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Outline
CNS complications occur more commonly

 Very Young
e In utero — synaptogenesis
e <1lyr of age
« > 2 hrs of anesthesia or repeat anesthetics
e systems are still in development

e Elderly
« > 60 years of age, co-morbidities
e ever diminishing cognitive reserve
e pre-existing genetic abnormalities
« APOE,, Presenilin 1 -2
Inflammatory genes (phenotypes)



Anesthetic Effects on the Developing Nervous System

“If you aren’t concerned,
you haven’t been

paying attention.”

Drasner, K.
Editorial
Anesthesiology 113:10-12, 2010
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Young neurons have the capacity to trigger
apoptosis quickly in response to a lack of
stimulation* and to neurotoxic insults.

* Synaptic activity may be as crucial to survival as are:
O,, ATP and CBF



Young Brains

Developing nervous system is more
susceptible to neurotoxic insults especially

during rapid synaptogenesis (brain growth

spurt) until neurons have differentiated and

migrated to their final destination.

Humans: 3'dtrimester to 1 year
postnatal.



A Title That Says It All

Early Exposure (Post natal day 7, for 6 hrs) to Common Anesthetic
Agents (1.5% Iso) Causes Widespread Neurodegeneration / Apoptosis
In Vivo in the Developing Rat Brain and Persistent Learning Deficits

Control N,O/Midaz./Iso Control N,O/Midaz./Iso Control N,O/Midaz./Iso
Posterior Cingulate/

: Anterior Thalamus Parietal Cortex
Retrosplenial Cortex

Adding a nontoxic dose of N,O to midazolam/isoflurane anesthetic
“resulted in arobust neurodegnerative (apoptosis) reaction entailing
more severe damage in the thalamus and parietal cortex.”
Also significant learning & memory deficits were
measured 19 wks after exposure. Jevtovic-Todorovic, et al:
J Neuroscience 23(3):876, 2003.



Neonatal Exposure to Sevoflurane in Mice Causes Deficits
in Maternal Behavior Leading to Death of Offspring.

*P <0.001
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Takaenoki Y; Satoh Y; et al: Anesthesiology 2014: 120(2):403-415,.




Four-fold increase in Isoflurane-induced Apoptosis
of Neurons and Oligodendrocytes in the Fetal
Rhesus Macaque Brain

Red = activate
capase-3

CONTROL

Distribution of apoptotic cell death in gray matter and white matter

. . Creeley CE et al. Anesthesiology.
of fetal nonhuman primate brain 3014, 120(3):626.638



Isoflurane-induced Neuroapoptosis in Primate Brain

FRONTAL

-
oz
=
N
Z.
-
&9
< |
>
=
|7 9]

TEMPORAL

Post natal day 6

5hrsIso 0.7—-1.5vol %
harvested 3 hrs later

Computer plots based on the number

and location of each activated

caspase 3-stained profile in homologous
sections from three different divisions

of the neocortex (temporal, somatosensory,
and frontal) of control vs. isoflurane
exposed brains. (13-fold increase).

Brambrink AM, Evers AS, et al:
Anesthesiology 112:834-41, 2010.

See also for glial cell apoptosis: Zheng
H, Dong Y, Xu Z, Croshy G, Culley DJ, et
al: Anesthesiology 118:516-526, 2013.



Ketamine-induced Neuroapoptosis in the Fetal and
Neonatal Rhesus Macaque Brain
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Fetal Neonatal
Neuroapoptosis detected by
caspase-3 (AC3) positivity
after 5 hours of ketamine.

Fetus Neonate

Ketamine-induced vs. natural
apoptosis for each age group.

Protocol: 10 mg/kg bolus + 10 — 85 mg/kg/hr _
to allow no movement, and 10% 4 Brambrink AM, Evers AS, et al:

hr or bp with clamp pinch (hand or foot). Anesthesiology 116:372-84, 2012.



Total Number of Profiles (neurons+glia) Undergoing
Apoptosis, as Determined by AC3 Staining, in Fetal or
Neonatal NHP Brain After Exposure to Propofol or to no
Drug (Control).

The difference between the
mean apoptosis counts for
propofol-exposed or control
brain at each age was
statistically significant
(fetuses P=0.01; neonates
P=0.007).
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Neurons and Oligodendrocytes in Neonatal (6 days)
Non Human Primates (NHP) Die After Exposure (5
hours) to Propofol or Isoflurane but Propofol
Appears to Produce Less Apoptosis

/

Control Propofol Isoflurane

Creeley C et al. Br. J. Anaesth. 2013;110:i129-i38



Relationship of Anesthesia to Postoperative
Personality Changes in Children

- J.E. Eckenhoff, 1953

Post Anesthesia Increases:

32% Night cries or terrors

26% Temper tantrums

23% Fear phenomenon (darkness, strangers)
19% Bed wetting

* changes highest in youngest children
* higher subsequent to unsatisfactory inductions
e in the younger ones, 38% <4 yrs. had
personality change, whereas > 8 yrs. only 8%

Similar Results in: Kotiniemi LH, Ryhanen Pt, et al:
Paediatric Anaesthesia 6:45-49, 1996.

(< 5yrs. temper tantrums 25%, nightmares 16%, anorexia 16%)



Cumulative Percentage of Learning Disabilities
In Children Exposed to Anesthetics before Age 4 yrs.
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Shown separately for those that have zero, Wilder RT, Flick RP, et al:
one, or multiple exposures. Anesthesiology

110(4):796-804, 2009



Long-term Differences in Language and Cognitive
Function after Childhood Exposure to Anesthesia

Protocol: Children < 3yrs exposed to anesthesia and subjected to
neuropsychological testing at age 10 yrs.

Language Disability Adjusted risk ratio (95% CI)
Unexposed (0) Control
Single exposure (1) 2.36 (1.47 -3.79) *
Multiple exposure (2 2) 2.68 (1.07-6.72) *

* All risks statistically significant whether single or multiple exposure.

Ing C, DiMaggio C, Whitehouse A, et al:
Pediatrics 130(3):e476-e485, 2012.



Influence of Age at the Time of First Anesthetic
Exposure on the Presence of Behavioral / Emotional
Problems “Shows a Trend Toward Increased Risk at a
Younger Age.”

Odds Ratio (95% CI) for Age at Time of First Anesthesia

Age at first < 6 mo. 6—-12mo. 12-24mo >24mo.*
anesthetic (n = 84) (n =44) (n = 50) (n = 65)
exposure
Odds Ratio 1.33(0.61-2.92) 1.17 (0.46-2.98) 1.00 (0.40-2.51) 1*
(95% CI)
* Reference group Kalkman CJ, Peelen L, et al:

Anesthesiology 110(4):805-812, 2009



Does Anesthesia Exposure in Infancy
Affect Academic Performance in Children?

Surgery/anesthesia before age 1 in infants with no CNS problems or risk factors (n= 131).
Low test scores 8/67 (14%) vs. state norms (5%). Tested at 7—17 yrs/age (Achievement Tests).

No CNS problems P
or risk factors value
Tested below n =67
5th nercentile
P 8 (14%) * p < 0.008 vs. norm.

* Duration of anesthesia in these
children was 38% longer than
In the remaining 58.

RESULTS: Poor academic achievement was more common in children
without CNS problems or risk factors. Longer duration of anesthesia
was also associated with poor academic achievement.

Block RI, Thomas JJ, et al: Anesthesiol 117(3):494-503, 2012



Association Between Learning Disabilities at Age 12
and Exposure to Anesthesia Prior to Age 1in
Healthy Full-Term Infants

Learning No Learning
Disability Disability

Exposed
minor procedures
30-120 mins
Sevo <1lyr
n =100

Not Exposed
n =106

*P < 0.033, Fisher’'s Exact 559(96 )etl 3'1:,9 /_Aln4ezs8th§8if3& Analgesia,



Implications

Give us concern for In utero and
perinatal (to 1 year) anesthesia,

as well as deep sedation, in neonatal ICUs.



Proposed Mechanisms of
Anesthetic Toxicity

Pre- and Post-Synaptic Induced Apoptosis
Dendritic Spine Changes
Decreased Neurogenesis

Decreased Proliferation of Neural Stem Cells
(children and adults)

Genetic alterations



Proposed Anesthesia-Induced
Developmental Neuroapoptosis

Does It Happen in Humans?
Can We Prevent It?

If methods can be developed to
arrest the chain reaction leading
to the Bax protein step (reduce
pro-apoptotic protein), anesthetic
drugs may be able to put neurons
to sleep without accidentally
triggering the cell suicide signal.

= Activated
Caspase-3 Olney JW, Young C, et al:
Conment ™ \, Activated Anesthesiology 101:273-275, 2004

to Cell Death Caspase-9




Isoflurane Rapidly Increases Dendritic Spine Density in the
Prefrontal Cortex of the Rat during Synaptogenesis

These results suggest that
volatile anesthetics could
rapidly interfere with physiologic
parameters of synaptogenesis
and thus might impair circuitry
in the developing cortex.

Control Iso (2 hrs)

Briner A, DeRoo M, et al:
Anesthesiology 112:546-556, 2010

Editorial: Crosby G, Culley DJ, et al:
Anesthesiology 112:521-3, 2010

Time dependent effects of Iso
on dendritic spines



General Anesthesia Causes Long-term Impairment
of Mitochondrial Morphogenesis and Synaptic
Transmission (also impairs circuitry) in Developing

Mitochondrial Density in soma

(mean = SEM)

0.75

0.50

0.25

0.00

Rat Brain

* p<0.05 Anesthesia = Iso/N,O/Midazolam
6 hours duration.

Rat pups = 7 days old

Sham
Controls

Anesthesia
Treated

Sanchez V, Feinstein SD, Lunardi N, Joksovic PM,
Boscolo A, Todorovic SM and Jevtovic-Todorovic V:
Anesthesiology 115:992-1002, 2011



Exposure to Anesthetics Affects Learning
Function (Mice)

- All mice with mothers exposed to halothane during
pregnancy performed significantly slower than
control mice.

 Finally, the learning retardation noted in the second
generation born to mice exposed to anesthetics
In utero, suggests that the anesthetic agent may
have caused an inherited genetic aberration.

Chalon J, Tang C-K, et al:
Anesth Analg 60:794-797, 1981.



In Utero Exposure to N,O Reduces Offspring, Increases
Malformations and Alters Genetic Expression of Coat Color
In Avy Mice

Anesthesia: 70% N,0 / 30% O, for 4 hours

Post-Conception
Exposure Effect

DEVAS # of offspring ¥ 50% with multiple
malformations in surviving offspring

Day 4 # of offspring with yellow phenotype
Increased from 33% in the control

group to 59% in the N,O group. (p<o0.006) *

*“Transgenerational inheritance of the N,0-altered mark as a metastable
epiallele is presently under investigation.”

Hogan K: Abstract BOSO1.
ASA Annual Mtg, Chicago, 2011.



Posterior Cingulate Cortex Can We Prevent It ?

Melatonin Reduces the Severity of Anesthesia-
Induced Apoptotic Neurodegeneration

Anesthesia-induced caspase-3 activation is
reduced in 7-day old rats in the presence of
melatonin 2 hrs. after anesthesia (6 hrs).

Caspase-3 activation represents the final
step in the activation of effector caspases
and is a very sensitive method of detecting
apoptotic neuronal damage.

The density of caspase-3 labeled neurons
Is visibly decreased in melatonin-treated
animals (white arrows).

Melatonin up-regulates the anti-apoptotic
protein bcl-X,.

anesthesia anesthesia
+ vehicle + melatonin Yon JH, Carter LB, et al: Neurobiology of Disease 21:522-530, 2006.



The Young: Neuroapoptosis Induced by Anesthetics
and What to Do About It (Hypothermia)
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4 day old infant mice.

N = normothermic (34.7° C)

H = hypothermic (29.7° C).
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p <0.0001
Iso vs. Control
p <0.01
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p <0.001
N H

Creeley CE and Olney JW:
Anesth Analg 110:442-448, 2010.



Dexmedetomidine Attenuates Isoflurane-induced
Neurocognitive Impairment in Neonatal Rats

Protocol: 7 day old rats — exposed to Iso (0.75%) for 6 hrs. Dex doses =1, 10 or 25 ug/kg I.P.
Rats allowed to mature until day 40 then tested for memory loss.

* p < 0.05 vs. other groups
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> S 40 *
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L 0 Memory Loss
Saline Dex Saline +Iso  Dex + Iso
Caspase 3+ cells were decreased with Sanders RD, Xu J, et al:

the addition of dexmedetomidine. Anesthesiology 110:1077-85, 2009.



Delayed Environmental Enrichment Reverses
Sevoflurane-induced Memory Impairment in Rats

Enriched Environment Anesthesia alone has the same
8" deep bedding effect on short-term memory as
Running wheel anesthesia + surgery.

Ramp

Rope Enriched environment facilitates

Various toys short-term memory.
Series of tunnels so

rats could interact Shih J, May LDV, et al:
Anesthesiology 116:586-601, 2012.

“...1tis difficult to see how we could practically further enrich
the environment for the average infant in the 215! century...”

Editorial: Davidson AJ: Anesthesiology 116:507-509, 2012.



Delayed Environmental Enrichment Reverses
Sevoflurane-induced Memory Impairment in Rats

B Control NH (n=17)

Worse ~
A ” Li 60 B Control EE (n=18)
g E’?, 40 I Sevo NH (n=20)
o
O Sevo EE (n=20
! % 8 20 ( )
= NH = normal housin
Better < 0 J

EE = enriched environment
1 hr delay from

introduction to maze

Shih J, May LDV, et al:
Anesthesiology 116:586-601, 2012.

Editorial: Davidson AJ: Anesthesiology
116:507-509, 2012.



Anesthesia and the Very Young Brain
SUMMARY:

Unless we establish that they do not suffer acute anesthetic
neurotoxicity, we should:

1. Count anesthesia on cost side of the cost / benefit ratio when making a
decision about whether to recommend surgery.

2. Consider use of mild hypothermia and melatonin.

3. Avoid N,O, inhalational anesthetics, ketamine; consider dexmedetomidine
and propofol.

4. Limit duration of surgical procedures as much as possible. (<2 hours)
and repeat anesthetics.

5. No elective procedures < 1 year of age.

FDA and the Anesthetic & Life Support Advisory Committee recommend to forego
elective procedures in children < 3 yrs of age.
Rappaport B, et al: NEJM 364(15):1387-1390, 2011.



Outline

CNS complications occur more commonly In:

Elderly Patients
« > 60 years of age, co-morbidities
e ever diminishing cognitive reserve
e pre-existing genetic abnormalities

« APOE,, Presenilin 1 -2

Inflammatory genes (phenotypes)



Aging Brain

Less cognitive reserve and increased co-morbidities,
less resilience to neurologic challenges

Oxidative phosphorylation does not work as well

Genetic mutations are acquired

Genetic alleles that were silent in youth manifest
themselves (have phenotypic expression effects)

dementia and inflammation

Free radical build-up and reduced levels of scavengers
like Vitamin C, E and melatonin



Adverse Cerebral Effects of Anhesthesia on
Older People

 Review of records of 1,193 patients:

- Age 50 years or older
- Operation under GA

 Mental deterioration in 120 (10%) patients

e Conclusions

- Cognitive decline was related to anesthetic
agents and hypotension
- Post-op medication should not be a routine matter

- “Operations on elderly people should be
confined to unequivocally necessary cases”

Bedford. The Lancet 1955; 2:259



Incidence of POCD in Non-Cardiac Surgery Patients
(> 60 years) and Controls

§/ 30 B Controls (no anesth)
% 25 B Patients
c 20
S 15
O
— 10 * .
8 . . p < 0.004
0)
Early Late
(1 week) (3 months)

International Study of POCD in the elderly:
ISPOCD study — 8 European Countries, Lancet 351:857, 1998.
13 Hospitals. 1994-1996



Postoperative Cognitive Dysfunction at Hospital
Discharge and Three Months After Surgery

Patients with POCD Patients with POCD

at Discharge at 3 months
Number (%) Number (%)
G5 o) EPRC) Independent
Young 117 (36.6%) 16 (5.7%) Risk Factors
(18 - 39 yrs) (31.3% - 41.8%) (3.0% - 8.5%)
» Greater age
Middle-aged 112 (30.4%) 19 (5.6%) L B
(40 - 59 yrs) (25.7% - 37.1%) (3.2% - 8.1%) £5s EaUCation
« POCD at hosp
Elderly 138 (41.4%)t 39 (12.7%)* discharge
(2 60 yrs) (36.2% - 46.7%) (8.9% - 16.4%) * Hx of stroke without

residual damage

Tp =0.01 vs. middle-aged

, P =0.001 vs. both middle-aged and young Monk TG:
Anesthesiology
108:18-30, 2008.




Regardless of Gender, Age and Co-Morbidities, Anesthesia
Exposed Patients had an Increased Risk of Dementia*

Percent of Percent of dementia
dementiain the in the control group _
anaesthesia group n (%) Adjusted HR
Group n (%) (95% CI)2 P

All 661 (2.65) 1539 (1.39) 1.75 (1.59-1.92) <0.001
Gender
Male 296 (2.40) 583 (1.09) 2.01 (1.78-2.37) <0.001
Female 365 (2.90) 956 (1.66) 1.58 (1.40-1.78) <0.001
Age, Years
50-65 91 (0.64) 239 (0.34) 1.65 (1.30-2.11) <0.001
>65 570 (5.35) 1300 (3.25) 1.70 (1.53-1.87) <0.001
Charlson index

91 (0.57) 293 (0.34) 1.85 (1.63-2.09) <0.001
570 (6.46) 1246 (5.17) 1.63 (1.43-1.87) <0.001

HR, hazard ratio.
a. All models are analyzed by Cox regressions adjusted for hypertension, hyperlipidaemia,
depression and Charlson index.

*HR= 1_99, P<0.001 P.in-Liang Chen, Chih-Wen Yang, et ql: BrJ Psyg;hiatry BJP
bjp.bp.112-119610; July 25, 2013, doi: 10.1192/bjp.bp.112.119610.




Increased risk of dementia in people with previous exposure to
general anesthesia (GA): A nationwide population-based case-
control study

No Dementia Dementia
N = 21,380 N = 5,345

% (N) % (N)

Endotracheal 24%(5,142) 32.2% (1,720) <.0001 1.34(1.25-1.44)
Tube GA

IV or IM GA 6.7% (1,429) 9.3% (496) <.0001 1.28 (1.14-1.43)

Chen C, Lin C, et al.
Alzheimer’s & Dementia 2013:July; 1-9



Causes of Increased POCD in Post Cardiac Surgery

(at 5 years, 42% have permanent POCD)

Secondary to:

pre-existing co-morbidities *

cerebral embolization

cerebral ischemic reperfusion

cerebral hyperthermia after CPB

systemic inflammatory response from surgery
anesthesia ?

APOE, and other dementia genes

Newman, et al: NEJM, 2001.

* Selnes OA, Gottesman RF, et al:
NEJM 366:; 250-257, 2012.

anemia



Neurocognitive and Neuroanatomic Changes after

Off-Pump vs. On-Pump CABG: Long-term follow-up
of a Randomized Trial

Test comparisons between surgical groups at follow-up.

Domain Variable CPB (n=41) OPCAB (n=35 P

Attention Spatial Span 4.39 (1.0) 5.03(1.12) .011
Backward

Executive/  Short Category 45.6 (11.2) 39.5(14.9) .05
Intellectual Test Errors

“After a mean of 7.5 years of follow-up, patients undergoing off-pump
CABG performed better than those undergoing CPB in several neuro-
psychological domains.”

OPCAB =off pump  p\;skas JD, Stringer A, et al: J Thorac Cardiovasc Surg p 1-12, 2011.



Off-Pump vs. On-Pump CABG Surgery
Clinical Outcome Trials (Stroke) — A Meta-analysis

RR (95% CI) Strokes / Strokes / %
Off-Pump  On-Pump Weight

Overall (I-squared = 0.0%, p = 0.979) <@>| 0.70 (0.49, 0.99) 49/3605 76/3589 100

NOTE: Wt. is from random effects analysis

Favors Off-Pump -1 1 10 Favors On-Pump

Afilalo J, Rasti M, et al:
European Heart Journal
33:1257-1267, 2012

Lamy A, Devereaux PJ, et al:

If the data from these 2 studies were NEJM 368:1179-88, 2013
) EDITORIAL: Alexander JH:
Included, the results would be even NEJM 368:1247-48, 2013,

more significant.

Diegeler A, Borgermann J, et al:
NEJM 368:1189-1198, 2013.



Cognitive Trajectories after Postoperative Delirium
(In 225 Elderly Patients Following CABG or Valve Surgery)

Postop Delirium Patients with MMSE Score Below Preop Baseline *

% of Pts. with cognitive decline

With Without P value
Delirium Delirium
Percent

P.O. Day 2 88 59 < 0.001
P.O. Day 5 82 51 < 0.001
P.O. Day 30 64 37 < 0.001
P.O. Day 183 40 24 0.01
P.O. Day 365 and after 31 20 0.055

* Mini-Mental State Exam

Delirium is associated with a significant decline in cognitive ability during the first year
following cardiac surgery with a trajectory characterized by an initial decline and

prolonged impairment. _ _
Saczynski JS, Marcantonio ER, et al: NEJM 367:30-39, 2012

See also: Gross AL, Jones RN, et al: Arch Intern Med
172(17):1324-1331, 2012.



Delirium in PACU That Persisted After Transport
to Hospital Ward in Patients >70 Years Associated
With a Decline in Cognitive Function and
Increased Institutionalization

Cognitive Health Care Resources Utilization for Inpatients

Delirium in No delirium in

recovery room recovery room
Cognitive testing at discharge
P word list, mean (SD) 40 (10) 46 (10)
Digit Span (standardized T-score) 42 (10) 49 (8)
Backward, mean (SD) 40 (9) 47 (9)
Health care resource utilization
Discharge to institution versus home 15 (37%) 3 (6%)

Karin J. Neufeld, Jeannie-Marie S. Leotsakos, et al:
Anesthesiology 117:475, 2013.
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Surgical Trauma & the Role of Inflammation in CNS

BRAIN INJURY Downstream Actions of IL-1

Cardiovascular effects
Neuroendocrine effects
Sympathetic nervous system
Fever
Gene expression
Growth factors
1l GABA effects
D Altered NMDA responses
»INOS
Cytokines
Prostaglandins, NO
Neuropeptides
B-Amyloid

Lucas S-M, Rothwell NJ, et al:
Brit J Pharmacol 147:S5232-S240, 2006.



Genetic Variations may Influence Susceptibility to
Postoperative Cognitive Deficit after CABG Surgery

Prospective cohort study of 513 patients

=
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RESULTS suggest a contribution of P-selectin and CRP genes in modulating
susceptibility to cognitive decline after cardiac surgery. May help in identifying
populations at risk who may benefit from targeted perioperative antiinflammatory
strategies.

Mathew JP, Podgoreanu MV, et al:
J Am College of Cardiology 49:1934-42, 2007.



Inflammation Biomarkers
after Anesthesia and Surgery

CSF Interleukin-6 (IL-6) response stratified by anesthetic technique.

B Inhalational *

Protocol: 11 non-Alzheimer pts.
undergoing idiopathic nasal
CSF leak correction.

Anesthesia = provider’s choice

Tang JX, Baranov D, et al:
Anesthesiology 115(4), 2011.



Impact of General and Regional Anesthesia on the
Incidence of POCD : Meta-Analysis

*Forest plot of the nine studies which compare General
Anesthesia and non-GA in the development of POCD.

*Odds Ratio 1.34, 95% CI 0.93 — 1.95.

eSuggestively in favor of Regional Anesthesia, but not
statistically significant.

Mason SE, Noel-Storr A and Ritchie CW:
J Alzheimer’s Disease 22:S67-S79, 2010.



REGIONAL vs. GENERAL
Sedation Depth During Spinal Anesthesia and the
Development of Postoperative Delirium in
Elderly Patients Undergoing Hip Fracture Repair

(Lighter = less delirium)

Heavy Sedation Light Sedation
BIS = 50 VS. BIS = 80
NO Post-op Delirium 34 46
Post-op Delirium 23 (40%)* 11 (19%)

*p =0.02 (40% vs. 19%)
Sieber FE, Zakriya KJ, et al:
Mayo Clin Proc 85:18-26, 2010.

Editorial: Crosby G, Culley DJ, et al:
Mayo Clin Proc 85(1):12-15, 2010.

Deep sedation may be analogous
to light anesthesia.



Comparative Effectiveness of Regional vs. General
Anesthesia for Hip Fracture Surgery in Adults

Adjusted Outcomes by Anesthesia Type
Odds Ratio < 1 Favors Regional Anesthesia

Odds P
Ratio 95% ClI Value
Death (primary outcome) 0.710 0.541 - 0.932 0.014

Any Pulmonary Complication 0.752 0.637 - 0.887 <0.001

Death rate decreased by 29% in Regional Group

Neuman MD, Silber JH, et al:
Anesthesiology 1117(1):72-92, 2012.



ROLE OF ANESTHETIC DEPTH
BIS-Guided Anesthesia Decreases Postoperative Delirium

And Cognitive Decline
(Reduced propofol 21% and volatiles by 30%)

Routine P
Postop Cognitive Outcomes BIS group Care Group Value
(53) (36)
Delirium
no. / total no. (%) 70/450 (15.6%) 109/ 452 (24.1%) 0.01
Postop cognitive dysfunction
3 months after surgery

no. / total no. (%) 42 [ 412 (10.2%) 62 / 423 (14.7%) 0.02

The CODA Trial indicated that for every 1,000 patients undergoing major surgery,
BIS-guided anesthesia prevented 83 patients from suffering from delirium during
hospital admission and 23 from POCD at 3 months postop.

Chan MTV, Cheng BCP et al:
CODA = Cognitive Dysfunction after Anesthesia CODA Trial GrOUP
J Neurosurg Anesth 25(1):33-42, 2013.



Sevoflurane Promotes the Progression of
Mild Cognitive Impairment (MCI)

Protocol: 180 spinal surgery patients with MCI randomized into 3 groups (n=60).
Controls = 60 outpatients with MCI. All groups - neurological testing repeated
2 years after anesthesia.

Anesthetic Stable Progressive
Group MCI (n) MCI (n)
Sevoflurane 12 30 *
Propofol 22 17
Epidural 26 19
Control {0) 16

The number of cases of progressive MCI was greatest in

the sevoflurane group *p < 0.01 vs. control.

LiuY, Pan N, Ma, et al:
Am J Med Sci, p.1-6, 2013.



Anesthesia and CABG Surgery Provokes Alzheimer’s Disease-Like
Changes in Cerebrospinal Fluid and Cognitive Function

25 * P<0.05
1000 =
* n n 20 * *
P <0.05 v 32
= O
* | -
~ o c
S 500 = 10
e 8>
I SE O
e
0 _! ? 0 —
PreOp 1 week 6 mo. PreOp 1week 6 mo.
Rivermead = Standard Neuropsycholoical test
sensitive to impairments in multiple cognitive
domains.
mm tau

Modified from:
Palotas A, Reis HJ, et al:
J Alzheimer’s Disease 21:1153-1164, 2010.



Human Alzheimer Biomarkers
after Anesthesia and Surgery

Changes in Alzheimer Biomarkers in CSF During Surgery

Protocol: 11 non-Alzheimer patients
undergoing idiopathic nasal CSF leak
correction. Anesthesia = provider’s
choice.

Pattern of increase in T-tau/AB
consistent with Alzheimer’s.

Tang JX, Baranov D, et al:
Anesthesiology 115(4), 2011.



Frequency Distribution of ApoE Alleles in Pts. of Various
MMSE Scores After Inhalational Anesthesia

90
80
70
60
50
40
30
20
10

ApoE allelles (%)

- MMSE score 2 25
- MMSE score < 25

* P <0.01 between
high and low score

groups.

o II -
€2 €3 &4

Results suggest that the €4 allele was a risk factor for early cognitive dysfunction
in elderly patients who received an inhalational anesthetic.

Cai Y, Hu H, Liu P, et al:
Anesthesiology 116(1):84-93, 2012.



PKMC(C is Found Within Neurofibrillary Tangles and
Neurons within the Limbic System of Patients with AD
Control, p-aPKC AD, p-aPKC

-

(PKMC is absent in NFT in elderly pts. without AD)

Shao CY, Crary JF, Rao C, Sacktor TC, Mirra SS:
J Neuropathol Exp Neurol, 65:319-326, 2006.




Robust Increases in PKM{ Expression in the
Hippocampi of AD Patients
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P. van de Nes, C. Shao, S.
Mirra and T. Sacktor;
unpublished
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Propofol Anesthesia Does Not Impair Spatial
Memory in Aged Rats

Conclusion:

In aged rats, propofol anesthesia is devoid
of the persistent memory effects observed with
other general anesthetic agents (general anesthetics
have different receptor mechanisms of action).
Thus, it appears that general anesthesia-induced
memory impairment may be a function of the agent
rather than the anesthetic state itself.

Neurobiology may have answer ??

Lee H, Culley DJ, et al:
Anesth Analg 107(4):1211-5, 2008.



Isoflurane-Induced Caspase-3 Activation is Dependent
on Cytosolic Calcium and Can Be Attenuated by
Memantine (NMDA Receptor Partial Antagonist) In Mice

Caspase-3 Activation (%)

300
250
200
150
(0[0)
50
0

P =0.015 vs. controls
*

P =0.013 vs. Iso + saline
*

Control Control Isoflurane Isoflurane

+ + + +
Saline Memantine Saline Memantine

Zhang G, Dong Y, et al:
J of Neuroscience 28(17):4551-4560, 2008



Evidence for the Efficacy of Memantine
In Moderate Alzheimer Disease

Alzheimer Disease Assessment Scale — cognitive subscale

Memantine / Placebo

Mean Difference Favors Favors
Study or Subgroup (95% CI) Memantine | Placebo
99679 / Bakchine & Loft, 2007 -1.58 (-3.45 to 0.29) -
MD-10 / Peskind et al, 2004 -1.40 (-3.12 to 0.32) —=———
MD-12 / Porteinsson et al, 2008 -1.14 (-2.58 to 0.30) —a—
Total (95% ClI) -1.33 (-2.58 to 0.30) <@

4 2 0 2 4

Test for overall effect: z=2.75 (p = .006) _
Mean Difference (95% CI)
Conclusion: There is some benefit for use of memantine in
patients with moderate or severe Alzheimer Disease (AD), but
no apparent benefit for those with mild AD.

Schneider LS, Dagerman KS, et al:
Arch Neurol 68(8):991-998, 2011.



Effect of Vitamin E and Memantine on Daily
Function in Alzheimer Disease (48 months)*

Activities of Daily
Living

Adjusted P =

*Mean difference compared with placebo
** = Annual rate of decline reduced by 19%

Dysken MW, Sano M, et al
JAMA.2014;311(1):33-44



Influence of Statin Withdrawal on Acute Ischemic
Stroke Outcome: A Randomized Prospective Study

89 patients on statins: (n = 46) withdrawn within 3 days
(n =43) continued therapy

Statins Statins
Withdrawn Maintained P value
END 65% 21% <.001
Poor Outcome 59% 37% <.001
Infarct Volume /4 cc 26 cc <.001

END = Early Neurological Deterioration
(a fall 2 4 points in NIHSS between

admission and 48 hrs.
) Nombela F, Blanco M, et al:

Stroke 37(2):625(A27), 2006.



Statin Use during Ischemic Stroke Hospitalization is
Strongly Associated with Improved Poststroke Survival

Retrospective Review of 12, 689 patients

Statins Initiated in Hospital

Proportion Surviving

Days after stroke onset

Poststroke survival

+ Statins and discharge

disposition improved
even for patients
without prior statin use.

- Statins

Flint AC, Kamel H, et al:
STROKE 43:147-154, 2012.

Flint AC, Kamel H, et al:
Neurology 78(21):1678-83, 2012.



Beneficial Effects of Melatonin in Experimental
Models* of Alzheimer Disease

“*Several groups have shown that melatonin
has an inhibitory effect on tau protein
hyperphosphorylation and A31-40 .

These actions may potentially slow down
or stop the progression of dementia.”

Cheng Y, Feng Z, et al:
Acta Pharmacologica Sinica
27(2):129-139, 2006.

* Models used included rodents See Also: Ni C, Tan G, Luo A, et al:
and tumor cell lines. International J Neuroscience
123(4):213-220, 2013.



Melatonin Improved Mild Cognitive Impairment
(in Humans)

Retrospective analysis of 50 out patients with MCI symptoms, 25 of whom received daily
3 - 9 mg of melatonin for 9 - 18 months.

30 MMSE
P <0.001
29 Bl Pre-treatment
m Post-treatment
28

27
AS
25

MMSE Score

Melatonin Non melatonin

MMSE = Mini Mental State Exam

Melatonin has an inhibitory effect on Eug_io AII\AF,%Brlilsé(-:zolil’4%t9alz:oo7
tau protein hyperphosphorylation. Ineal Res 45:404-409, .



Randomized, Double-blinded, Placebo Controlled Study of
Neuroprotection with Lidocaine in Cardiac Surgery

Non-Diabetic Patients (n=166)

Better
4 3 02
©
=
= 0.15
=
[= 0.1 Effect still significant
8) after 1 year
o 0.005
o
© 0] S
\ a . .
Worse Placebo Lidocaine

P <0.03 for Lidocaine <43 mg/kg (total dose)

Mathew JP, Mackensen GB, et al: Neurologic Outcome
Research Group (NORG) of the Duke Heart Center
STROKE 40:880-7, 2009



Cerebral Preconditioning & Neurogenesis

Clinical Application Would Require
Stressing Patients
12 - 24 Hours Prior to Surgery ...
Enough to Generate Proteins of Repair
Without Causing Substantive Damage



Sevoflurane as Preconditioner

How much can we give before what would have been a protective effect
becomes a deleterlous effect on balance’?

6 weeks post ischemia
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A = Naive (no ischemia) Rats (100-120 days old)

B =10 min ischemia (no preconditiong)
C = 2% Sevo precond. (1 hr before ischemia) Wang J, Lei B, Popp S, Meng F
D = 4% Sevo precond. (1 hr before ischemia) Cottrell JE & Kass IS: Neuroscience

_ 145:1097-1107, 2007.
Mediated through PKM zeta Wang, et al: ASA Annual Mtg. 2008.



Effect of Hypoxia With or Without sevoflurane
preconditioning on mRNA (PkMz and Bcl-xl) levels
60 min after hypoxia

MRNA Levels 60 min after hypoxia relative to tissue
not subjected to hypoxia (=1.0
1.

B v poxia without precondiioning
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*P<0.01 Hou, Hernandez, Cottrell, Kass.
ASA meeting, Oct 2013, A2252



S-100B Concentration

NSE Concentration

in serum (ug /L)

in serum (ug /L)

Effects of Remote Ischemic Preconditioning on Biochemical
Markers in Pts. Undergoing Elective Cervical Decompression

*p <0.05vs. control

PO-6h  PO-1d  PO-3d PO-5d  PO-7d

The result for markers of
neuronal ischemic injury
and rate of recovery
suggest that a large
clinical trial is warranted.

Three 5-min. inflations of BP cuff
to 200 mmHg (upper arm)
followed by 5-min intervals of
reperfusion.

Hu S, Dong H-L, et al:
J Neurosurg Anesth 22:46-52, 2010.



Effect of Remote Ischemic Preconditioning on the
Post Surgical Recovery Ratios in Myelopathic Patients
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The result for markers of neuronal ischemic injury and rate of recovery suggest that a
large clinical trial is warranted.

Hu S, Dong H-L, et al:

*p <0.05 vs. control
J Neurosurg Anesth 22:46-52, 2010.



Chronic Limb Hypoperfusion May be Neuroprotective in
Stroke Patients

Patients with Peripheral Vascular
Disease (PVD) had less infarct
and a better NIH Stroke Scale at
admission and discharge.

300

More favorable outcomes at
discharge 30% vs. 4%, and a
lower mortality rate, 26% vs. 58%
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Connolly M et al. Clin Neurol & Neurosurg.
*
P-value <0.001 2013 Aug 6; pii: S0303-8467(13)00285-0



Bilateral Arm Ischemic Preconditioning
(BAIPC, 2 x per day for 300 days)
Prevents Recurrent Stroke in Intracranial
Arterial Stenosis Patients

% Kaplan-Meier Curve

Log rank (Mantel-Cox): P = 0.009

Stroke recurrence

1 BAIPC group
"1 Control group

50 100 150 200 250 300 RS
Neurology 2012; 79: 1853-61



Exercise Enhances Learning and Hippocampal
Neurogenesis in Aged Mice

Number of BrdU-Positive Cells after Exercise
(Environmental Enrichment)

Old Old
Controls Runners
*P <0.05
Neuron (%) 9.5(4.3) * 25.6 (7.5)
Data (SEM)

Wheel running increased the number of neurons.

van Praag H, Shubert T, et al:
J Neuroscience 25(38): 8680-8685, 2005.



“AUTOPHAGY
Explaining Exercise’

Garber K: Science 335:281, 2012

“Exercising to Fire Up the
Body’s Trash Furnaces”

Reynolds G: New York Times
February 7, 2012

Cellular “self-eating” which helps cells meet
their energy demands, may account for some
of the benefits of exercise.

Face Eater by Dana Schutz, 2004



Old Brain

Avoid N,O

Use TIVA — Propofol - Narcotics

Avoid prolonged and repeated inhalational anesthesia
Use regional anesthesia — with little or no sedation *
Avoid infection — inflammation bad

Avoid CPB — use off pump

Use lidocaine + Vitamin E

Don’t discontinue statins, start statins preop
Melatonin

Genetic Testing

Preconditioning



Young, Old, and Everyone In Between

Our awareness of these issues has enjoyed a renaissance over
the past decade.

My Guess

We will soon rank anesthetic and adjuvant drugs according to
their deleterious effects with or without genetic markers (?)

that cerebral preconditioning and endogenous processes of
repair and regeneration will reduce CNS complications to the
very young, the old, and everyone in between....

Before the younger ones among us are too far gone to
benefit!
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