Maira Vicentini

Univariate and multivariable analyses for pre- and intraoperative factors associated with peak blood lactate value

Univarsate analy=:s (comeiation matrix)

Caorrelation cosfficient p value

0009 ).032
Ejection fraction -0.18 ) 001
Congestive heart failure 191 ).001
Preoperative serum creatinne value (mg/dl L ).001
Active endocarditis
Isolated coronary operation
CPB duration {(minutes)
Lowest temperaturs (°C) on CP3
Lowest hematocrit on CPB
Lowest pumnp fliow (I/minute per m?) on CPB
Lowest Do, (mi/iminute per m?) on CPB

Pezk blood glucose (mgidh on CPB

Mugtivanable anadys:s (linear regrassion)

B coefficient

Preoperative sarum creatinme value (mgrdd
Active endocarditis

CPB duration {minutes)

Lowest Do, (mli/iminute per m2) on CPB

Pezk blood glucose (mgidl on CPB 008 . 001

Cntical Care 2006, 10:R167




Hyperlactatemia during cardiopulmonary bypass: determinants

and impact on postoperative outcome
Marco Ranucci, Barbara De Toffol, Giuseppe Isgrd, Federica Romitti, Daniela Conti and
Maira Vicentini

FPask Anterial Elood Lactate (o L)

Peak Arterial Blocd Lactate (mMolL)

Cardiopdlinmons Ipass 2 {rmin - e Fol
Cardiopdimonary Bypass Duration (min) Pesk Slhod Glucose (morol?

e KPB suresi 96 dk

e Pik Glukoz 160
mg/dI

e DO2 260 mi/dk/m2

Paak Arterial Blood Lactate (mcil)

w 0 N b 1]

Lowest Oxygen Delivesy (mUrmindng)




Peroperatif Hiperlaktatemi

e Perfuzyon basinci ve flow ayarlanmali

e Hipotermi derecesi,

e Priming solusyon ayarlanarak asiri
hemodilusyon ve plazma onkotik basing
degisimlerinden kaciniimali

e Inotrop ve vazodilatatérlerin uygun

kullanimi

e SIRS'I modifiye edecek ajanlarin kullanimi

S Shinde, Indian J Crit Care Med 2005 9(3):145-150



Table 2—Intraoperative and Postoperative Characteristics and Outcome According to Hyperlactatemia*

NHI
Characteristics n = 202)

Intraoperative
CPB duration, min 56 * 26
Aortic (‘ll)\‘\'-f‘l.llll[‘ duration, min 63 + 22
CPB mean flow, L/min 46 =05
MAP per CPB < 50 mm Hg 26 (12.9)
\'.m)lm'\\m 72 (35.6)
Postoperative
MAP < 70 mm Hg 23(11.7)
No vasopressor 56.6)
Epinephrine 54
Norepinephrine 2(1.0
Dobutamine 74
Doparnine 4.0
H_\]wrgl\rv-m a 52(26.3)
No fluid resuscitation 20.3)
ALT level at hospital admission, IU/L + 304
ALT level at day 1, TU/L +69.2
Cutcome
MV, h 64 2
1CU length of stay, d 19+ 18

0.0

Postoperative hospital stay, d 6.8
Major complication 38 (19.2)

THIL,

(n = 67)

27 = 5314
81 + 3511
16 =06
16 (23.9)1

-)! l-"(vlllx

24 (38. 1)1
23 (34.3)1

37 (55.2)%
S(11.9)%
16 (23.9)1
2(3.0)

M (5391
10(15.9)

230 £ 358
99 + 2838

37.3 = 61.01
3.5 411
79+ 631

27 (50.9}1

*Data are ]m'wnh-ll as mean * SD or No. (%), See Table 1 for expansion of abbreviation
tp <0.05 vs NLH group

ip < 0.05 between THL and LHL groups.

Jean-Michel Maillet CHEST 2003;123:1361-1366

LHL p

(n = 56) Value

93 = 334 < 0.0001
67 £ 25} 0.0007
46 £ 06 NS
14 (25.0)¢ 0.02
32 (57.1)1H < 0.0001

13 (24.1)t < 0.0001
32 (57.1)1 < 0,0001
18 (32.1)} < 0.0001
2(3.6)1 0.0003
9 (16.1)f 00012
1 (7.1 NS
35 (64.8)1 NS
7(129 NS
39.4 * 23.1 NS
NS

< 0.0001
< 0.0001

0.043
< 0.0001




Erken HL

¢ Nonelektif
Cerrahi

e KPB suresi

e Intraoperatif
vazopressor
kullanma

e Mortalite %14,9

Gecg HL

e Postop epinefrin
kullanimi

e Postop
hiperglisemi

e Mortalite %3,6



High lactate levels are predictors of major complications after
cardiac surgery

Ludhmila A. Hajjar, MD. PhD ™ Juliano P. Almeida, MD _® Julia T. Fukushima. MsC_ ~
Andrew Rhodes. MD. PhD." Jean-lLouis Vincent. MD. PhD.© Eduardo A. Osawa, MD_®
and Filomena R. B. G. Galas. MD. PhD*"

0-ICU admission

Lactate AUC {95%C1) Cut-off value

Final 0.57(0.49-0.65) 3.4mmol/L

0.58 (0.49-0.67) 4 mmol/L

0,72 (0.64-0.79) 3 mmol/l

0.75(0.66-0.83) 2 mmol/L




Relative hyperlactatemia and hospital mortality in
critically ill patients: a retrospective multi-centre

study
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Central venous oxygen saturation and blood
lactate levels during cardiopulmonary bypass are
associated with outcome after pediatric cardiac
surgery

Marco Ranucd '™, Giuseppe lsgrd!, Concatta Caducci’, Taresa De La Torre', Stefania Enginoli’, Alessandro Frigicola®,
Surgical and Clinical Outcorme REsearch (SCORE) Group

"P=0011 vs. alithe cther deciles

Peak lactate level (mmollL) during CPE - mean £ standard error

L]

40-68 68.-71 7172 73 7374 7475 7576 76-78 7T8-80 80-96

SeVO? (%) — Deacilns onf distribution

Figure 1 Peak whole blood lactate according to the nadir
ScVO5 value. Significance assessed with the Kruskal-Wallis test.




Major morbidity

Peak lactate ==
ScVO?2 - -

Sensitivity Specificity PPV NPV

45% 96% 54% 094%
52% 93% 73% 94%
59% 81% 27% 94%

o
(=7
|

Sensitivity Specificity PPV NPV

£
>
=
"
c
@
n

> 2.2 mmol/L 53% 67%
> 2.5 mmol/L 59% 81%
> 3.0 mmol/L 48% 91%

Combined Index Sensitivity Specificity PPV NPV

ScvV0O2< 68% and 27% 99% 89% 92%
Lactate > 3 mmol/L

I I
06 08 10

1 - Specificity




Multisite Near-Infrared Spectroscopy Predicts Elevated Blood Lactate Level in
Children After Cardiac Surgery

Sujata B. Chakravarti, MD,* Alexander J.C. Mittnacht, MD,T Jason C. Katz, MD,* Khahn Nguyen, MD,z
Umesh Joashi, MBBS,* and Shubhika Srivastava, MBBS, FACC*

Table 3. Comelation Coefficlents of Ln (Reglonal Oxyhemogiobin Saturation] with Respect to Lactate at Each Postoperative Time Point

Corcbeal rS0, Splanchnic rS0; Muscla rS0, Ranal rS0; Average Carcbral and Ranal r80;
Tima Pount in \r n ir} (n

-0.67t ~0.48* -0.51* -0.48* -0.77%
-0.621 ~-042* 041 -0.52* -0.681
-0.781 -0.62t -0.48* -0.69t -0.863
-0.681 -0.701 -0.46* -0.631 -0.89¢
-0.813 -0.59* 0.32 -058* -0.90¢
~0.781 -058* -0.81t -0.77t -0.942
-0.82t 0.56 0.42 0.48 -0.94t
-0.921 -0.86* 0.01 0.07 -0.93t
-0.62t 0.31 -0.681 -0.65t -0.71t

NOTE. Bold Indgicates significant values,
< 0.05.
< 0.0
0.0001




Ozetle

Hiperlaktatemi acik kalp cerrahisi sonrasi
mortalite ve morbidite gostergesi

Cerrahinin basindan itibaren riskli hastalarda
sunu/tuketim dengesine onem verilmeli

Pompa esnasinda 02 sunumu pompa flow, isi
ve Hb ile optimize edilir

Ozellikle sebat eden laktat yiiksekliklerinde
alert olunmal ve oksijen sunumunu arttirmaya
yonelik manevralar yapiimahdir

Laktat ile birlikte NIRS veya ScVO2 takibi
komplikasyon oranlarini azaltir.



Tesekkurler



