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Konu basliklari

1. KPB sirasinda degisen fizyopatoloji
2. Transflizyonun erken ve ge¢c dénem sonuclari
3. Transflizyondan kacinma stratejileri

a) Normovolemik hemodiltsyon

b) Restriktif transflzyon stratejisi;

Anemiye fizyolojik toleransin optimizasyonu

4. Kendicalismam



KPB sirasinda degisen fizyopotoloji

KPB

Hipotermi

Bazal Met (VO2).
Azalma
37°C-32C°
VO2 % 60 azalma

Viskozitedeki azalma ve
vazokonst. Bagli

Mikrosirkilasyonda
bozulma

~

Diltisyonel

Anemi

DO2 de azalma

Vizkositedeki artmaya
bagh Mikrosirkilasyonda
artma




Doku oksijenasyonunun degerlendirilmesinde

* Dokuya sunulan oksijenin (DO2) ve
— DO,: CO x 10 x [(Hbx1,34x Sa0,) +(PO, x ,0003)]
— D0O2: 980 mi

* Vicudun tukettigi oksijenin miktarinin (VO?2)
belirlenmesi gerekir
—VO,: CO x10 (Ca0O,-Cv0O,)
—V0O2: 230 ml

— OER: %22-24



VO2 (whole Body)

Doku perfluzyonu

VO2 vs DO2 VO2 vs DO2
Dependency Independency

Difficult to detect!!

VO2 vs DO2
Dependency

Critical DO2

xia-Hibernation Steady State

Metabénc Activity

DO2 (Whole Body)



Dilisyonel Anemi sirasinda Temel
Hedef

* VO2’nin DO2’ye bagimli olmamasini
saglayacak minimum DO2 degerini olusturmak




Perfusion 2002; 17: 167-173

The oxygen debt during routine cardiac
surgery: illusion or reality?

YM Ganushchak?, JG Maessen” and DS de Jong"

'Department of Extra C'%_lporeal Circulation, Universi
“Department of Cardio-Thoracic Surgery, University

Background: Patients undergoing cardiac surgery with the
use of cardiopulmonary bypass (CPB) are often thought to
have tissue hypoxia and intraoperative oxygen debt
accumulation despite the lack of sufficient data to support
this assumption. Methods and results: Oxygen uptake and
related parameters, including the plasma lactate and
pyruvate concentrations, were studied during the peri-
operative period in a group of 15 consecutive patients
who underwent coronary art bypass graft surgery.
The actual oxygen uptake (VO;) and delivery (DO;) were
compared with the individual expected (computed) oxy-
gen transport values. The mean values of DO, and VO,
were in the range of the expected values. Our results
demonstrate a leading role for body temperature in
perioperative changes of oxygen consumption rate

Hospital Maastricht, Maastricht, The Netherlands;
ospital Maastricht, Maastricht, The Netherlands

(r*=0.65, p<0.001). Plasma lactate and pyruvate did
not exceed the physiological range in any patient.
However, with initiation of CPB, the lactate to pyruvate
(LA/PVA) ratio increased (from 9.87+2.43 at T1 to
12.08+ 1.51 at T2, p<0.05). The mean value of the LA/
PVA ratio was elevated during surgery. Later, upon
lowering of the plasma lactate concentration in the
postoperative period, the LA/PVA ratio decreased to
normal values. Without any other evidence of hypoxia,
this increase in the LA/PVA ratio could be explained by
washout of lactate from previously hypoperfused tissues
and intraoperative decrease of lactate clearance. Con-
clusion: Systemic oxygenation was not impaired during
CPB, or during 18 h after surgery in the studied group of
patients. Perfusion (2002) 17, 167 -173.
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Figure 1 The study stages and their relation to the perioperative
events. T1 — before systemic heparinization; start of CPB (T2);
every 20 min of bypass (T3a...Tn); before removal of the aortic
crossclamp (T4); 15 min after protamine infusion (T5); 2, 4, 8, 12,
and 18 h after the end of operation (T6...T10).
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Figure 2 Oxygen delivery before, during, and up to 18 h after
coronary bypass operation. The grey area is the critical level of
oxygen delivery.



Oxygen debt
YM Ganushchak et al.
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Figure 3 Oxygen consumption before, during, and up to 18 h after

coronary bypass operation. The grey area is the expected level of
oxygen consumption ( p>0.05 for all samples points).



250 &
200
o -®
= e
< 150+
£
£
E100
504
26 28 30 32Co 34 36 38 40

® VO,,u.as — Exponential fit

Figure 4 Whole body temperature and oxygen consumption pooled
from all study periods (T1...T10).



KPB da oksijen tuketimi

Normotermide (37 °C)
VO,: 95,8%+20 ml/dk/m? - (Cavaliere F.Perfusion 1998;13:45-51)

:96 X 1,7= 163 ml/dk,
DO,:5x10x(8x1,34x0,99):530 ml, 530/163:3,25
Hipotermide (30 °C),
VO, :49,9+17,7ml/dk/m? (Long C.J Extra Corp Technol 2003;35:13-6)
: 50 X 1,7= 85 ml/dk 530/85: 6,23
Yeniden isinma doneminde
VO, :133+40 ml/dk/m?,
: 133 X'1,7= 226 ml/dk, 530/226: 2,3



KPB’ da anemi varliginda

KD :5It, Hb:5 gr/dl, normotermide
DO, :CO x 10 x (Hbx1,34 x Sa02)

. 5 x 10 x (5x1,34 x0,99):
. :330 ml/dk
. Normotermi Hipotermi Yeniden isinma

DO,/ VO,: 330/163 330/85 330/226 mi/dk

2 3,8 1,4



DO,

* DO2'nin kritik degeri ile ilgili klinik
uygulamalara baktigimizda



de Somer et al. Critical Care 2011, 15:R192
http://ccforum.com/content/15/4/R192
C, criTicAL CARE

RESEARCH Open Access

O, delivery and CO, production during
cardiopulmonary bypass as determinants of acute
kidney injury: time for a goal-directed perfusion
management?

Filip de Somer', John W Mulholland?, Megan R Bryan?, Tommaso Aloisio®, Guido J Van Nooten' and
Marco Ranucci®”
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Acute kidney injury rate (% and 95% Cl)

94-'222 223:243 244-'259 260-269 270'-277 278'-288 289'-299 300'-313 31";-33 335-386
Nadir DO2 on CPB (mL.min-1.m-2 ) — deciles of distribution
Figure 1 Graph showing acute kidney injury rate according to

decile distribution of nadir oxygen delivery (DO,) level during
cardiopulmonary bypass (CPB).




Research Open Access
The impact of an hematocrit of 20% during normothermic
cardiopulmonary bypass for elective low risk coronary artery
bypass graft surgery on oxygen delivery and clinical outcome - a
randomized controlled study [ISRCTN35655335]

Christian von Heymann?, Michael Sander!, Achim Foerl!, Anja Heinemann, Bruce Spiess?,
Jan Braun', Michael Kramerl, Joachim Grosse’, Pascal Dohmen3, Simon Dushe3, Jirgen Halle3,
Wolfgang F Konertz3, Klaus-Dieter Wernecke? and Claudia Spies'

1Department of Anesthesiology and Intensive Care Medicine, Charité — University Hospital Berlin, Charité Campus Mitte, Berlin, Germany
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3Department of Cardiovascular Surgery, Charité = University Hospital Berlin, Charité Campus Mitte, Berlin, Germany
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Table 1

Basic patient characteristics
Characteristic Hematocrit 25% Hematocrit 20% p
Median IQR Median IQR

Age (years) 60 55-67 65 58-71 0.10
Gender (male/-female) 28/2 26/0 0.49
Height (m) 1.78 1.73-1.81 1.75 1.72-1.79 0.35
Weight (kg) 03 80-100 87 80-100 0.52
Body mass index (kg/m?) 27.9 26.0-32.2 28.8 26.7-29.9 0.72
Preoperative hematocrit (%) 41.8 40.2-43.0 42.1 39.4-454 0.88
Duration of anesthesia (minutes) 300 290-320 310 290-325 0.26
Duration of surgery (minutes) 190 160-220 205 175-250 0.09
CPB time {minutes) 72 55-83 73 63-81 0.50
Aortic cross clamp time (minutes) 45 33-56 45 38-49 0.93
APACHE Il score 14 9-19 16 13-27 0.09

APACHE, Acute Physiology and Chronic Health Evaluation; CPB, cardiopulmonary bypass; IQOR, interquartile range.
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* Yeterli pompa akimi (Debi ) varliginda gelisen
fizyopatolojik degisiklik boyle

 Anemi, KD (pompa akimi ) ve OER ile
kompanse edilmekte

 Eger pompa akimi azalirsa ne olur?



Table 3. Factors Determining Minimal Safe Pump Flow During
Cardiopulmonary Bypass

Body Surface Area (BSA)

Degree of hypothermia

Acid-base balance

Whole-body oxygen consumption
Degree of neuromuscular blockade

Oxygen content of blood (hemoglobin concentration and
saturation, Pao,)
Depth of anesthesia

Specific organ ischemic tolerance
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Figure 3. Changes in regional oxygen delivery at
varying bypass flow rates. Oxygen delivery to
the brain and kidneys was relatively well main-
tained at flows more than 14 L+ min™ ' m™2%
However, oxygen delivery to muscle and vis-
ceral organs was significantly reduced at higher

-
w»m
v

% Change in O, Delivery

flow rates (1.7-2.0 L-min ' +m ). Reprinted 50 + ————"1 —-—-- Small Bowel
with permission from Boston US, Slater JM, Pancroas
Orszulak TA, Cook DJ. Hierarchy of regional
oxygen delivery during cardiopulmonary by- * * — — Muscle
pass. Ann Thorac Surg 2001; 71: 260-4.
25 A s - 1 A L " L " J
13 L5 L7 1.9 2.1 23

CPB Flow Rate
(L/min/m?)




Sonuc

 Tum bu fizyopatolojik dinamik degisiklikler
nedeniile KPB sirasindaki ideal perflizyon
parametreleri net olarak tanimlanamamistir

* Bu nedenle end organ veno6z oksijen

saturasyonunun 6lcimu ¢cok anlamli ve
gereklidir.



* End organ vendz oksijen saturasyonunu
izleyecek non-invazif cihazlar

 Bugln icin NIRS yontemi ile calisan cihazlardir
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Pro: Near-Infrared Spectroscopy Should Be Used for
All Cardiopulmonary Bypass

George M. Hoffman, MD

Section Editors’ note: The issue of cerebral oxygenation
during cardiopulmonary bypass is controversial. There is sig-
nificant indication in favor of its use, not least of which is its
potential for positive cost-to-benefit ratio. Yet, there remains
compelling evidence that, although the technique is promising,
the limitations must be acknowledged, including the potential
for technical difficulties and the lack of evidence regarding
long-term outcomes,

With all of this in mind, the Section Editors decided to open
the debate regarding the use of cerebral oxygenation monitor-
ing during CPB to a lengthier, more detailed discussion. This
Pro/Con will therefore continue the 2-part series begun in the
June issue, so that the Journal might give this contentious topic
the attention it deserves.

of which can be avoided by continuous delivery of oxygenated
blood in sufficient quantity to the brain.’

The importance of neurologic injury has driven the develop-
ment and application of monitors to enhance detection and
direct treatment of conditions associated with brain injury.
Because of the prominence of the potential for hypoxic-isch-
emic injury during CPB, brain oxygen monitoring has enjoyed
persistent development efforts, in the form of intracranial ox-
ygen electrodes, jugular venous saturation monitoring, and
various forms of transcranial oximetry via near-infrared spec-
troscopy (NIRS). NIRS offers the advantages of noninvasive
continuous regional tissue (organ) oxyhemoglobin saturation
monitoring and is available in Food and Drug Administration—
approved, commercially produced forms.

TECHNICAL OVERVIEW OF NIRS



Transflzyonun erken ve gec donem
sonuclari



EDITORIAL

Patient blood management during cardiac surgery: Do we have
enough evidence for clinical practice?

Marco Ranucci, MD,* Solomon Aronson, MD,b Wulf Dietrich, MD, PhD,® Cornelius M. Dyke, MD,"]
Axel Hofmann, ME,*" Keyvan Karkouti, MD,# Marcel Levi, MD, PhD," Gavin J. Murphy, MD, FRCS,'
Frank W. Sellke, MD,’ Linda Shore-Lesserson, MD,* and Christian von Heymann, MD,' endorsed by the
European Association of Cardiothoracic Anaesthesiologists (EACTA)



Editorial

Ranucci et al
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FIGURE 1. Forest plot of studies evaluating the effect of red blood cell transfusion on perioperative mortality (in-hospital or 30-day mortality). IV, Inclusive

value; CI, confidence interval.
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FIGURE 2. Forest plot of studies evaluating the effect of red blood cell transfusion on postoperative infection (sepsis, bacteremia, or any infection).
IV, Inclusive value; CI, confidence interval.
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FIGURE 3. Forest plot of studies evaluating the effect of red blood cell transfusion on postoperative acute renal failure or renal replacement therapy and on
acute kidney injury. 7V, Inclusive value; CI, confidence interval.




Odds Ratio Odds Ratio

Study or subgroup |\, oondom. 95% Cl IV, Random, 95% Cl
Kulier 2007 [21] 121(115,127) 1
Surgenor 2008 [198) 1.27[1.00, 1.61) G
Koch 2006 (2] 155 (147, 163) +
|
de Santo 2009 [199] 318(1.73,5.79) 1
| | | |
| | | |
0.2 0.5 1 2 5
Favours transfusion Favours control

FIGURE 4. Forest plot of studies evaluating the effect of RBC transfusion on postoperative cardiac morbidity (major cardiac complication, low cardiac
output). IV, Inclusive value; CI, confidence interval.




* Transflzyondan kacinmaliyiz



Transflzyondan kacinma stratejileri
PBM

1. Hastanin kendi kaninin optimizasyonu (preop.
aneminin duzeltilmesi)

2. Intraoperatif kan kaybinin azaltiimasi
— Minimal invazif cerrahi
— Farmakolojik ajanlarin kullanimi

3. Restriktif Transfuzyon stratejisinin uygulanmasi
— Hb alt esik degerinin belirlenmesi (PBM)

— Otolog transflizyon
— Normovolemik Hemodillisyon



CABG Outcomes PBMP vs Non-PBMP

Outcome PBMP cohort Non-PBMP cohort P-value

(n=586) (n=586)
% Transfused 10.6% 42.5% <0.0001
Mortality 0.8% 2.5% 0.02
Serious complication 11.1% 18.7% 0.0002

Moskowitz et al. TheThe impact of blood conservation on outcomes in cardiac surgery: is it safe and effective?
Ann Thorac Surg 2010;90:451-9

© Axel Hofmann AIC Graz 09-2010



ORIGINAL PAPER

doi: ‘10.1111!].1368—503‘1.2004.00‘120.x/,._.{%‘*:_\

The effect of acute normovolemic haemodilution on cerebral

oxygenation

S.H. HAN,' B.M. HAM,? Y.S. OH,” ].H. BAHK,” Y.J. RO,? §.H. DO,” Y.S. PARK’
Department of Anaeshesiology,” Hallym University, College of Medicine, Department of Anaesthesiology,” Seoul National University College of
Medicine, Laboratory of Statistical Information Analysis,” Hanyang Unisversity College of Natural Sciences, Seoul, Republic of Korea

SUMMARY

Acute normovolemic haemodilution (ANH) may cause an
imbalance in cerebral oxygen metabolism because it decreases
the arterial oxygen content. This study was designed to
investigate the effect of ANH on cerebral oxygenation. By
using cerebral oximetry, the regional cerebral oxygen satur-
ation (rSO,) was monitored during ANH in 26 patients
without systemic illness (initial haematocrit = 42 = 1%).
The rSO, did not show a significant change until the Het

reached >30%. However, it decreased significantly thereafter
to reach 88% of the baseline value when the ANH was
completed with a Het value of 24 = 1% (before ANH;
71 % 6% vs. after ANH; 62 % 4%, p < 0.01). In conclusion,
an ANH can lead to a reduction in cerebral oxygenation
when a patient’s Hct goes below 30%.

Keywords: Acute normovolemic haemodilution; cerebral
oxygenation; cerebral oximetry

© 2004 Blackwell Publishing Ltd



Elektif omuz cerrahisi hastalarinda

ANH= Ct,02 { = serebral DO, de azalma
V = EBV x (H;-Hy)/H.,,
[1k 500 ml kan icin 500 ml %6 HES

Ger1 kalan volum 1¢in kan miktarinin 3 kat1 RL
veriliyor




Table 1 Patients’ clinical characteristics

Sex (M/F)

Age (years)
Weight (kg)
Height (cm)
Initial Het (%)

15/11

59 + 12
637
164 = 14
42 = 1

Data are mean = SD or number of patients.



Table2 Physiologic values during the study

Baseline Vas Vs Vas Vioo
HR (rate/min) 69.9 £ 10.4 69.5%9.3 67.3+123 70.1£7.5 70.8 £ 6.6
MAP (mmHg) 88.4 + 8.4 87.7 + 6.4 84.9 +5.8" 82.5 +7.0* 81.8 + 6.8+
CVP (mmHg) 56+ 1.2 5.6%1.2 59+1.7 54+ 1.0 5.6+1.3
CO (I/min) 48+07 50£05" 5.0+0.7"
Ca0, (vol%) 19,5+ 1.0 18.4+1.0* 154+ 324 14.1+1.2% 12,0 0.4%
D20, (ml/min) C =141 863 + 150* 761 = 100% 728 * 641 CES

Data are mean = SD.

HR, heart rate; MAP, mean arterial pressure; CVP, central venous pressure; CO, cardiac output; CaQ,, arterial oxygen content; Da0,, systemic oxygen delivery;
Vas, when 25% of target volume of blood was withdrawn; V5o, when 50% of target volume of blood was withdrawn; V55, when 75% of target volume of blood

was withdrawn; Vjgg, when 100% of target volume of blood was withdrawn.

*p <0.05 vs. baseline value.
p < 0.01 vs. baseline value,
$p <0.001 vs. baseline value.

rSO2 % 71

69

64

62



rSO2 degisimi

Baslangic rSO2 %71

Hct;, %40 dan Hct g % 24 diisiiyor
rSO2 degisimi,

— volim %350 ¢ekilene kadar anlamli degil

Cekilen volum %75 ulastiginda
— 1S02% 64 (%10)

Cekilen volim %100 ulastiginda
— 1S02% 62 (%12)
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* Sizce ne kadar kan volimu alinmistir



*1497 = 437 ml
*36 = 9 dk
°lsi:36.1 =0.3°C-35.2 = 0.2°C, p<0.05).



ANH da anemiye tolerans nasil belirlenmeli

* Baslangic Hct degerine gore mi ?
* % degisim oranina gore mi?

— Hct'in %50 den % 24’e diismesi ile

— Hct'in %35 den % 24’e dismesi ile arasinda fark
varmi ?



TRANSFUSION PRACTICE

The influence of baseline hemoglobin concentration on tolerance
of anemia in cardiac surgery

Keyvan Karkouti, Duminda N. Wijeysundera, Terrence M. Yau, Stuart A. McCluskey,
Adriaan van Rensburg, and W. Scolt Beattie

BACKGROUND: Current red blood cell (RBC) transfu-
sion guidelines assume that most acutely anemic
patients can tolerate hemoglobin (Hb) concentrations as
low as 6.0 to 7.0 g per dL. and recommend that range
as the transfusion threshold in patients who have no
overt signs of organ dysfunction. Nonetheless, “normal”
Hb concentrations vary widely in the population, and
this variability may influence patients’ tolerance of acute
anemia. This retrospective cohort study was carried out
to test this hypothesis.

s with other physiologic variables, hemoglobin
(Hb) concentration has a relatively wide bell-
shaped distribution in the population. The
World Health Organization’s reference criteria
for “normal” Hb concentration is based on the range
between the 2.5th and 97.5th percentiles in this bell-
shaped distribution; this normal range is 12.0 to 16.0 g per
dL in women and 13.0 to 18.0 g per dL in men.' This range
of apparently normal Hb values then raises the question
whether baseline Hb concentration influences the degree
of acute anemia that individuals can safely tolerate. This



Materyal-Metod

1999-2006

On pump CABG op olan 10.179 hasta
Hb: 12-16 g/d| kadin

Hb: 13-18 g/dl erkek

— Pompa sirasindaki en dusuk Hb ve
— Baslangic degerine gbre yluzde degisim
— Sonuc parametreleri Gzerine etkisi
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TABLE 3. Details of the logistic regression model for the composite outcome that included lowest CPB Hb as a
covariate dichotomized at 7.0 g/dL (< or =)"

Variablet Distribution (unit) Wald chi-squaref p Value OR§ 95% CI|
Low CPB Hb (forced in) Binomial 0.8 0.4 1,15 0B84-1 56
Age Continuous (years) 9.5 0.002 1.02 1.01-1.03
Diabetes Binomial 12.4 0.0004 1.70 1.27-2.29
Cerebrovascular disease Binomial 8.7 0.003 1.66 1.18-2.31
Kidney dysfunction Binomial 44.5 <0.0001 2.70 2.01-3.61
CPB duration Continuous (min) 491 <0.0001 1.01 1.01-1.01
Difficult CPB wean Binomial 75.5 <0.0001 3.74 2.78-5.04
1_BBC transfusion Binomial 6.7 0.01 1.61 1,12-2.31
FFP transfusion Binomial 10.7 0.001 1.74 1.25-2.43

* Hosmer-Lemeshow goodness-of-fit test p = 0.13; area under ROC curve (c-index), 0.83.
T See Table 1 for definitions.
¥ Wald chi-square: the higher the value, the higher the predictive value of the variable.

Y The 95 percent Cl for the estimated OR.

§ The change in odds of the composite outcome for each unit change of the variable while controlling for other variables in the model.




The influence of baseline hb concentration on tolerance
of anemia in cardiac surgery

025
020 /

The relationship between
maximum decrease in Hb
concentration
and adverse outcomes was
independently associated
with increased risk!!
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Karkouti et al: TRANSFUSION 2008;48:666-672.



TABLE 4. Details of the logistic regression model for the composite outcome that included maximum decrease
in Hb as a covariate dichotomized at 50% (> or =)*

Variablet Distribution {unit) Wald chi-squaret p Value OR§ 95% CI|
Maximum decrease in Hb Binomial 73 0007 153 112.2 08
Age Continuous (years) 19.7 0.002 1.02 1.01-1.03
Diabetes Binomial 12.7 0.0004 1.71 1.27-2.30
Cerebrovascular disease Binomial 8.6 0.003 1.65 1.18-2.30
Kidney dysfunction Binomial 46.6 <0.0001 2.77 2.07-3.71
CPB duration Continuous (min) 50.9 <0.0001 1.01 1.01-1.01
Difficult CPB wean Binomial 74.0 <0.0001 3.70 2.70-4.98
RBC transfusion Binomial 5.7 0.02 1.53 1.08-2.16
FFP transfusion Binomial 10.9 0.001 1.75 1.25-2.43

* Hosmer-Lemeshow goodness-of-fit test p = 0.25; area under ROC curve (c-index), 0.83.
T See Table 1 for definitions.
$ Wald chi-square: the higher the value, the higher the predictive value of the variable.

§ The change in odds of the composite outcome for each unit change of the variable while controlling for other variables in the model.

9 The 95 percent Cl for the estimated OR.




Sonuc

KPB sirasinda hastanin guvenle tolere edebilecegi
akut aneminin derecesi, hastanin baslangic
hemoglobin degeri ile ters orantilidir.

Ve bu sonuc¢ henlz transfiizyon guidelines icin
dikkate alinmamaktadir

Yani; Hb> 16 g/dl den, ANH sonrasi Hb:8 g/dl’ye
dustuglinde gluvende olmayabiliriz

Ama Hb:12 g/dl den 8 g/dl diistliglinde daha
glvenli olabiliriz

Bu nedenle NIRS ile vendz oksijen saturasyonu
takibi onemli



Pediatr Cardiol (2013) 34:75-80
DOI 10.1007/s00246-012-0389-2

ORIGINAL ARTICLE

Cerebral Oximetry Monitoring During Preoperative Phlebotomy
to Limit Allogeneic Blood Use in Patients Undergoing Cardiac
Surgery

Elisabeth Dewhirst - Peter Winch - Aymen Naguib -
Mark Galantowicz - Joseph D. Tobias



* ANH yapilan cocuklarda, priming
solisyonunun ilavesi ile

* Hb dlzeyi istenmeyen sinirlara varabilir
 Buamacla;

— ANH sirasinda restriktif sivi replasmaninin
uygulanmasi,

* Guvenli ve

* Faydali olabilir mi?



ANH

* 1:1 kolloid
e 1:3 kristaloid replasmani yapilmakta
* Bu klasik uygulama yerine,

— Yeterli doku perfizyonunu saglayacak minimal sivi
replasmani hedef alinmis



Materyal metod

* MAPHR,rSO2 degerlerinde %20 den fazla
degisme oldugunda sivi replasmani yapilmis



Sonuc

* Alinan kan volimu ortalamasi 9,3 == 2,9 ml/kg
* Verilen kristaloid miktari 5,6 5,1 ml/kg

* 0,6:1 oraninda kristaloid verilmis



Table 2 Hemodynamic changes before and after phlehotomy

Hemodynamic parameter  Before phlebotomy At completion of phlebotomy 15 Min after phlebotomy 30 Min after phlebotomy

HR (bpm) 95 + 33 94 + 36° 89 + 30° 87 £ 31°
MAP (mmHg) 69 + 12 60 + 13° 60 + 14° 61 + 14°

HR heart rate, bpm beats per minute, MAP mean arterial pressure, NS not significant
* p = NS vs baseline
® p < 0.05 vs before phlebotomy



Table 3 Lactate and pH changes before and after phlebotomy

Variable Before phlebotomy After phlebotomy
pH 71.37 £ 0.06 7.34 £ 0.04"
Lactate (mmol/L) 0.9 + 0.47 1.7 + (.88"

* p < 0.05 vs baseline



Table 4 Near-infrared spectroscopy (INIRS) cerebral oximetry
{rS0;) during phlebotomy

Immediately Immediately 15 Min 30 Min
hefore after after after
phlebotomy phlebotomy phlebotomy phlebotomy

(r50;) 74 x9 68 + 10° 70 £ 9° 68 + 8"

NS not significant
* p < 0.05 vs baseline
" p = N5 vs baseline



Table 5 Patients with and without cerebral oximetry (rSO,) changes

after phlebotomy

Variable Patients with an  Patients with stable
SO, decrease rSO, (no value
=20 from <10 from
baseline after baseline) after
phlebotomy phlebotomy

No. of patients 4 16

Age (years) 29+ 47 152 +2.9°

Patients <1 year old 3/4 2/16"

Weight (kg) 13.1 £ 12.1 503 £ 17°

Single-ventricle anatomy 1/4 4/16"

Fentanyl dose (ug/kg) 72+£35 53+28°

Received dexmedetomidine (/4 12/16"

Blood volume
removed (mL/kg)

Crystalloid replacement 64 £ 6.6 54+46°
(mL/kg)

Mean MAP when 54 £ 15 61 £ 12°
rSO; decreased =20 %
from baseline (mmHg)

No. of patients with 3/4 716"
=20 % decrease in MAP

Mean HR when rSO; 126 + 48 88 + 33"
decreased > 20 % from
baseline (bpm)

No. of patients with 0/4 2/16°
=20 % increase in HR

Mean pH after phlebotomy  7.27 £ 0.05 7.34 + 0.03*

Mean lactate 1.05 = 0.4 14+1.1°
after phlebotomy

PaCO, after phlebotomy 48 + 8 45+ 7°

(mmHg)*

NS not significant
*p<005
Pp=NS

¢ Given the timing of the blood draw, these values do not necessarily

B T R T L A T T




* NIRS ile 6lculen rSO2 givenilir mi ?



J Appl Physiol 110: 1691-1698, 2011,
First published March 31, 2011; doi:10.1152/japplphysiol.01458.2010.

Continuous monitoring of absolute cerebral blood flow by near-infrared
spectroscopy during global and focal temporary vessel occlusion

Joel A. Cooper,'? Kenneth M. Tichauer,”?® Melfort Boulton,' Jonathan Elliott,>® Mamadou Diop,*”
Miguel Arango,’ Ting-Yim Lee,>** and Keith St. Lawrence*’

Departments of 'Medicine, “Medical Biophysics, and *Anesthesia and Perioperative Medicine, University of Western Ontario,
*Imaging Division, Lawson Health Research Institute, and *Imaging Research Laboratories, Robarts Research Institute,
London, Ontario, Canada

Submitted 17 December 2010; accepted in final form 17 March 2011



* Calismacilarin daha 6nce gelistirmis olduklari
ve diger calismacilar tarafindan da
validasyonlari yapilmis olan, indocyanine
green ile CBF dlcimbu ile NIRS'
karsilastiriyorlar



NIRS’in calisma prensibi

« Hb difference (HbD) :Oxyhem. con.- Deoxyhem. con.

 HbD: CBF degisim belirteci olarak kullaniyorlar



Calisma iki asamal

1. asamada; karotid arter oklizyonunda

— Klemp oncesi ve sonrasi CBF indocyanin ile
Olctliyor ve

— HbD ile karsilastiriliyor
— HbD ile CBF arasindaki iliski arastiriliyor

2.asamada: ayni islemler Middle Cerebral Arter
oklizyonunda yapiliyor
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Fig. 1. A: change in Hb difference (HbD) plotted as a function of cerebral
blood flow (CBF) for each animal in carotid occlusion experiments (n = 7).
B: predicted CBF values deriv rom plotted as a ction of measured
CBF. Solid lines represent results of linear regression performed on data from
each animal. Each symbol type represents data from a single piglet.
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Fig. 2. Bland-Altman plot of predicted CBF values derived from change in
HbD and corresponding measured CBF values for carotid occlusion experi-
ments. Solid line, mean CBF difference; dashed lines, 95% confidence inter-
vals. Each symbol type represents data from a single piglet.



&

HbD (uM)
[
[

=}

CBF (mL/100 g/min/)

Predicted ACBF (mL/min/100g)

-60 -40 -20 0 20 40

Measured ACBF (mL/min/100g)

Fig. 4. A: change in HbD plotted as a function of CBF for each of 6 animals
in the middle cerebral artery (MCA) occlusion experiments. Error bars, SE;
solid line, linear regression for each individual animal. B: predicted change in
CBF (ACBF) plotted as a function of corresponding measured change in CBF
for all MCA occlusion experiments. Predicted values were determined from
change in HbD, and measured values were determined using indocyanine
green technique. In both cases, ACBF was determined by subtracting each
animal’s baseline CBF. Linear regression is shown by solid line with slope of
0.939 and y-intercept of —3.34 ml-100 g "min ' (R? = 0.907).



Sonuc

 Damar okllizyonu sirasinda degisen HbD (NIRS
ile 6lctilen) degeri ile

e CBF arasinda yakin bir korelasyonun oldugunu
ifade ediyorlar (r%: 0,9)



Vox Songuinis (2002) 83, 254 -257

ORIGINAL PAPER

© 2002 Blackwell Science

Cerebral and peripheral near-infrared spectroscopy:

an alternative transfusion trigger?

F. Torella, S. L. Haynes & C. N. McCollum
Academic Surgery Unit, Education and Research Centre, South Manchester University Hospital, Manchester, UK

Background and Objectives To develop a transfusion trigger based on tissue oxygen-
ation, near-infrared spectroscopy (NIRS) was evaluated in a model of compensated

haemorrhage.

Patients and Methods Regional haemoglobin oxygen saturation from the cerebral
cortex (Cs0O,) and the gastrocnemius muscle (PsO,) was monitored (using an INVOS
4100 near-infrared oximeter) in 30 patients during acute normovolaemic haemodilu-
tion to a target haemoglobin of 11 g/dl. Arterial oxygen saturation, end-tidal carbon
dioxide tension, mean arterial pressure and haemoglobin concentration were also

measured.

Results During blood collection, CsO, and PsO, fell by a mean (95% CI) of 8 (5:3-
10-7)% (P < 0-001) and 5-5 (3-2-7-8)% (P < 0-001), respectively. Arterial pressure and
oxygen saturation did not change, whilst the end-tidal carbon dioxide tension fell by
23 (0-8-3-8) mmHg (P = 0-004). Haemoglobin concentration correlated with CsO,
(R =076, P < 0001) and PsO, (R =063, P < 0-001), as did the volume of blood

removed.

Conclusions CsO, and PsO, fell predictably during compensated blood loss. With

Received: 17 April 2002,

further research, NIRS may be developed into a transfusion trigger.

revised 24 June 2002, Key words: acute normovolaemic haemodilution, blood loss, haemorrhage, oximetry,

accepted 24 June 2002 regional oxygen saturation.




Materyal -Metod

* 30 hasta periferik arter cerrahisi
— 7 Hasta Aorto-bifemoral
— 23 hasta anevrizmektomi
— Yas ortalamasi 70 vl
 Normovolemik hemodillisyon olusturuyorlar
— Boy-kilo gére kan volimu tahmini yapiliyor
— Tahmini kan volimunun %20 aliniyor
e Olclimler
— Baslangicta
— Her %2 lik kan aliminda ve
— Islem sonunda



* Sol frontal lob rScO2
* Sol gastrocnemius muscle (rSmQ2).



Tahmini kan volimu (ml)

Cekilen kan volim (U)
(1d: 450 ml )

Ortalama stre (dk)

4719 £ 652



* Islem sirasinda;
— OAB DA 12 mmHg degisiklik oluyor p>0,05

— ETCO2 de 2,3 mmHg degisiklik oluyor p<0,05



Hb (g/dl) 14,5 = 1,36 10,8 = 0,94 5,5

rScO2 (%) 74 + 10 66 + 9 8 < 0,001

rSmO2 (%) 70 £ 8 64 + 7 5,5 <0,001



After ANH
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Fig. 1 Changes in regional haemoglobin oxygen saturation from the
cerebral cortex (CsO,) during ANH. The mean fall (95% confidence interval)
was 8 (5-3-10-7)%.
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Fig. 2 Changes in regional haemoglobin oxygen saturation from the

gastrocnemius muscle (PsO,) during ANH. The mean fall (95% confidence

interval} was 55 {3-2-7-8)%.




Hb ile olan korelasyon

rScO2 (%) 0,76 < 0,001

rSmO2 (%) 0,63 <0,001



CO2 ayarindan sonra Hb ile olan
korelasyon

rScO2 (%) 0,65 < 0,001

rSmO2 (%) 0,55 <0,001



Alinan kan volumu ile korelasyon

rScO2 (%) -0,48 < 0,001

rSmO2 (%) -0,75 <0,001

PCO2 ayarindan sonra

rScO2 (%) -0,61 < 0,001

rSmO2 (%) -0,52 <0,001



e Kan kaybi takibinin rScO2 ile yapilmasinin,
PsO?2 ile yapilmasindan daha uygun oldugunu

rScO2’nin ;
— Kanamaya bagli serebral desaturasyonu

— Non-invazif olarak tespit etmek amaciyla
kullanilabilecegini ifade ediyorlar
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REGIONAL TISSUE OXYGENATION DURING HEMORRHAGE: CAN NEAR
INFRARED SPECTROSCOPY BE USED TO MONITOR BLOOD LOSS?

Francesco Torella,* Richard D. Cowley,t Maureen S. Thorniley,t and
Charles N. McCollum*

*Academic Surgery Unit, South Manchester University Hospital, and *Department of Instrumentation and
Analytical Sciences, UMIST

Received 3 Aug 2001; first review completed 21 Sep 2001; accepted in final form 12 Feb 2002

ABSTRACT—We investigated whether near infrared spectroscopy could be used to monitor regional tissue oxygenation
during uncompensated hemorrhage in man. A Somanetics INVOS 4100 oximeter was used to measure regional hemo-
globin oxygen saturation in the cerebral cortex (CsO,, left frontal area) and from the left calf muscle (PsO,) in 40
volunteers donating 470 mL of the whole blood. A Critikon 2001 Cerebral Redox Instrument was used to monitor total
(tHb), oxygenated (O,Hb), and deoxygenated (HHb) hemoglobin in the right calf muscle. The oxygenation index, [HbD]
= [O,Hb] - [HHb] was derived. CsO, decreased by a mean (95% ClI) of 2 (1-3.3%) (P < 0.001), PsO, decreased by a
mean (95% ClI) of 3.2 (1.7-4.6%) (P < 0.001), and HbD decreased by a median (95% CI) of 6.4 (2.65—-10.16) AuM/cm (P
< 0.001) during blood collection. There was an inverse correlation between blood loss and CsO, (R = -0.59, P < 0.001),
PsO, (R = -0.61, P < 0.001), and HbD (R = -0.5, P < 0.001). Regional tissue oxygenation decreases in proportion to
uncompensated blood loss. Near infrared spectroscopy may potentially be developed into a transfusion trigger.

KEYWORDS—Transfusion, regional oxygen saturation, oximetry, INVOS, Critikon



* Sivi replasmani yapilmayan kanama
durumunda (gonulli kan verme)

* NIRS ile kan volUumu arasinadi iliski arastiriliyor



40 gbnulla kan verici calismaya aliniyor

Sol frontal lob CsO2 (rS02)

Sol gastrocnemius muscle (PsO2).

Boy-kilo gore total kan volimu hesaplaniyor

Oncesi, islem sirasi ve islemden 10 dk sonra hemogram
bakiliyor

NIRS dlcimleri her %2 lik volim alindiktan sonra ve islem
bittikten 5 ve 10 dk sonra

Oda isis1 20-23° C

[HbD] : [O2Hb] - [HHb]), which indicates oxygen
extraction, was then calculated.



TasLE 1. Blood donors.

*Age (years) 38 (24-53)
Men/women 27/13
5Blood volume (mL) 4800 (826)
SHemoglobin (g/L) 150 (14.6)
*Blood loss (% blood volume) 10 (9-12)
*Collection time (min) 5.4 (4.6-6.5)

Values are *median (interquartile range) and ®mean (standard devia-
tion).
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Fiz. 1. Median (interquartile range) systolic and diastolic blood pres-
sure remaining stable during and after blood donation.
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Fic. 2. Changes from baseline for Cs0, (] ) and PsO, (l). Values are
means and 95% CIl. Both trends were statistically significant (P < 0.001,

RM-ANQOVA). *P < 0.05 on post hoc test (RM-ANOVA).

PsO2 falls were
more pronounced
and showed a better
relationship with
blood loss than
CsO2
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Fic. 4. Changes from baseline for tHb (] ) and HbD (!). Values are
medians and 95% CIl. Both trends were statistically significant {tHb, P =
0.003; HbD, P < 0.001, Friedman test). *P < 0.05 on post hoc test (Wilcoxon
rank sum).



Sonuc

Kan kaybi ile ;
—rS02; (R: -0.59; P < 0.001) ve
— PSO2; (R:-0.61; P <0.001).

Arasinda ters yonde guclu bir korelasyonun
oldugunu

NIRS'in kan kaybinin degerlendirilmesinde
Non-invazif ve
Etkili bir ydntem oldugunu ifade ediyorlar



KARDIOPULMONER BYPASS SIRASINDA GELISEN ANEMININ
SEREBRAL KORTIKAL OKSIJEN SATURASYONUNA ETKISI

I’'m pleased to advise you that the Editorial Board has completed
the review of your manuscript

"EFFICACY OF NEAR-INFRARED SPECTROMETRY FOR
MONITORING THE CEREBRAL EFFECTS OF SEVERE DILUTIONAL
ANEMIA" (#293).

The Board would like to accept the manuscript for publication in
The Heart Surgery Forum
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AMAC

» KPB sirasindaki diistik Hb degerlerinin
guvenilir olup olmadigini serebral oksijen
saturasyonu (rSO2) takibi ile gostermek



Materyal-metot

»32 " C hipotermik KPB sirasinda;

» Anemi grubu: herhangi bir donemde Hb < 7
gr/dl olan 15 hasta

» Kontrol grubu: en diistik Hb>8 gr/dl olan 15
hasta

» Standart monitorizasyonuna ilaveten, rSO2
monitorizasyonu

ACIBADEM



Minimum Hb degerindeki
Sag hemisfer oksijen saturasyonu degisimi

S Gl (hnemi Gl (Konrol

Baslangic rSO2 (%) 52+ 9 66 = 6
Min Hb (g/dl) 6,2 = 0,4 10,3 = 1,3
rSO2(%) 49 + 7 58 + 6
Yiizde degisim % 5,7 % 12

ACIBADEM



Minimum Hb degerindeki
Sol hemisfer oksijen saturasyonu degisimi

S Gl (hnemi Gl (Konrol

Baslangic rSO2 (%) 54 + 6 69 = 7
Min Hb (g/dl) 6,2 = 0,4 10,3 = 1,3
rSO2 (%) 50+ 7 58 + 6
Yizde degisim % 7,4 % 11,5

ACIBADEM



Sonuc

» KPB sirasinda 6 gr/dl ye kadar olan
hemoglobin degerlerinde

»pompa kan akimu,

»ortalama arter basinci

»oksijen parsiyel basincinda yapilan ayarlamalarla ve
»1SO2 monitorizasyonu ile

transfiizyona gerek kalmaksizin yeterli serebral
oksijenasyonun saglanabilecegi kanisina
vardik.
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