Neurecagnitive dysfunction, pest: cardiac
surgerny: How common Is it:and why dees it
nappen?
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Modern Heart Lung Machine

Heart-Lung Machine
Pump returns oxygenated blood
to the aorta, which delivers

it to the rest of the body.
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LONGITUDINAL ASSESSMENT OF NEUROCOGNITIVE FUNCTION
AFTER CORONARY-ARTERY BYIPI'ASS SURGERY

Mark F. Newman, M.D., Jerry L. KircHner, B.S., Bareara PHILLIPS-BuTe, PH.D., VincenT Gaver, B.S.,
HiLary GrocotT, M.D., Roeert H. Jones, M.D., Danier B. Magrk, M.D., JosepH G. Reves, M.D.,
AND James A. BLumenTHaL, PH.D., For THE NEURoLOoGIcAL OuTcomE REsSEaRcH GROUP
ANMD THE CARDIOTHORACIC ANESTHESIOLOGY RESEARCH ENDEAVORS INVESTIGATORS™

= |ncidence of cognitive decline
was:

Discharge — 53%
Six Weeks - 36%
1. ~ Six Months - 24%
ol ™ Five Years - 42%
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= Pattern of early improvement

Discharge ~ 6Wesks 6 Months followed by a later decline.
Time of Evaluation

|
]
[=1

o
Beth Israel Deaconess
/ Medical Center




Neurologic dysfunction: Van Dijk et al.
Octapus study. JAMA 2007

281 low-risk CABG patients. Five years after their surgery,
surviving patients were assessed

When using a standard definition of cognitive decline
50.4% of OPCAB pts and 50.4% of std CABG pts had
cognitive decline

When a more conservative definition of cognitive decline
was used, 33.3% of OPCAB pts and 35.0% of std CABG pts
had cognitive decline

No differences were observed in anginal status or quality of
life.

The authors conclude that in low-risk patients undergoing
CABG surgery, avoiding the use of cardiopulmonary bypass
had no effect on 5-year cognitive or cardiac outcomes.
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|ncidence of Adverse Cerebral Outcomes:
|s there a difference with off pump vs.on pump?

Stroke

Delirium
A

13 83 Short term
-~ o0 cognitive changes
20 — 60% Long ferm
cognitive changes
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Possible Risk Factors — Multi-factorial

Acid-base
balance

Aortic - FVD y |

atheroma DM
>2mm

I
History

cerebrovascular

disease : _
Hemofiltration

T transfusion
requirements




CABG (?Bypass)-Induced Brain Edema

8 Pre-Op Post-Op
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Small Capillary Arterial Dilitations (SCADs) in Brain Tissue at
Autopsy after, CPB CABG
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SCADs Related to Exposure of
Cardiotomy Suction Blood

I — a1
No

Cardiotomy Cardiotomy
Suction Suction

Exposure Exposure

Beth Israel Deaconess Brooker R et al. Ann Thorac Surg R Harvard
, Medical Center 1998;65:1651 =% / school
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Reduced Manipulation of the Ascending Aorta During
Coronary Surgery Improves Neurocbehavorial Qutcome.

NINDS, JW Hammon, P.l., DA Stump, Co-P.l., Dates: 1999-2004.
J Thorac Gardiovasc Surg. 2006 Jan;131(1):114-21.

Neurobehavioral Outcomes in High Risk CABG Patientse
Multi- Single- OPCab

Clamp Clamp

One Week
One Month

Six 57% 29% 32%
Months*

4 @No aprotinin Six month comparisons; p = 0.007, All Groups; p = 0.035,
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Odds Ratio of a Persistent Deficit at 6 Months

Multi Risk = 3.7 >
Single

OPCAB Risk = 3.5 >
Single

Odds Ratio
(95% Confidence Interval)
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Platelet Administration and Qutcomes (Multivariate
Logistic Regression Analysis)
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Entrapment of Platelets in Ischemic
Brain Tissue

1 Nonischemic Control

Ischemic Group
*

Labeled

111

Indium
(3]
(e ]
|

—
£
—
7
wid
=
S
o
O
S
)
wid
Q9
O
wid
s
o

—_—

Adult Neonatal
Cerebral Ischemia Sheep Model
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Cerebrovascular. response to
Serotonin post-CPB

~—{1+— Control
—4&— Normothermic CPB-15 min

—— Normothermic CPB-60 min
—O0— Hypothermic CPB-15 min
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C-Reactive protein and inflammatory
response assoclated to neurocognitive
decline tollowing cardiac surgery

Basel Ramlawi, MD," James L. Rudolph, MD.” Shigetoshi Mieno, MD.” Jun Feng, MD, PhD."
Munir Boodhwani, MD,* Kamal Khabbaz, MD." Sue E. Levkoff, ScD.® Edward R. Marcantonio, MD,®
Cesario Bianchi, MD, PhD." gnd Frank W. Sellke, MD." Boston, Meass

Serologic Markers of Brain Injury and Cognitive Function
After Cardiopulmonary Bypass

Basel Ramlawi, MD,* James L. Rudolph, MD, 7| Shigetoshi Mieno, MD,* Kamal Khabbaz, MD,*
Neel R. Sodha, MD,* Munir Boodhwani, MD,* Sue E. Levkoff, SeD,}
Edward R. Marcantonio, MD,3 and I'rank W. Sellke, MD*

(Ann Surg 2006;244: 593—-601)

Mean Fold Change of | nflammatory Markers
(Pre-op vs. 6hrs post-op)

IL-6

'ENCD B NoNCD i Medica




Blood
Methods

[ Pre-operative } [ ICU }
(After Induction)/ 6 hours post-op

mRNA
extraction 3
—> from i Validation
whole '
blood

(RT-PCR)

«Sample assays were all performed in duplicate via blinded analysis.
- Each patient serves as their own control for intra-patient gene
expression comparison (pre vs. post).
» Immediate MRNA stabilization / extraction from whole blood using

PA X gene Qiagen system. - RNA integrity confirmed by gel electrophoresis (A620/A280
ratio 1.7-1.9).

*Affymetrix GeneChip U133 Plus 2.0 (>40,000 genes).
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Unsupervised / Hierarchical Clustering

(Entire Genome)
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Uprequlated Genes Downregulated Genes
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Upregulated Genesin
NORM Patients
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Gene
Regulation Patient Gene Ontology Pathway Genes
(6H vs. PRE) Group Observed  p-value
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Antigen Presentation Pathway

NCD Group NORM Group
Downregulated Upregulated
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Summary

Type 2 CNS injury remains a common complication early post-CPB (40%).

Patients with type || CNS injury have inherent differences in their gene
expression response post-CPB.

Genetic pathways that were differentially expressed include:
= |nflammation and oxidation homeostasis
|mmune response, antigen presentation and T cell activation.
Anti-Apoptosis/ Apoptosis induction
Cell-cell adhesion
Blood coagulation

May play a beneficial role for future pre-operative prediction (risk-assessment)
or patient-tailored therapy.

- Small sample size

& - Multiple comparisons S
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What can we do to Limit Neurologic Injury after Cardiac Surgery in
High Risk Patients?

Provide optimal cerebral perfusion during surgery
Limit aortic manipulation
Provide a quick, good operation

Pharmacologic interventions (eg, serine protease
iInhibition) to limit inflammation

Minimize bleeding
Maintain tight control of blood sugar
Appropriate timing of surgery and patient selection
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