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NervousSystem Ischaemia...

A Brain—Spinal Cord- Perioperative Period

A Pathophysiology- Progress
A Tr eat mehaltnge-

A no Pharmacological Agent
— Definite Neuroprotection
— Absolute Indication

A multiple drugs deserve attention !!!

Head BP, Patel ®urrOpinrAnaesthesid007; 20: 395399
GinsbergM.Neuropharmacology, 2008; 55: 383

Klein KUENngelhardK. BestPraciResClinAnaesthesid010; 24: 53549
Kunz A et aBestPraciResClinAnaesthesid@010; 24: 53549
WernelC.BestPraciResClinAnaesthesid010; 24:1810




Novel local anaesthetics and novel indications for local
anaesthetics
Markus W. Hollmann®®, Marcel E. Durieux? and Bernhard M. Graf®

Current Opinion in Anaesthesiology 2001, 14:741-749

A brief review of innovative uses for local anesthetics
Jeffrey L. Wright, Marcel E. Durieux and Danja S. Groves

Current Opinion in Anaesthesiology 2008, 21:651-656

Update on local anesthetics
Alain Borgeat and José Aguirre Current Opinion in Anaesthesiology 2010, 23:466-471




Local Anaesthetics(LAg ...

Traditional— Alternative Cellular Targets

A Na+Channels Blockade
Anaesthesia- Analgesia
Antiarrhythmic Action

A COther Cellular Systems
Cat+ / K+ Channels
TRP\-1/ NMDAReceptors
G- Protein Coupled Receptors
Ligand— Gated Receptors

A Innovative Actions
neuroprotection

i Kindler CH, Yost CReg Anesth Pain Med, 2005; 30: 26074
antl Inﬂammatory effeCtS Wright JLet al. CurrOpinAnaesthesigl 2008; 21: 65%, 656

Beloeil HMazoit JX AnnFrAnesthReanim 2009; 28: 23t 237
BorgeatA, Aguirre JCurrOpinAnaesthesiql2010; 23: 46, 471




Lecture Outline

CNS3schaemia- Pathophysiology

Recent Progress, LAsNeuroprotection
- Experimental Data
- Clinical Data

Clinical Relevance

Future Prospects




Nerve Cellschaemia- Mechanisms

KoernerlP.CurrOpinAnaesthesial 2006; 19: 48%, 486
Green ARBr JPharmacal 2008; 153%uppll): S325¢ S338
Galuzzi et al.Neuroscience, 2009; 10: 481494

Kunz A, et alBestPractResClinAnaesth 2010; 24: 49% 509




IschaemidNerve Cell Death
Depolarization— Excitotoxicity Lo EH et alNature Reviews, 2003; 4: 3g9+15

KasdS.ASARefresher Course, 2006; 34: 893

Altered Cellular lon HomeostasisS caluzziz et al.Neuroscience, 2009; 10: 481494
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Ischaemid\erve Cell Death- Major Mechanisms

— Hypoxia/ischaemia =S

A Depolarization A Inflammation
A Excitotoxicity Energy failure A Apoptosis
A Oxidative Stress gornteen A Repair Process

Excitotoxicity

and -

: : opening Ca channels .
Enzyme induction .
v

- Proliferation

- Differentiation

- Remyelinization
- Reorganization

Membrane damage

Necrosis Apoptosis

: @nediaterespo@ MIC_I'OQ-|Ia| @lmd respoE
v Activation

Mantz J, et al.EurJAnaesthesiql2010; 27: & 10
EIBeheiryH. CurrOpinAnaesthesiql2012; 25epubahead of print




LAsNeuroprotection
Definition

EverySepinischaemicc ascade - poten

- bl ocking of Dbiochemical, me t
> prevent i on —ioduced secorearyinsdts o n
Pretreatment

- prior / simultaneously withischaemiansult

-1 tissued a ma g e, t neuronal strengt
Resuscitation

- after ischaemianjury
- attenuation / prevention of later cellular damage
Hans PBonhommeV. CurrOpinAnaesthesiql2001; 14: 49% 496

HemmingsHC.JNeurosurgAnaesthesiql2004; 16: 10@ 101
Mantz J, et al.EurJAnaesthesiql2010; 27: & 10




| Neurosurg Anesthesiol ® Volume 16, Number 1, January 2004

Neuroprotection by Na™ Channel Blockade

Hugh C. Hemmings Jr., MD, PhD

LAsability attenuation of hypoxia—induced alterations

-~ V 0 |-lgaeg Ma+ channel blockade or modulation
- rather than I nhibition ¢f

4

predicts theirneuroprotective effects




LOCAL ANAESTHETICS

o>

few clinical investigations
numerous experimentaktudies

> > > > >

IN VItro —in VIvo

animal models

focal and globalschaemia
testing LAsdoses

tlme _ pOIntS Warner DSJNeurosurgAnaesthesiql2004; 16: 9% 97
Werner C BestPractResClinAnaesthesial 2010; 24: & 10

Mantz J,DegosV, LaigleC.EurJAnaesthesiql2010; 27: & 10

Klein KUEngelhardtK. BestPractResClinAnaesthesiql2010; 24: 535 549



Local Anaesthetics
NeuroprotectiveMechanisms

LIDOCAINE

A most studied LA

Avery promising agen | a
A easy in pharmacologicatmanipulation»

A Inexpensive—widely available—relatively safe compound

A acts in the early stages aéchaemiccascade (Na+ channels)

A blocks the sequence of pathophysiologic interactions

A especially if given prophylactically

Awor ks at c¢cl i ni c avsdntyarrhyterice vant d

Hans PBonhommeV. CurrOpinAnaesthesiql2001; 14: 49, 496
Mitchell SJ Merry AF.J Extra Corppechno) 2009; 41: P 3Z P 42
Mantz J,DegosV, LaigleC.EurJAnaesth 2010; 27: & 10
KellermannK et al.SeminCardiothoradvascAnesth, 2010; 14: 96101




LOCAL ANAESTHETICS
BRAIN PROTECTION

Experimental Studies




LidOCaine(canine modelmassive iv dose 160 mg/kg)

Astrup J et al. Anesthesiology 198 EurNeurol1981

Globallschaemia- Pr ol onged T-edDaab Effect |

«Barbiturate — Like» Effect
A electrocorticalactivity abolishment

~

A 1 0O2andGluconsumption

Membrane «Sealing Effect

Al membrane Na+/ K+ pe
A restricts / delays K+ efflux

! load on associated 1 on trans
I CMROZ15-20%) below barbiturate min at flat EEG

similar to hypothermia protection / additive effect
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Lidocaineg(iv dose 2 or 5 mg/kg)

N\/\Jﬁ"’ﬂ
A cerebralischaemiafrom /\\/v

RERRVA N %

preservation of SEP€h post embolism AN T
aatenuation of AcuGPe Hy

t recovery of neuronal functioc
Evans DE et allNeurosurgl984, Neurosurgery 1987 N&urosurgl989
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T

| post—traumatic motor deficitsbrain injury

| ¢ o rhypoperéusionand CBRoreservation
Pegorgotein(Dismuteq -~ Same benefici al
free radical scavenging effeetantiinflammatory actions

> > >

Muir JKet al. Am JPhysioll995, Neurotraumal995
Hamm RJ et allNeurotraumal996




Laboratory Report CAN J ANAESTH 1998

. . _ 45: 7 / pp 692-698
Lidocaine prolongs the

safe duration of circula-  vuan Zhou wp, Dongxin Wang s pho,
. Minyi Du MB, Jianghua Zhu chs,
tory arrest during d€€p  Guojin Shan rhars, Daging Ma o,

e e Dajian Xie chs, Qiong Ma,
Xi?ohua Hli funQL? °
hypothermia in dogs

Effect of Lidocaine on Improving Cerebral Protection Provided by Retrograde
Cerebral Perfusion: A Neuropathologic Study

Dongxin Wang, MD, PhD, Xinmin Wu, MD, Yanfeng Zhong, MD, Yuan Zhou, MD, Guojin Shan, Xiaohua Hu,
Jun Li, Yong Liu, MD, Xiang Qin, MD, and Zhunan Xia, MD

Journal of Cardiothoracic and Vascular Anasthesia, Vol 13, No 2 (April), 1999: pp 176-180




Lidocaine— Pretreatment at various doses

Rat Hippocampal Slices

delayed /¢ hypoxic depolarization
| transmembraneion fluxes
recovery of resting action potential
g utamate transporter - reve
presynapticmodulation of fPSP

| Ischaemicexcitotoxinr e | e aNMPAactivation
modulation of inflammatorymediators

SakabeT et al.Anesthesiology, 1974 Fried E et alJPhysio] 1995
Weber ML et alBrain Research, 1994 TaylorCPet al. JNeurosciMethods, 1995
AyadM et al. INeurosurgAnesthesigl 1994 RaleySusmarkM et al.JNeurophysigl 2001




Lidocaine
CerebroprotectiveMechanisms

pr

ATP content preservation

mitochondria—intracellular organelles protection

| gl utexamaokiaty

Inhibition

- Ca++ release from intracellular stores

- Cat+ influx from extracellular space

A probably inhibition of IP3receptor—mediated Cat+ release

> >» D>

l | nt r aCate ¢cohcankradion

ShosharV et al. IMembr Biol, 1993; 133: 17& 181 YamadaA et al.Neuroscience Research, 2004; 50: 22P8
Fujitani T et al.Neuroscience Letters, 1994; 179: 824 Niiyamas$S et al.Neuroscience Research, 2005; 53: 221/8
LiuK et al.Anesthesiology, 1997; 87: 14¢1478 Martinez Sanchez M et aNeuroscience, 2004; 128: 72940



Local Anaesthetics Pretreatment
Experimental Studies-In Vitro Ischaemia

Rat Hippocampal Slices

synaptic potentials recovery

L Injury in hippocampus
| No of morphologicallydamagedpyramidalcells
Improvedrecovery
t p r osynwesis oiCAlcells
SuttherlandG et al.Stroke, 1989; 20: 118122 ZhouY et al.Can Anaesth 1998; 45: 692 698

Weber ML et alBrain Research, 1994; 664: 16177 WangD et al.JCardiothoracdvascSurg 1999; 13: 176 180
Liu K et alAnesthesiology, 1997; 87: 14¢A478



The Effect of Intravenous or Subarachnoid Lidocaine on
Glutamate Accumulation During Transient Forebrain
Ischemia in Rats

Hiromichi Terada, MD*, Sukejuro Ohta, MDt, Toshiaki Nishikawa, MD,
Takahide Mizunuma, MD*, Yoichi Iwasaki, MD*, and Yoko Masaki, PhD*

“Department of Anesthesiology, Akita University School of Medicine; and tDivision of Anesthesiology, Akita Medical
Center, Akita, Japan

(Anesth Analg 1999,89:957-61)

10 min forebrainischaemiain rats
IV —subarachnoid LID@sNS 0.9% (beforeschaemia
5 or 10 mg/kg

Dialysis Electrode Method

ANESTI—I:‘E‘SIA&
ANALGESIA

| extracellular gl ut
hippocampalCAlarea & cortex




Neuroprotective Effect of Low-dose Lidocaine in a Rat

Model of Transient Focal Cerebral Ischemia
Baiping Lei, M.D., Ph.D.,” James E. Cottrell, M.D.,T Ira S. Kass, Ph.D.%

Anesthesiology 2001; 95:445-51

LIDOCAINE ATTENUATES APOPTOSIS IN THE ISCHEMIC PENUMBRA
AND REDUCES INFARCT SIZE AFTER TRANSIENT FOCAL
CEREBRAL ISCHEMIA IN RATS

a b - a .
B e o A A e Neuroscience 125 (2004) 691-701

A | Infarct size

A Improvedneurologic outcomeover time

attenuation of apoptosis in penumbra

-1 cyt ocPRreleaseeaand caspase-3 activation at4h
-1 DNA fragnkdnt ati on at

A no effects onCBF
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NEUROSURGICAL ANESTHESIA

Secrion Eprror > S
, ANESTH ANALG
DAvID S. WARNER 2005;101:1163-9

Pre- or Postinsult Administration of Lidocaine or Thiopental
Attenuates Cell Death in Rat Hippocampal Slice Cultures
Caused by Oxygen-Glucose Deprivation

Hong Cao, MD*§, Ira S. Kass, PhD*t1, James E. Cottrell, MD*, and Peter . Bergold, PhD+

~

A In Vitro Experimental Model ofschaemia

~

A Lidocaine— b ef or esclmemiaasult e r
[

A 10 min ofOxygen- GlucoseDeprivation (OGD ANESTHESIAG,
ANALGESIA

cerebroprotectants

! cel | deat h, | neur c




Lidocaine
CerebralProtection

global brain ischemia in rats

before, during and afteischaemiansult

t No of CAlpyramidal neurgns at 4vks
preserved cognitive function associated with that area
| ¢ e r imnedaade, strong earlanti — oedemaeffect

Popp S&t al. Neuroscience, 2011; 192: 58549
Wix—Ramos R et aPharmacology, 2011; 88: 3t@21

Lidocainel0 mg/kg +Dexmedetomidine3 pug/kg sc
A 1 neurologic &histopathologicrecovery
A no alteration in extracellularGlutamateor EpinephrineC

GoyagiT et al. ActaAnaesthesiobcand 2009; 53: 1176 1183




Inhibition of Acid Sensing lon Channel Currents by
Lidocaine in Cultured Mouse Cortical Neurons

Jun Lin, MD, PhD,* Xiangping Chu, MD, PhD,T Samaneh Maysami, MD, PhD,T Minghua Li, PhD,¥t
Hongfang Si, PhD,T James E. Cottrell, MD,* Roger P. Simon, MD,T and Zhigang Xiong, MD, PhD

(Anesth Analg 2011:112:977-81)

A In vitro experimental study —
A Acid Sensing lon ChannelSIC} ANESTHESAS, ™
- proton — gatedcation channels

- Na+,Cat+ influx
- acidosis—mediated neuron injury

LIDO at different concentrations
A rapid, reversible, dose-dependent inhibition
A approximately by 90%- ASIC2&urrent




Delayed Treatment with Lidocaine Reduces Mouse
Microglial Cell Injury and Cytokine Production After
Stimulation with Lipopolysaccharide and Interferon y

Hae-Jeong Jeong, MD, PhD, Daowei Lin, MD, Liaoliao Li, PhD, and Zhiyi Zuo, MD, PhD

Anesth Analg, 2012; 114: 856361

Protection fromNeuroinflammation

Al mouse microglial ‘Q\T
Al cytokine producti

]

A mediated by cell surface targets
A neurovascular& anti —neuroinflammatory effect
versus simple membrane stabilizing action






Cerebral Protection by Lidocaine During Cardiac

Operations
Simon J. Mitchell, MB, ChB, Ora Pellett, MSc, and Des F. Gorman, PhD

Royal New Zealand Navy Hospital, Cardiothoracic Surgical Unit and Department of Anesthesia, Green Lane Hospital, and the
Faculty of Medicine and Health Sciences, University of Auckland, Auckland, New Zealand

Ann Thorac Surg 1999;67;1117-24

A 55pts—valve surgery
A Double—BIINdRCT
A Lidocaineor Placebo fod8h

LIDO Dosage Scheme
A bolus

1mg/kg at anaesthesianduction
A Infusion

240mg¥hour - MAOGBumg -260 mg/ h




Cerebral Protection by Lidocaine During Cardiac

Operations
Simon J. Mitchell, MB, ChB, Ora Pellett, MSc, and Des F. Gorman, PhD

Royal New Zealand Navy Hospital, Cardiothoracic Surgical Unit and Department of Anesthesia, Green Lane Hospital, and the
Faculty of Medicine and Health Sciences, University of Auckland, Auckland, New Zealand

Ann Thorac Surg 1999;67;1117-24

A Neuropsychological (NP) Tests

A 10 days, 10 weeks, 6 months
post—surgery

A cognitivef uncti on - |
pts LIDO GroupsPlacebo




CARDIOVASCULAR ANESTHESIA SoCIETY OF CARDIOVASCULAR ANESTHESIOLOGISTS
SECTION EDITOR

KENNETH J. TUMAN Anesth Ana]_g 2002,951134: 41

- The Effect of Lidocaine on Early Postoperative Cognitive
Dysfunction After Coronary Artery Bypass Surgery

Dongxin Wang, MD, PhD*, Xinmin Wu, MD*, Jun Li, MD*, Feng Xiao, MDt,
Xiaoying Liu, MD*, and Meijin Meng, MD*
Departments of *Anesthesiology and tCardiac Surgery, First Hospital, Peking University, Beijing, China

A double—-blind RCT118CABGots
A L | D Qntracperatively

- bolus 1.5 mg/kg

- Infusion 4 mg/kg #¥mgkg CPBPrime
Al early postop cognitive dy

LI DO - 18. 6% / Pl acebo - 40




Cerebral Protection by Lidocaine During Cardiac
Operations: A Follow-Up Study

Simon J. Mitchell, FANZCA, PhD, Alan F. Merry, FANZCA, Christopher Frampton, PhD,
Elaine Davies, Diana Grieve, MA, Brigid P. Mills, MHSc(Hons), Craig S. Webster, PhD,
F. Paget Milsom, FRACS, Timothy W. Willcox, CCP, and Desmond F. Gorman, MD, PhD

Department of Anaesthesiology, University of Auckland, StatistEcol, Mount Eden, and Departments of Anaesthesia, Surgery, and
\ Clinical Perfusion, Auckland City Hospital, Auckland, New Zealand

Ann Thorac Surg 2009;87:820-5

double—Dblind, randomized

Intention —to —treat, follow —up study
appropriately powered design

158 pts —typical mix of procedures

LI DO - 12 hours ver
- bolus 1 mg/kg

- Infusion 2 mg/min2h + 1 mg/min thereafter
similar cognitive decline + LOS in both groups




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

A 241pts—all types of heart surgery
A LIDO-Placebo 48h)

Ano | postop cognitive dysfunc
t L1 DO Dt.anslependent predictors of cognitive decline
A protective effect in non—diabeticpts, 1 year post-surgery

>




Local Anaesthetics

SPINAL CORD (SC) Neuronal Protectio

A LAsCerebralProtection
plasma C €£D50or Na+ channels blockade

>

SCNeuroprotectionfrom Ischaemia
| LAsconcentrations
yet to be established
few experimental literature reports

> > >

Johnson ME. BleurosurgAnesthesio] 2004; 16: 86-83
FUES TummalaRP.CurrOpin Anesthesio] 2005; 18: 18+ 187
SinhaAC, Cheung ACurrOpinAnesthesiol 2010; 23: 95-102



| ocal Anaesthetics
SPINAL CORD (SC) Protection

>» I>» D>

Iv LIDO 0.5 mg/ke porcine model
| s piI n a-devoked potemtial amplitude loss
did not alter neurological deficit rate

KobrineAl et al.JNeurosurg 1984; 60: 59% 601
SvenssonLG et alAnnThoracSurg 1992; 54. 74 79

Regional LIDO Infusionrabbit model
| p e isanaemicSC injury

ApaydinA, Bucket STex HeartnstJ, 2001; 28: 172 176

IT tetracainein rabits
SC injury prevention after 30 miAoX
nol glutamate rel ease

no neurologic— histopathologicoutcome alteration

BreckwoldtWL et al AnnThoracSurg 1991; 51: 959 963
Wakamatsu H et alAnesth Analg, 1999; 88: 562



Acta Anaesthesiol Scand 2007; 51: 60—-67
Printed in Singapore. All rights reserved

Effects of intrathecal bupivacaine in conjunction with
hypothermia on neuronal protection against transient
spinal cord ischemia in rats

J1 RLee, Si MHan,Ji G Leemand Si J Hwang

Intrathecal BUPIVACAINE
A no neuroprotective effects
At hy p ot rneaaopnotecaon
- sensory deficit scores
- neuronal cell death
-HSP70




Do LAsneuroprotectivebenefits outweigh risks?

Johnson MEJNeurosurgAnesthesiol 2004; 16: 8@ 83

Zink W, Graf BMCurrOpinAnesthesiol 2008; 21: 64% 650

TakenamiT et al.Can JAnaesth, 2012; 59: 456 465

Gaulaing Nouette K, CapdevillaX, RossignoR. CurrOpin Anesthesiol 2012,epubahead of print




PERIOPERATIVE NEUROPROTECTION SYMPOSIUM

J Neurosurg Anesthesiol 2004;16:80—-83

Neurotoxicity of Lidocaine: Implications for Spinal Anesthesia
and Neuroprotection

Michael E. Johnson, MD, PhD

A experi ment alAsprmtecpon agaisst SGchaemia
BUT

A intrathecal LAsfor spinalanaesthesia-~ di r ect n 13 ur
A LIDO more neurotoxies BUPI- Tetracaine

A narrow therapeutic index

A implications

spinal anaesthesia+ attempts forneuroprotection




muov) Local anesthetic ‘in-situ’ toxicity during peripheral
nerve blocks: update on mechanisms
and prevention

Curr Opin Anesthesiol 2012, 25:000-000

Karine Nouette-Gaulain®®, Xavier Capdevila®®, and Rodrigue Rossignol?

cellularme c hani s ms 5> not
pleiotropic effects on cell metabolism
tissue ultrastructure alterations in neurons

> > >

)2

not mediated by Na+ channels blockade

Z gl obal CNS t obAsoeerddsy af t er
altered Cat+ homeostasis- biphasic response

mitochondrial energy metabolisnnhibition

> I>» >
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Local Anaesthetics
Dose— Time— Concentration Dependent Action

Neuroprotection or Neurotoxicity

Impact of Discontinuous Dose-Response Curves
on Risk Assessment

WILLIAM SLIKKER, JR., HELEN DUHART, DAVID GAYLOR, AND SYED IMAM

Ann. N.Y. Acad. Sci. 993: 158 (2003)

A multiple mechanisms of action may exist

when full dose response curve is explored
A dose—dependent transitions in principal mechanisms
opportuni t Asneurgprotecsve pbopeeties
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Commentary

Lost in translation: taking neuroprotection from animal models to
clinical trials”

L. Hoyte,* J. Kaur,” and A.M. Buchan®*

*Calgary Stroke Program, Department of Clinical Newrosciences, University of Calgary, Calgary, AB, Canada T2N 2T8
® Calgary Stroke Program, Department of Clinical Neurosciences, University of Calgary, Calgary AB, Canada T2N 2T9

Aexperi ment al HAstemoprotecsveeffgote r t

~

Acdinical evidence -5 |l ess con
A translational failurein search of clinicaheuroprotection
!
A methodological factors
A misconception of experimental studies
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Local Anaesthetics

Neuroprotectiveor Wishful Thinking ???

Mitchell SJ J Extra Corppechno) 2009; 41P37—-P42




