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StephenA Mills: Cerebral injury and cardiac operations. Ann
Thorac Surg 1993;56:586-91
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16,184 cardiac surgery 4.6%
CABG 8,917 ( beating heart 1,842) 3.8% (1.9%)
aortic valve surgery 1,830 4.8%
mitral valve surgery 708 8.8%
double or triple valve surgery 381 9.7%
CABG and valve surgery 2,506 7.4%

Bucerius,J; Gummert,JF; Borger,MA: Stroke after cardiac surgery: a risk factor
analysis of 16,184 consecutive adult patients. Ann Thorac Surg. 2003 Feb; 75(2):
472-8
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f& b 5 7 Type | FFRAE Type 11 FHKRIAE
o Esh kAL |4.52 [2.52 to 8.09]"
HERGHRE 3.19 [1.65 to 6.15]
i 1ABP 2.60 [1.21 to 5.58]
PRI 2.59 [1.46 to 4.60]
7 JfiL s 97 5 2.31 [1.20 to 4.47]
Ji I 58 2.09 [1.14 to 3.85] |2.37 [1.34 to 4.18]
AR BLEIEE 1.83 [1.03 to 3.27]
ER (N 104F) | 1.75 [1.27 to 2.43] |2.20 [1.60 to 3.02]
ABEW gk > 180 mm Hg 3.47 [1.41 to 8.55]
PN 52 2.64 [1.27 to 5.47]
CABG 3 2.18 [1.14 to 4.17]
REE LERE 1.97 [1.12 to 3.46]
PUE ML EV8 9T 1.78 [1.02 to 3.10]

CABG = coronary artery bypass graft surgery; IABP = intra-aortic balloon pump.
*Adjusted odds ratio [95% confidence intervals] for type | and type Il cerebral outcomes associated with
selected risk factors from the Multicenter Study of Perioperative Ischemia.

Arrowsmith JE, Grocott HP, Reves JG, et al: Central nervous system complications of cardiac surgery. Br
J Anaesth 84:378, 2000.
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Karkouti,K; Djaiani,G; Borger,MA: Low hematocrit during cardiopulmonary bypass is
associated with increased risk of perioperative stroke in cardiac surgery. Ann Thorac
Surg 2005 Oct; 80(4): 1381-7
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Lahtinen,J; Biancari,F; Salmela,E: Postoperative atrial fibrillation is a major cause of stroke after
on-pump coronary artery bypass surgery. Ann Thorac Surg 2004 Apr; 77(4): 1241-4

Murdock,DK; Rengel,LR; Schlund,A: Stroke and atrial fibrillation following cardiac surgery. WMJ.
2003; 102(4): 26-30
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« IR Hrvs CPB
MRHFE  WAI  odds ratio 95%Cl P

Stroke 38 34126 0.55 0.34-0.69 0.0000006
« BT RFEFRRELE
JamesT Raston, Stephend Tregear , Charles M Turkelson: Meta-Analysis of short-

term and mid-term outcomes following off-pump coronary artery bypass grafting. Ann
Thorac Surg 2003; 76:1510-5
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On-pump Off-pump
173 (80%) 44 (20%)
e 2d 4d

Odds 5.3 (95%Cl: 2.6-10.9: p < 0.01 )

o« Z518: On-pumpHistroke RAERE, HI
B, PERRENHARE

Peel,GK; Stamou,SC; Dullum,MK: Chronologic distribution of stroke after minimally
invasive versus conventional coronary artery bypass. J Am Coll Cardiol. 2004 Mar 3;
43(5): 752-6
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Figure 2. Scanning electron micrographs of 40-micron arterial line filters after clinically
uneventful cardiopulmonary bypass
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Neurocognitive Function and Cerebral Emboli:
Randomized Study of On-Pump Versus Off-Pump
Coronary Artery Bypass Surgery

Reza Motallebzadeh, MRCS, J. Martin Bland, PhD, Hugh S. Markus,
FRCP, Juan Carlos Kaski, MD, DSc, and Marjan Jahangiri, FRCS

Departments of Cardiac Surgery, Clinical Neuroscience, and Cardiological
Sciences, St. George’s Hospital Medical School, London, and Department of Health
Sciences, University of York, York, United Kingdom

Ann Thorac Surg 2007;83:475-82
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CPB Off-pump
BFEE 1605 (751, 2473) 9 (4, 27)

INFIThRE: HiBERTCPB4HZE T Off-pump (P=0.01
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Difference in Neurocognitive Score, SDs

(pre-discharge minus baselinc)
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Genomic expression pathways associated
with brain injury after cardiopulmonary
bypass

By Basel Ramlawi, MD,a Hasan Otu, PhD,b James L. Rudolph, MD,e
Shigetoshi Mieno, MD,a Isaac S. Kohane, MD, PhD,c

Handan Can, PhD,b Towia A. Libermann, PhD,b Edward R. Marcantonio, MD,d
Cesario Bianchi, MD, PhD,a

and Frank W. Sellke, MDa

J Thorac Cardiovasc Surg 2007;134:996-1005
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Celluler Energy failure (depletion of ATP and phosphocreatine) \’

Ansercbie Metabolizm t Hypoxanthiné ———
Inhibition of Na"-K* ATPase Membrane Pump
Ingreased lactate and acidosis
Nz Influx end K" Efflux {prolonged membrane depolerization)
|

¥ | T A Endoplasmic reticulum CAY release
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Epinephrine ~ Vasogenic edema DAMASE
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Hogue, C. W. et al. Anesth Analg 2006;103:21-37

Copyright restrictions apply.
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Yaku,H; Doi,K: Off-pump coronary artery bypass via median
sternotomy. Kyobu-Geka. 2006 Jul; 59(8 Suppl): 607-13
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Keenan,DJ; Pullan,DM; Dihmis,WC: Coronary surgery in patients with
peripheral vascular disease: effect of avoiding cardiopulmonary bypass.
Ann Thorac Surg. 2004 Apr; 77(4): 1245-9
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CBP Off-pump
AN 2002 738
KA 21%  0.9%
Odd ratio 2.6 (1.2-5.9)

Zangrillo,A; Crescenzi,G; Landoni,G: Off-pump coronary artery bypass grafting
reduces postoperative neurologic complications.
J Cardiothorac Vasc Anesth. 2005 Apr; 19(2): 193-6

Sharony,-R; Grossi,EA; Saunders,PC: Propensity case-matched analysis of
off-pump coronary artery bypass grafting in patients with atheromatous aortic
disease. J Thorac Cardiovasc Surg. 2004 Feb; 127(2): 406-13
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gL HL. A B

R 24/627 (3.82%)  2/761 (0.26%) (p<0.001)
A HIBEI % 12/627(1.91%)  0/761 (p<0.001)
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De Feo,M; Renzulli,A; Onorati,F: The risk of stroke following CABG: one
possible strategy to reduce it?
Int J Cardiol. 2005 Feb 15; 98(2): 261-6
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Djaiani,GN: Aortic arch atheroma: stroke reduction in
cardiac surgical patients. Semin-Cardiothorac-Vasc-
Anesth. 2006 Jun; 10(2): 143-57
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Table 3. Prospectively Randomized Clinical Trials of the Effects of Acid-Base Management During CPB on Neurologic Complications
After Cardiac Surgery

Study n Findings

Murkin et al (134) 316 Frequency of cognitive impairment no different between a-stat and pH-stat management
using primary endpoints, Subsequent analysis suggested a benefit with a-stat when
CPB duration >90 min (P = 0.047 versus pH-stat). Whether there was correction for
multiple comparisons is not clearly stated.

Bashein et al (154) 86 No difference in psychometric endpoints 7 mo after CABG surgery for patients
undergoing CPB with a-stat or pH-stat management.

Stephan et al (155) 65 Neurologic deficits (mostly cerebellar and cranial nerve deficits) more common 7 days
after surgery with pH-stat versus a-stat management. Psychometric testing was not
performed and long-term results were not reported.

Patel et al (156) 70  Frequency of cognitive dysfunction 6 wk after CABG surgery was not different between
groups undergoing CPB with pH-stat versus a-stat management using predefined
endpoints, Patients with cerebrovascular disease or diabetes were excluded from
study. A benefit of a-stat management was found when the definition of cognitive
decline was changed during post hoc data analysis from >2 sp decline from baseline
on >2 tests to decline on >3 tests.

CPB = cardiopulmonary bypass; CABG = coronary artery bypass gratt

Hogue, C. W. et al. Anesth Analg 2006;103:21-37

ANESTHESIA & ANALGESIA
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pH-stat vs. alpha-stat
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E}&Aﬁﬁlﬂ\ ﬁéﬂ&ﬂ Optimal blood gas management during

{Halpha-statEEB{€ 54T deep hypothermic paediatric cardiac surgery:
alpha-stat is easy, but pH-stat may be
preferable. Paediatric Anaesthesia
2002;12:199-204
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Monitoring Brain Oxygen Saturation During
Coronary Bypass Surgery: A Randomized,
Prospective Study

Department of Anesthesiology and Perioperative Medicine; Clinical
Perfusion Services; and Division of Cardiac Surgery, University Hospital-
LHSC, University of Western Ontario, London, Ontario, Canada.

Anesth Analg 2007;104:51-58
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Table 1. Preoperative Demographic and Momphometric Data

Control Intervention
{n = 100) {n = 100) P-value
Age (yr) 61.8 = 10.3 618 =93 0.95
Age =70 yr 24 24 1.0
Age =80 yr 1 1 1.0
Gender (male/ 88712 87/13 0.83
fernale)
BMI 297 +59 295+ 4.2 0.79
CCS angina 317 = 0.5 3.05 = 067 0.17
SCOTE
Grade of 1.56 = (.84 143 = (.64 0.24
ventricle
Grade Il or IV 13 8 0.25
ventricle
Recent MI 5 ] 1.0
CHF 2 4 0.34
Type 1l DM 21 21 1.0
{non-insulin)
Type 11 DM 7 8 0.79
{insulin)
Renal 5 12 0.08
insufficiency
TIA 5 1 0.11
CVA 7 7 1.0
COPD 19 16 0.58

BMI is Body mass index; CCS is Canadian Cardeovascular Sociaty anging scom from 0 to 4
where increasing grade redlects increased severity of anginal symptoms; Grade of ventricle is
@ qualitative categoncal clinical estimate of gobal venincular functgn from I i IV where
increasing grade reflects ncreased severity of el vemricular (LY) dysfunction; Recent Ml s
myocardsl infarction =30 o of acceptance for surgery; CHF is diagrosts of congestive hear
Failure; Type Il DM (non-insulin) i diagnasis of non-insulin-dependent diabetes mellitus; Type
VDM {inguwlin] is diabetes mellitus cheonically treated with induling Rendl irguffcagncy s Seum
créatining =120 mg@/l TIA & history of lrantient ischemic attack; CVWA is history of
cembmvasoular sccident COPD & history of chmnic ohstnective pulmonary diseasa,



Table 2. Perioperative Varables and Cerebral
Oximetry Parameters

Control Intervention P-value®
Concomitant 4 2 .68
procedures
OPCAB a8 5 0.568
Mumber of 244 = 083 3.12 = 0.95 0153
grafts
CPE (min) B7.7 = 65.2 BH.7 = 38.7 08097
Clamnp-tinne 574 > 235 50.4 = 23.2 0500
{mmin)
Single clamp (i) 48 =8 016
Hek (%) 238 + 34 24.3 = 3.2 0354
Her <20 (1) 8 4 0.37
Aprobinin {#) Gt 853 0031
pRBL () 10 a8 0.805
FRBC (units/pt) 34 + 38 2.9 + 1.6 0.365
henvlephrine 21 8O 0.165
{ar}
Fhenylephrine 2616 = 2194 2852 = 2205 QLes7
(i)
*ienl:;slallnn tHire 14.7 = 233 11.4 = 9.3 0113
{h)
ICU duration {d) 187 = 2.67 1.25 = 0.84 0029
TCU =2 d (re) 12 5 Q.81
ICU =5 d () 4 1 0.211
LOS (d) &9 *= 55 &1 = 4.4 0204
LOS =7 d (m) 20 19 0.009
LOS =10 d (rr) 14 & 0063
rS0;, baseline 6.9 = 7.2 o e | 0.188
rS0, mean a3.4 >+ 6.5 A3.6 >+ 6.9 0.858
r50, mininnan 469 x 7.2 45.1 = 8.7 0.134
S0, AU <75% 1175 = 2937 1009 = 1342 0148
baseline
rSOy ALNC -=—40% G2 = 248 55 = B s ]
rS0, ALNC <<70% & (5% O (O 0.014

bkaseline
=150 mmin ()

Caonomiant Protedunes ane patients in whom an additeonal procsduns: was perforssd
‘coincident with comnany nrvascularization: BPCAR & off-pump cononan amery bypass sugeny:
H ks Eha mean oweest caediopuimonan bypass (CPE) hematocnt: Hot <2 0% s pabents with
Het - 20% during CPE; Aprotinin s pabents receidng T m KU agrobrin durieg CPB: pRELC s
POl eCeiwing ofe O MR unilts patked red blood cell Phemykehnng i the numibes of
paLErts Admarislentd o0 TR Satghe Clamyd if Cnidt-dlamp wilfsduwl Subdsdquesr pbiial sdic
clamp; e50, is negional coygen saturation; AU s anea under cunve of cumidatree rS0, values
~=ghmeshokd; 10U 5 imenssss cass unit; LIS is bength of stany.

= Poalue mfiects sesyits of -best, Wicoun's ank sum, or Fisher's eact tesl.



Table 3. Intent-to-Treat 30-D Postoperative Morbidity
and Montality

Control Intervention
{rr = 100} {x = 100 P-value

Myocardial 3 1 0La2
imfarcton
Lse of IABP - 3 1.0
Mew orset 4 1 03685
stroke”
Mediastinitis” 1 0 0.50
Septicemia 1 ¥ 0.50
Wound infection 2 7 1.0
Ventilatory time 10 3 0.082
=24 h
Arrhythmia 2 0 0. 497
requiring
Ireatmment
Feoperation for 1 1 1.0
bleeding”
Surgical 1 Q .50
reintervention”
Renal Failure L] Q
requiring
dialysis®
=7 d Duration of 18 11 0227
postaperative
hospitalization
Readmission to 5 B D567
hospital within
30 d
Death” 1 Q .50
Sternal infecHon 7 5 0.767
Venﬁlatur}r Hime F- 1 L3568
=48 h*
Patients with =1 3 23 0335
complication
{ri)
MOMBBI (1)" 11 3 0048
MOMM =1 ()" 1 0 1.0

MOMM B Major onZan morbidity and morality & Saiwd from Society of ThOMGK Surgeons
databass amahysis (1 comprisad of werisides denotsd with =, MOMM =1 s nombar of
patients axperancng mone than ona MOMM awent; LABP is inraaotic balloon pump.



Table 4. Coronary Bypass Only, 30-d Postoperative Morbidity
and Mortality

Control Intervention
(n = 986) {n = 98) P-value

Myocardial 3 1 0.365
infarction

Use of IABP 3 2 0.650

MNew onset stroke” 4 1 0.209

Mediastinitis” 1 0 0.495

Septicemia Q 0

Wound infection 7 7 1.0

Ventilatory time & 2 0.056
=24 h

Arrhythmia 2 0 0.243
requiring
treatment

Reoperation for 1 1 1.0
bleeding”

Surgical 1 0 0.495
reintervention”

Renal failure Q 0
requiring
dialysis®

=7 d Duration of 14 10 0.210
postoperative
hospitalization

Readmission to 4 B8 0.373
hospital within
30d

Death” 0 0

Sternal infection ) 5 0.766

Ventilatory time 4 )] 0.058
=48 h*

Patients with =1 26 22 050

complication (n)
MOMM (n)* 10 2 0.017
MOMM is major organ morbidity and maorality as desived from the Society of Thoracic
Surgeons database anahyss (1) comprised of vanables dendted with *; LABP is imraaortic
ballzon pump.




Table 5. Type of Cerebral Regional Oxygen Saturation (rS0.)
Interventions in the Intervention Group

Mo. of o
Intervention patients Efficacy

Raise pump flow 39 67
Eaise MATD 42 62
MNormalize Paco, 34 50
Deepen anesthesia 27 48
Increase Fios 28 43
Pulsatile perfusion 6 17

Md, Of patients indicates IROSE patiems in whim & Speilic intenvenhdn wis undetaken, %
Efficacy indicates those instances in whom the intervention was successhl in mstonng 50,
For soemé patients muliph irtersentions wén used al vanous interals such that Moo of
pateents is larger than the Intersertion geoup o1al. MAP 5 mean aferal blood prassuma,



O Control (n=100)

O Intervention

(n=100)

% % % %%
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Figure 1. R/G30RFET-M T E R B EME

*

CVA is cerebrovascular accident; >48
Ventilation is patients ventilated
postoperatively for >48 h. *Overall incidence: P
= 0.048.
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A y =67.7 -0.36 Mean rSO;
(" =0.29, P <0.05)
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Figure 2. LOS is postoperative length of stay. rSO, is
regional cerebral oxygen saturation. Linear regression
analysis of mean intraoperative rSO, in patients with
prolonged hospitalization of 10 or more days demonstrating
a correlation between lower values of rSO, and increased
duration of prolonged hospitalization.
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Fudickar et al. BMC Anesthesiology 2011, 11:7
httpy/www.biomedcentral.com/1471-2253/11/7 BMC

Anesthesiology

RESEARCH ARTICLE Open Access

Postoperative cognitive deficit after
cardiopulmonary bypass with preserved cerebral
oxygenation: a prospective observational pilot study

Axel Fudickar, Sonke Peters, Claudia Stapelfeldt, Gotz Serocki, Jorn Leiendecker, Patrick Meybohm,
Markus Steinfath, Berthold Bein
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Figure 1 Cerebral oxygen saturation (c50,) at points of
interest before induction of anaesthesia (Baseline), during
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Figure 2 Correlation of severity of postoperative
neurocognitive deficit (POCD) defined as the number of tests
with clinically relevant decline (decrease of postoperative test
results below 80% of preoperative baseline) after cardiac
surgery with minimal <50, during cardiopulmonary bypass by
trend (p = 0.015, r* = 0.44, without Bonferroni correction).
POCD was imvestigated by a set of live neuropsychological tests 1
day belore and 4 days alter heant surgery with cardiopulmanary

by pass.
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Randomized, Double-Blinded, Placebo Controlled Study of
Neuroprotection With Lidocaine in Cardiac Surgery

Joseph P. Mathew, MD; G. Burkhard Mackensen, MD, PhD; Barbara Phillips-Bute, PhD:
Hilary P. Grocott, MD; Donald D. Glower, MD; Daniel T. Laskowitz, MD;
James A. Blumenthal, PhD; Mark F. Newman, MD:
for the Neurologic Outcome Research Group (NORG) of the Duke Heart Center®

stroke,2009:40:880-887
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Table 2. Multivariable Linear Regression Model Predicting
Cognitive Change (continuous outcome) at 6-Week Follow-Up

Parameter Estimate

Variable DF (95% confidence limits) P Value
Age 1 —0.009 (—0.012 to —0.005) <20.001
Years of education 1 0.012 (—0.002 to 0.027) 0.098
Welght 1 0.002 (—0.0001 to 0.004) 0.070
Preoperative cognitive

Index 1 —0.264 (—0.372 to —0.156) <20.001
Lidocalne treatment 1 0.074 (—0.016 to 0.164) 0.108
Diabetes 1 0.031 (—0.111 to 0.172) 0.671
Diabetes - Lidocaine 1 —0.291 (—0.489 to —0.093) 0.004

*DF Indicates degrees of freedom.

Lidocaine 58 RWAZ EAEH —A G AFHF KB E T

P=0.004
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Table 3. Multivariable Linear Regression Model Predicting
Cognitive Change (continuous outcome) at 6-Week Follow-Up
in the Lidocaine Group Only

Parameter Estimate

Variable DF (95% confidence limits) P Value
Age 1 —0.006 (—0.011 to —0.008) 0.024
Preoperative cognitive

Index 1 —0.208 (—0.336 to —0.079) 0.002
Diabetes 1 —0.283 (—0.42510 —0.142) = (0.001
Lidocaine dose, mg/ka 1 —0.008 {—0.015 to —0.001) 0.029

*DF indicates degrees of freedom.
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DT KR AWFUEN : FERAE
X, HBEWRE

+ [ AR
» BN BTIRE
» BIMNORIAEMFHE, LIRENOS RHEEE

l\,_'.‘
« PLEM
o FPHIR M RN
o HEEVHT

o« TREBILTELR




] el
« YT REELER R R A AT B TR ?

HEE !

» RRFEA LML E A B S48 0

Mathias Endres: Statins and stroke. J Cereb Blood Flow Metab 2005:25,1093-1110



* FPBBER O

« N7 (FHit

Melatonin

/

)

Sp S R

D R I

T ES




Comparisons ranked by effect size
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Malcolm R. Macleod, Tori O'Collins, Systematic review and meta-analysis of the efficacy of melatonin
in experimental stroke. Journal of Pineal Research 38 (1), 35-41, 2005

X = Mltnn.

[
|
W
— |
u
[]
- .
.
.
-
il
»
——
b
—y
._ " R
»—g
———— 1
-—70
. 1
. 3 -
- .
> .
‘ "
- 5
_‘ ;
»
» -
[ 1]
B g T 40%
L T .l L] Ll
0.8 0.6 0.4 0.2 0.0 —0.2

1.0

Effect size

0,903 (0.523—1.283);
0.826 (0.470—1.182);
0.808 (0.299—1.317);
0. 788 (0.422— 1.154);
0.752 (0.528—0.975);
0. 7AT(0.271—1.223);
0.675{(0.608 —0.742);
0.631{0. 260 —1.00:2);
0. 624(0.327—0.921);
0.612(0.338—0._886);
0.588(0.379—0.7T97);
0. 565(0.482—0.648);
0.557({0.424— 0.690);
0. 555(0.301—0.809);
0. 488(0_202—0.774);
0. 484{0_280—0.688);
O 45301 02— 0. 824);
0. 462(0_387—0.537);
0. 458(0.144— 0. 772);
0. 454{0.013— 0_BO5);

0, 444{—0, 5451 ,433),

04280 123—0.733);
041 2{0.1 35— 0,685},

0.407{—0.039— 0.853);
0. 3FF—0.644—1.310);
0.305(—0.156— 0.766);
0.256(—0.723—1.235);
0.237(—0.209— 0.683);

0,428 (0,393 —0.453);

= 20: Pai, 2002
n="16; Pai 2003
me=11; Pel 2003
n="148; Pai 2002a
n=12; Joo. 1958
n="1 3; F'-m.Eﬂﬂﬂ
n=32; Laa, 2004
n="14; P=i 20025
n=15; Pai 2003
=18 Pegi, 2003
n=15; Sinha. 2001
M= 24 SGupla, 2002
n=g; Pekar, 2000
n=16; Pai, 20020
M= 13; Pai, 2002k
ri=21; Torim, 200
=19 Pai 2002
n=14; Kilic, 1595
n=15; Pei, 20020
n=14; Pai, 200250
= 1-4; Lirg,1959
n=17; Peai 2003

n=22; Borlangan 2000

n=&; Sun, 2002
n=13; Lirkg, 1959
n=8; Sun, 2002
= 13;: Ling,1959
M= B; Swimn, 2002

mn=432; P=10-""



AMEBIE I HI 25
pexelizumab (A CS5H.FEREHIA)

* HUBE. FEHL. XXE. XIR
* 9145/ A

H\E\\ ”/:' llﬁiﬂe

- WE. KJ54d. 30diA%

1T RESE

C R UM AEEARE (P=0.003)
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Table 4. Randomized, Placebo-Controlled, Trials of Pharmacologic Neuroprotection for Adults Undergoing Cardiac Surgery

Proposed primary Type of
Drug mechanism Author ] SUrgery Main findings
Thiopental 1l CMRO, MNussmeier et al 182 Valvular Thiopental | cognitive complications 10
(222) days after surgery.
Zaidan et al 300 CABG Mo difference in neurologic outcomes
(223) thiopental versus placebo.

Propofol l CMRO, Roach et al {(224) 225 Valvular No difference in cognitive complications
5=7 days or 50=-70 days after surgery
pﬂ:pﬂfz;l VErsus controls.

Nimodipine Ca*" ehannel Legault et al 150 WValvular Study terminated early due to higher

blocker (225) mortality in treated versus control
group; no evidence of benefit with
nimodipine on cognitive outcomes,

Prostacylin 1l platelet Fish et al {226) 100 CABG Mo difference in cognitive outcomes 2 wk
aggregation, | afrer surgery between treated and
inflammation control patients,

GM1 I EAA signaling Grieco et al (227) 29 CABG Pilot study finding no difference cognitive

ganglioside * outcomes between treated and control
valvular  patients.

Remacemide NMDA receptor Arrowsmith et al 171 CABG Remacemide led to better performance on
antagonist (228) 3 of 10 Em chometric measures and

better global cognitive function.

FPegorgotein Antioxidant Butterworth et al 67 CABG Study stopped before completion: no drug

(229) benefit in reducing the rate of
neurccognitive dysfunction.

Aprotinin Mechanismi(s) Levy et al (230) 287 <CABG Mo strokes in “high” and “low"” dose
unknown; aprotinin groups versus controls (n = 5)
maybe due to | and “pump” prime only {(# = 1) groups
inflammation / (P = 0.01).

1 pericardial Harmon et al 36 CABG Cognitive deficits & weeks after surgery
aspirate (231) lower in aprotinin versus placebo group
(23% versus 55%, F < 0.05).

Lidocaine Ma+ channel Mitchell et al 55 Valvular Neurocognitive outcome better 10 days
blockade; (232) and 10 wk after surgery in lidocaine
membrane versus placebo group but not at 6 mo.
stabilization/ | Wang et al (233) 42 CABG Improved neurocognitive function 9 days
EAA release after surgery with lidocaine versus

lacebo.

Clomethiazole GABA receptor Kong et al (234) 219 CABG o difference in neurocognitive function
agonist 4=7 wk after surgery in clomethiazole

versus placebo groups,

Pexelizamalb l C5a and C5b-9 Mathew (235) B CABG Pexelizumab had no effect on global

cognition but did lower decline in the
visuo-spatial domain compared with
placebo.

CMRQ, = cerebral metabolic rate for cxygen: CABG = corgnary artery bypass grafts: EAA = excitatory aming ackd: NMDA = MN.methyl-o-aspartate; GABA = gamma-aminobutyric acid.,

Hogue, C. W. et al. Anesth Analg 2006;103:21-37
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Kenneth G Shann et al: An evidence-based review of the practice of cardiopulmonary bypass in adults: A
focus on neurologic injury, glycemic control, hemodilution, and the inflammatory response. J Thorac
Cardiovas Surg 2006;132(2):283-90



Evidence-Based Ratings for Pharmacologic and Nonpharmacologic Neuroprotection
during Cardiopulmonary Bypass

Table 6. Evidence-Based Ratings for Pharmacologic and Nonphamacologic Neuroprotection during
Cardiopulmonary Bypass (see Text and Table 5 for Criteria)

Intervention Rating
Heparin-bonded CPB circuits Class Indeterminate
Epiaortic ultrasound-guided changes in surgical approach Class IIb
Modified aortic cannula Class Indeterminate
Leukocyte-depleting filters Class Indeterminate
Cell-saver processing of pericardial aspirate Class Indeterminate
CO, wound insufflation Class Indeterminate
Maintaining “higher” MAP targets (i.e., > than lower Class IIb for patients at high risk for neurologic injury
target of 50 mm Hg)
Non-pulsatile (versus pulsatile) perfusion Class IIb (Class Indeterminate for patients at high risk for
neurologic injury)
a-stat (versus pH-stat) acid base management Class IIb (Class Indeterminate for patients at high risk for
neurologic injury)
Minimal hematocrit target during CPB of >27%* Class Indeterminate
Thiopental, propofol, nimodipine, prostacylin, GM1 Class III
ganglioside, pegorgotein, clomethiazole
Remacemide, lidocaine, aprotinin, pexelizumab Class Indeterminate
"Tight” glucose intracperative control Class Indeterminate
Hypothermia Class Indeterminate

*The optimal hematocnit during CPB is not defined by available data. A hematocrit of >27% chosen as indicative of *high” hematocrit based on its use in available randomized trials (see text).
CPB = candiopulmonary bypass; MAP = mean artenal blood pressure,

Hogue, C. W. et al. Anesth Analg 2006;103:21-37
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Heparin-bonded circuits versus
nonheparin-bonded circuits:an evaluation
of their effect on clinical outcomes

European Journal of Cardio-
thoracic Surgery31(2007)1058—
1069
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Fukutorm 86 10 £67.00(462.00) 10 1400 00231 00) =733.00 [-LO53. 14, =412 86 ’
Hamuu 96 20 753.00(14.200 20 645.70(57.60) 104,30 (78.30, 130 30)
Muchrche 56 24 644.00(354.400 20 796 70(6L3.80) -152.70 (-536.51, 231.11) =
Biautreton 97 30 727.00(460.00) 30 &95.00(285.00) 32,00 [-161.64, 225.64] —
Beboul 97 12 430.000(249.000 12 645.00(236.00) -210.00 [—403.70, -16.30)
Fosse 97 76 S93.60{415.00) 75 835, 20{439.80) 53,40 [-78.03, L9%4.83) . I:
Irwa 99 12 209.00(L4L.000 12 263.00(L83.00) -54.00 [-L24.71, 76.71) = i
Sinci 99 0 306.00020.000 30 S50.00(35.00) =234.00 [-250.50, -Z17.50) &
Colart 00 40 9ZL1.00(467.00) 40 1157 00(546.00) =235 00 [-458 65, -132.35]
Suttotsd (95% CT) 329 323 =156 65 [~246. 04, =67.26) &>
Test for overall affect: Z = 3.43 (P = 0.0008) Favours HBC Favours NHBC
-0 -] o s B i0
Jansen 95 15 L7.40 (1. 20) 15 20.00(2, 100 =2.60 [-3.82, -L1.38) L R ( )
Adden 96 17 13,20 006.80) 17 23.40(50.00) =10. 20 ([-35.2%, l4.83]
Blarstad 96 11 L0040, 40} 1L 1.30{0. 70) -0.30 [=0.78, 0.18] .1
Crrum 96 o7 2.00(2.20) 110 1.70(1.00) 0.30 [-0.16, D.76]
Saenz 96 L] 12.1043. 60 51 14,80 (4. 40) ~2.50 [-4.07, -0.93) —a—
Baufreton 37 30 17.00(3. 200 30 19,403, 40) ~1.40 [-3.07, 0.27] ——
Beboul 97 12 $.2042. 200 12 9.80(2. 60) ~4.60 [-6.56, -2.64] —a—
Emofsson 97 12 14.40{19.50) 12 9,90 (4. 70} 4.50 [~6.40, 15.40]) o
Fosse 97 % 7.90(5. 701 78 7.90 (4. 50} 0.00 [~L.64, 1.64] e
hyS3 173 IL.00{6Z.00) 177 29.00(58.00}) 2.00 (=10.58, l4. 58] " o *
Parolari 15 10.704{2.%0 15 9,80 {3, 500 0.90 (-1.40, 3.20] —-—
Ranuct 93 442 ZL.90(17.00) 444 23,90 (20,00) =2.00 [=4.44, 0.44] —a—
Tamim 33 20 3.00(L.000 20 4.00{1.00) =1.00 [-1.62, =-0.38] -
Bieboul 00 20 3.80(2. 100 1% 4.40 (1. 60} =0.60 [=1.77, 0.57] —a
Colart 00 40 12.00(4.00) 40 13.00 {3, 00} =1.00 [-2.55, 0.55] S
Shmamcto 00 11 17.70(9. 300 1l I7.30(17.30) =19.60 [=31.21, =7.99] :—
Tayama 00 15 1L.50415.50) 12 14.00 (18.00) -Z.50 [-15.3%5, L0, 3.51 -
Mirow O A 42 S.00(2, Oy ] &, 40 (7, 20) =1.40 [-3.77, 0, e
Adden 02 & 1z 7.00(7.90) iz 7,00 (6. 70} 0.00 (-5.85, £, es]
Akdea 028 1z 4002, 40) 1z 7.00 (6. 7O -3.00 [-7.08, 1.03] —————
Baber 02 20 12.70{3, 10} 20 12,90 (2. 20} -0.20 [-2.06, 1.66] R
Toled (35% <) 1153 1155 =114 [-L.78, -0.50] L
Test for overall effect: 7 = 3.43 (P = 0.0005) Favoirs HBC Fanvoirs NHDC
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Study N HBCMen(50) N NHBC Mean(50) WMOpendom 95%CI 400 .90 0 S0 100

Borowt 55 10 72.00(16.80) 10 67.20(14.40) 4.80 (-8.91, 18.51) - (A)

Aldea 96 17 20.70(17.8%0) 17 35, 50(6L.10) =14.80 [-45.01, 15.41] —r

Mudrcke 8 24 48.90(24.00) 20 64.66(60.00) -15.7 [-43.75, 12.23] ——r—

McCarthy 98 173 9.50042.20) 177 50.9%0(40.40) -1.40 [-10.06, 7.26)

Parolar 39 15 0,301 40) 15 42.30(L.00) =2.00 [=3.79, =0.21)

Beabou 00 20 B.00(11.00) 19 42.00(L7.00) =4.00 [=12.04, 5.04) 1

Colart 00 40 4.90(16.80) 40 67.20(19,20) =2.40 [=10.31, 5.51)

Shmamoto00 11 1.20(12.20) 1L &0.00(Lé.80) -28. 80 [~41.10, -16.50] -

Heyer 02 3 3.60(14.40) 35 55 .20(67.20) =21.60 [-44.35, 1.15) —

Ranucca02A 30 2.80026.40) 30 55.20(50.40) -2.40 [-22.76, 17.%)] —t—

Ramcci02B 30 3.20009.200 30 55.20(50.40) -12.00 [-31.30, 7.30) o

Qaver 03 4 B.00(26.40) 44 %.50(0.65 -28.80 [-36.60, -21.00) -

Paltianos 03 A 52 22.00(4.00) 5L 30.00(L7.00) =7.00 [-11.79, -2.21) b

Tolel (5% Cl)  se2 499 -9, 35 (=15.17, =3.%4] L

Test for overall effect: Z = 3.15 (P = 0.002) Favours HBC | Favours NHBIC
A0 5 0 5 10

Borowet 95 10 9.0000.80) 10 9.00(0. 70) 0.00 [-0.65, 0.86) l (B)

Aldes 96 17 £.00¢2.5%0) 17 7.30(5 20 =1, 30 [=4.04, 1.44) e

Seenz 96 50 12.4003.200 5L 13.20(4.40) =0.80 (-2.30, 0.70] -

Mahoney 33 102 7.1003.100 108  9.30(13.50) -2.80 (-5.42, ~0.18] e

MeCay®3 173 8.3004.500 177 £.30(4. 100 0.00 (-0.%0, 0.%0] J

Beboul 00 20 8.2000.40) 1% 8.70(0.80) 0. 50 [-0.%0, -0.10)

Axdes 02 A 12 5.2001.00) 12 €.80(¢. 30 -1.60 [-4.10, 0.90] —d

Aldea (2B 12 5.60{2.80) 12  6.80(4 20 =1.20 (=4.10, 1.70] —fp—

Heyer 02 3% 7.30(2.20) 35 7.70(5.00) -0, 40 (2.3, 1.5]

Paldianas 03A 52 6.9043.30) 5L 6.60(L. 100 0.30 (-0.65, 1.25]

Tolel (5% Cl)  4M 492 0.3 [-0.65, -0.02)

Testfor overall effedt: Z = 2.40 (P = 0.04) Favours HBC | Favours NHEC
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RE G0k MAP 80-90mmHg

TELERES PaCO, 25-35mmHg

T E & RnE PaO,>100mmHg

pH. RBK. BiEE. o, hFEMR. KB
iEF
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BT & SAL T #94 300mg/d
WE XM 0.2mg/Kg 68
BRAFEFR  30ml/Kg.d 50Kcal/Kg.d






