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CARDIAC ARRESTCARDIAC ARREST
•• Sudden cardiac death occurs 700/day, Sudden cardiac death occurs 700/day, 

255,000 annually255,000 annually

•• 50% of deaths due to ASHD are sudden 50% of deaths due to ASHD are sudden 

•• Long term survival in large cities = 1Long term survival in large cities = 1--2 %2 %
(infrequent bystander CPR, long transport)(infrequent bystander CPR, long transport)

•• NYC 26/2,329 (1.1%) survived to D/CNYC 26/2,329 (1.1%) survived to D/C

•• KellermanKellerman: 3,400 unsuccessful pre: 3,400 unsuccessful pre--hospital hospital 
arrests 0.47% survived to D/C arrests 0.47% survived to D/C 
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PostPost--Ischemic Cerebral Ischemic Cerebral 
ReperfusionReperfusion

• CPR restores ROSC in about 70,000 
patients a year in the US 

• 60% of these die from neurologic 
complications

• Only 3-10% of resuscitated patients are 
able to resume their former lifestyles

Krause GS, Kumar K, White BC, Aust SD, Wiegenstein JG. Ischemia, resuscitation, and 
reperfusion: Mechanisms of tissue injury and prospects for protection. Am Heart J 1986; 
111:768-80.
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Neuronal ViabilityNeuronal Viability
•• Viability is flow dependant & regionalViability is flow dependant & regional

•• Functional  loss  as flow decreases:Functional  loss  as flow decreases:
•• Normal > 60 ml/100gm/minNormal > 60 ml/100gm/min
•• protein synthesis < 55 ml/100gm/minprotein synthesis < 55 ml/100gm/min
•• anaerobic glycolysis < 35 ml/100gm/min anaerobic glycolysis < 35 ml/100gm/min 
•• neurotransmitter release < 20 ml/100gm/min neurotransmitter release < 20 ml/100gm/min 
•• anoxic depolarization < 15 ml/100gm/minanoxic depolarization < 15 ml/100gm/min

•• Selectively vulnerable neuronal zones:Selectively vulnerable neuronal zones:
•• Hippocampus CA Hippocampus CA 1&41&4 , Cerebral cortex 3, Cerebral cortex 3--5,5,

Cerebellar Cerebellar purkinjepurkinje cellscells
Brian J. O’Neil MD, FACEP

Neuronal ViabilityNeuronal Viability
•• Penumbra:Penumbra: neurons which are neurons which are 

functionally silent but energy functionally silent but energy 
metabolism is preserved metabolism is preserved 
•• fundamentally salvageablefundamentally salvageable

•• Normal Neurons threatened at:Normal Neurons threatened at:
•• < 15 ml/100gm/min< 15 ml/100gm/min
•• CPP < 30 mmHgCPP < 30 mmHg

•• CPP = MAP CPP = MAP -- ICPICP
•• Cerebral venous PO2 < 20 torr.Cerebral venous PO2 < 20 torr.
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PostPost--Arrest Arrest 
EncephalopathyEncephalopathy

•• Brain ATP depletion, ion pumps and Brain ATP depletion, ion pumps and 
tissue pHtissue pH-- restored rather quicklyrestored rather quickly

•• perfusion failureperfusion failure
•• vasoconstriction, platelet aggregation, vasoconstriction, platelet aggregation, 

precapillary cellular edema, abnormal precapillary cellular edema, abnormal 
calcium ion fluxes calcium ion fluxes 

•• rere--oxygenation injuryoxygenation injury
•• extracerebral organ dysfunctionextracerebral organ dysfunction
•• blood derangements due to stasisblood derangements due to stasis
•• postpost-- arrest inflammatory processarrest inflammatory process

Brian J. O’Neil MD, FACEP
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ED Neuroprotection: ED Neuroprotection: 
Key Key ConceptsConcepts

• Outcome related to infarct volume
• Save Viable tissue: Rx ischemic 

penumbra
• Therapeutic window is short
• Primarily selective neuroprotectants 

tested
• Fundamental questions still need to be 

addressed
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Stroke Pathophysiology, Stroke Pathophysiology, 
NeuroprotectantsNeuroprotectants

Lubeluzole
Fosphenytoin
Sipatrigine
Riluzole
Lamotrigine
Lifarizine
Maxipost

Brian J. O’Neil MD, FACEP

Aptiganel
Selfotel
GV-150526
CP-101606
Eliprodil
ACPC
ACEA 1021
Dizocilpine
Dextromethorphan
NBQX

Stroke Pathophysiology, Stroke Pathophysiology, 
Neuroprotectants: GlutamateNeuroprotectants: Glutamate
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Stroke Pathophysiology, Stroke Pathophysiology, 
NeuroprotectantsNeuroprotectants

GM1
Piracetam
PNA
Enlimomab
Citicoline
CX295
Ceresine
Magnesium

Brian J. O’Neil MD, FACEP

Stroke Pathophysiology:Stroke Pathophysiology:
Free Radical FormationFree Radical Formation

Tirilazad
PEG-SOD
Citicoline
Ebselen
NXY-059

Brian J. O’Neil MD, FACEP

Neuroprotection Neuroprotection 
19551955--20002000

00Trials with Positive ResultsTrials with Positive Results
21,44521,445Patients EnrolledPatients Enrolled

114114RCTsRCTs PerformedPerformed
4949Neuroprotective Agents TestedNeuroprotective Agents Tested

Kidwell CS et al. Stroke 32(6):1349-59.

Trials of Neuroprotection Agents in Stroke:

Brian J. O’Neil MD, FACEP

NXYNXY--059 (059 (CeroviveCerovive))

2006;354(6):588-600.

Brian J. O’Neil MD, FACEP

NXY NXY –– 059 059 
CharacteristicsCharacteristics

•• NXYNXY--059 (059 (CeroviveCerovive)) is an intravenous, is an intravenous, 
nitronenitrone--based, free radical trapping based, free radical trapping 
agent agent 

•• Preclinical trials positive in Preclinical trials positive in 
rats/primatesrats/primates

•• Effective after 4 hours of ischemiaEffective after 4 hours of ischemia
•• Significant dose responseSignificant dose response

Brian J. O’Neil MD, FACEP

SAINT I TrialSAINT I Trial
((SStroke troke –– AAcute cute IIschemic schemic –– NNXYXY--059 059 TTreatment)reatment)
•• RCT DesignRCT Design

•• 72 hr treatment window72 hr treatment window
•• NXYNXY--059 vs placebo059 vs placebo

•• EligibilityEligibility
•• CT/MR consistent with AISCT/MR consistent with AIS
•• Previous independencePrevious independence
•• NIHSS NIHSS ≥≥6 including limb weakness6 including limb weakness

•• tt--PA permittedPA permitted
•• < 6hr ictus to treatment< 6hr ictus to treatment

•• Forced allocation to achieve mean time Forced allocation to achieve mean time 
from onset to start of treatment from onset to start of treatment ≤≤ 4 hrs4 hrs

Lees KR et L. N Engl J Med 2006;354(6):588-600.
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Primary Outcome (ITT):Primary Outcome (ITT):
mRSmRS at 90 Daysat 90 Days

Lees KR et L. N Engl J Med 2006;354(6):588-600.

Brian J. O’Neil MD, FACEP

NXYNXY--059 Number Needed to 059 Number Needed to 
Treat:Treat:

282800--3 vs 43 vs 4--66
484800--2 vs 32 vs 3--66
424200--1 vs 21 vs 2--66
23230 vs 10 vs 1--66

NNTNNTmRSmRS

Saver J. UCLA Stroke Center

Brian J. O’Neil MD, FACEP
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NxyNxy--059 Safety 059 Safety 
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Lees KR, et al. New Engl J Med. 2006;354:588-600.
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SAINT IISAINT II
•• NXYNXY--059 failed to meet the primary 059 failed to meet the primary 

outcome of significant reduction in strokeoutcome of significant reduction in stroke--
related disabilityrelated disability

•• modified Rankin Scale (modified Rankin Scale (mRSmRS) (p=0.33, odds ) (p=0.33, odds 
ratio 0.94)ratio 0.94)

•• National Institutes of Health Stroke Scale National Institutes of Health Stroke Scale 
(NIHSS) (p=0.70)(NIHSS) (p=0.70)

•• No evidence of lowering the incidence of No evidence of lowering the incidence of 
symptomatic ICH with symptomatic ICH with rtrt--PA (p=0.56). PA (p=0.56). 
Mortality and adverse events were similar Mortality and adverse events were similar 
to placebo.to placebo.
““. AstraZeneca plans no further development of NXY. AstraZeneca plans no further development of NXY--059 059 

in acute ischemic strokein acute ischemic stroke ..””
Brian J. O’Neil MD, FACEP

Why have neuroprotection Why have neuroprotection 
agents failed?agents failed?

•• Wrong theoretical conceptWrong theoretical concept
•• Treatment initiated too lateTreatment initiated too late
•• Stroke heterogeneityStroke heterogeneity
•• Inadequate DosingInadequate Dosing
•• Trials underpoweredTrials underpowered
•• Wrong outcome measures Wrong outcome measures 
•• Insensitive statistical techniquesInsensitive statistical techniques
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What can we do now?What can we do now?
•• Correct base deficit to < 5 mEq/LCorrect base deficit to < 5 mEq/L

•• NaHCO3 produces transient NaHCO3 produces transient 
worsening of myocardial worsening of myocardial 
hypercapneahypercapnea

•• best buffer ?best buffer ?
•• NaHCO3NaHCO3--causes mild transient causes mild transient 

hypercarbia that appears harmless hypercarbia that appears harmless 
to heart and head if with to heart and head if with 
hyperventilationhyperventilation

Brian J. O’Neil MD, FACEP

What can we do now?What can we do now?
•• Brief hypertensive bout to SBP 150Brief hypertensive bout to SBP 150--200, 200, 

MAP of 130mmHg at ROSCMAP of 130mmHg at ROSC
•• at little as five minutes abolishes the noat little as five minutes abolishes the no--

reflow phenomenonreflow phenomenon
•• brief hypertension correlates with good brief hypertension correlates with good 

outcome, hypotension portends a poor outcome, hypotension portends a poor 
prognosis.prognosis.

•• most patients with good recoveries do this most patients with good recoveries do this 
on their ownon their own

•• then normotensive to mild hypertension, then normotensive to mild hypertension, 
normocarbianormocarbia, normoxia, normoxia

Brian J. O’Neil MD, FACEP

What Can We Do Now?What Can We Do Now?
•• Monitor temperature: Avoid Monitor temperature: Avoid 

hyperthermiahyperthermia
•• Relaxing doses of paralyticsRelaxing doses of paralytics
•• sedate with benzodiazepines / sedate with benzodiazepines / 

barbituatesbarbituates
•• seizure prophylaxis phenytoin / seizure prophylaxis phenytoin / 

ativanativan

Brian J. O’Neil MD, FACEP

What Else Can We Do Now?What Else Can We Do Now?
•• HCT around 30HCT around 30--35%35%
•• Normalize electrolytesNormalize electrolytes
•• Serum Osm 280Serum Osm 280--330 330 mOsmmOsm/L/L
•• Elevated head 30 degreesElevated head 30 degrees
•• Stress Dose steroids Stress Dose steroids 

•• Hydrocortisone 100 mgHydrocortisone 100 mg
•• Neuro ICUsNeuro ICUs

Brian J. O’Neil MD, FACEP

Hyperglycemia in strokeHyperglycemia in stroke
•• ↑↑ initial Glucose non diabetic CVAsinitial Glucose non diabetic CVAs

•• 3.3 times more likely to die 3.3 times more likely to die (Cape meta(Cape meta--analysis)analysis)

•• Toast study: initial hyperglycemia predicts Toast study: initial hyperglycemia predicts 
outcome from CVAoutcome from CVA

•• Potential mechanisms:Potential mechanisms:
•• ↑↑ catecholamines, i.e. worse stresscatecholamines, i.e. worse stress
•• Increased cerebral acidosis and lactateIncreased cerebral acidosis and lactate

•• ParsonParson’’s et al by MRI and MR spectroscopy: s et al by MRI and MR spectroscopy: 
proved a mechanistic link between proved a mechanistic link between 
hyperglycemia and increased infarct volume hyperglycemia and increased infarct volume 
and lactate productionand lactate production
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Persistent Hyperglycemia and Persistent Hyperglycemia and 
StrokeStroke

Brian J. O’Neil MD, FACEP

So What Else?So What Else?
•• Hamilton and Auer: Normalization of Hamilton and Auer: Normalization of 

glucose levels with insulin ameliorates glucose levels with insulin ameliorates 
neuronal damage neuronal damage 

•• Insulin use in Diabetics with AMI  decrease Insulin use in Diabetics with AMI  decrease 
morbidity and mortalitymorbidity and mortality

•• Strict glucose control with insulin Strict glucose control with insulin 
decreased ICU mortality from 8% to 4.6% decreased ICU mortality from 8% to 4.6% 
((p< 0.04p< 0.04))

•• WWhether due to euglycemia or hether due to euglycemia or 
neuroprotective effects is unknownneuroprotective effects is unknown

Brian J. O’Neil MD, FACEP
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Historical ObservationsHistorical Observations
•• Not Dead till Warm and DeadNot Dead till Warm and Dead

•• Cold patients would wake up in the Cold patients would wake up in the 
MorgueMorgue

•• Kids / Hockey PlayersKids / Hockey Players-- fall through ice, fall through ice, 
long rescue times, but good recoverylong rescue times, but good recovery

•• Hibernation:  state of low oxygen, Hibernation:  state of low oxygen, 
acidosis, low energy supplyacidosis, low energy supply

•• Basic science animal research showed Basic science animal research showed 
promising resultspromising results

Brian J. O’Neil MD, FACEP

Hypothermia: Potential Hypothermia: Potential 
MechanismsMechanisms

• 6% ↓ in metabolic rate per 1° C reduction 
in brain temperature 

• CMR declined to 50% after brain cooling 
to 32 degrees C (CBF & CMR coupled)

• blocks release of excitatory amino acid
• reduces early calcium rise
• reduces calpain specific and cytoskeletal 

damage

Brian J. O’Neil MD, FACEP
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Clinical HypothermiaClinical Hypothermia
• Bernard et al (77 pts)

• external cooling, ice bags, initiated 
by EMS at ROSC 

• 33.5 C within two hours ROSC 
cooled for 12 hours

• Good outcome = 49% v 26%

Brian J. O’Neil MD, FACEP

Clinical HypothermiaClinical Hypothermia
• The European group, 136 pts, 

• VF arrest, comatose, stable 
hemodynamics 

• external cooling device,
• 8 hours = median time to target Temp (32-

34 C) 
• 14.4% did not reach target  T°
• Cooling for a mean of 24 hours
• Good outcome = 55% v 39%

Brian J. O’Neil MD, FACEP

Hypothermia: Hypothermia: 
The Beaumont ExperienceThe Beaumont Experience

INCLUSION
• Patients with witnessed out of hospital 

cardiac arrest of presumed cardiac origin
• any initial rhythm that had ACLS within 15 

minutes
• restoration of spontaneous circulation, 

(ROSC) within 60 mins of collapse 
• able to obtain informed consent by 

representative/family member were enrolled

Brian J. O’Neil MD, FACEP

Hypothermia: Hypothermia: 
The Beaumont ExperienceThe Beaumont Experience

EXCLUSION
• temperature was < 35°C on admission
• pregnant
• had a purposeful response to verbal 

commands
• hypotension (MAP<60) for more than 

30 mins
• oxygen saturation < 86% despite

Brian J. O’Neil MD, FACEP

MethodsMethods
• Patients cooled to 33.5°C for 24 hours
• Gradually rewarmed to 36.0°C over 12 

hours
• Outcomes CPC upon hospital discharge
• Hypothermic patients were compared  to  

historical case matched normothermic 
controls from the OOHCA database 
maintained at WBH

• Compared using witnessed arrest and GCS < 8, 
then by initial rhythm, bystander CPR, and age 
within 5 years

Brian J. O’Neil MD, FACEP

Table 1: Baseline Table 1: Baseline 
CharacteristicsCharacteristics

14142121ROSC AVGROSC AVG
13 (16%)13 (16%)5 (22%)5 (22%)asystoleasystole
5 (6%)5 (6%)4 (17%)4 (17%)peapea

62 (78%)62 (78%)14 (61%)14 (61%)vfibvfib
RHYTHM RHYTHM INITIALINITIAL

45 (56%)45 (56%)13 (56%)13 (56%)BystandBystand CPRCPR
67.967.965.865.8AGE AVGAGE AVG
80802323TOTAL PTSTOTAL PTS

1/971/97--2/062/065/055/05--9/069/06DATESDATES

NORMOTHERMIA NORMOTHERMIA 
PATIENTSPATIENTS

HYPOTHERMIA HYPOTHERMIA 
PATIENTS PATIENTS 



FERNE: Post-Ischemic Neuroprotection
Brian J. O’Neil, MD, FACEP

8

Brian J. O’Neil MD, FACEP

11.211.2

4040--8585

59.959.9

26 (33%)26 (33%)aa

NORMOTHERMNORMOTHERM

14.714.7
ROSC AVG ROSC AVG 
(min)(min)

1616--9090
AGE RANGE AGE RANGE 
(yrs)(yrs)

62.562.5
AGE AVG AGE AVG 
(yrs)(yrs)

P = 0.085P = 0.08512 (52%)12 (52%)
DISCHARGE DISCHARGE 
ALIVEALIVE

Chi Chi 
SquareSquareHYPOTHERMHYPOTHERM

Patients Discharged AlivePatients Discharged Alive

Brian J. O’Neil MD, FACEP
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Brian J. O’Neil MD, FACEP

CONCLUSIONCONCLUSION
• Patients who receive induced 

hypothermia after OOHCA have a 
significant increase in good 
neurologic outcome when 
compared to normothermic case 
matched controls.

Brian J. O’Neil MD, FACEP

What the Future HoldsWhat the Future Holds
•• NMDA/ AMPA receptor antagonist and NMDA/ AMPA receptor antagonist and 

•• phase II trials have recently shown some phase II trials have recently shown some 
efficacy in CHIefficacy in CHI

•• Estradiols and ProgesteroneEstradiols and Progesterone
•• LL--NameName
•• Coronary Bypass/ CPR on way to PCICoronary Bypass/ CPR on way to PCI
•• Hypertensive, hemodilution, Hypertensive, hemodilution, 

heparinizationheparinization
•• Hypothermia during resuscitationHypothermia during resuscitation

Brian J. O’Neil MD, FACEP

What the Future HoldsWhat the Future Holds
Opioid receptor  antagonistsOpioid receptor  antagonists::

•• δδ--, DADLE, , DADLE, κκ opioid receptor, BRLopioid receptor, BRL--5253752537
•• proteins trigger hibernationproteins trigger hibernation

--opiate antagonists reverse hibernationopiate antagonists reverse hibernation
•• prepre--conditioning proteinconditioning protein

-- myocytes and neuronsmyocytes and neurons
•• mechanisms: ATPmechanisms: ATP--K+ channels, PKC, free radicalsK+ channels, PKC, free radicals

--increases ERK and bclincreases ERK and bcl--22

Brian J. O’Neil MD, FACEP

What the Future HoldsWhat the Future Holds
CannabinoidsCannabinoids::

•• most potent antioxidants known, most potent antioxidants known, 
((dexanabinoldexanabinol))

•• Many receptor similarities to Many receptor similarities to opioidsopioids
•• Receptors in hippocampus, Basal Receptors in hippocampus, Basal 

ganglia and cerebellumganglia and cerebellum
•• Affect glutamate, GABA, Affect glutamate, GABA, 

NorepineprhineNorepineprhine and dopamine releaseand dopamine release
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CONCLUSIONSCONCLUSIONS
•• If you do not learn from history you are If you do not learn from history you are 

doomed to repeat their mistakes doomed to repeat their mistakes 
•• There are no silver bulletsThere are no silver bullets

•• Multiple pathways : multiple therapiesMultiple pathways : multiple therapies
•• Single therapy with multiple effectsSingle therapy with multiple effects

•• Make then Make then euboxiceuboxic
•• Tight glucose controlTight glucose control
•• Optimize supply and demandOptimize supply and demand
•• Stress Dose SteroidsStress Dose Steroids
•• Strongly Consider HypothermiaStrongly Consider Hypothermia

Brian J. O’Neil MD, FACEP

COOLCOOL--MI Study ObjectiveMI Study Objective
To evaluate:To evaluate:

the the safetysafety and and effectivenesseffectiveness
of cooling as as adjunctive of cooling as as adjunctive 
therapy to primary PCI for therapy to primary PCI for 
acute myocardial infarction acute myocardial infarction 
compared to PCI alonecompared to PCI alone

Brian J. O’Neil MD, FACEP

Study DesignStudy Design

Major Exclusion Criteria:Major Exclusion Criteria:
•• Previous MI within one monthPrevious MI within one month
•• Cardiogenic shockCardiogenic shock
•• Hypersensitivity to hypothermia, buspirone, or meperidineHypersensitivity to hypothermia, buspirone, or meperidine
•• IVC filter in situIVC filter in situ

Acute MI < 6 hoursAcute MI < 6 hours
Anterior MIAnterior MI

Inferior MI with reciprocal changesInferior MI with reciprocal changes

Primary PCIPrimary PCI Primary PCI &Primary PCI &
Endovascular CoolingEndovascular Cooling

Infarct size 30Infarct size 30--days (SPECT)days (SPECT)
MACE 30MACE 30--daysdays

Brian J. O’Neil MD, FACEP

Endovascular Cooling Endovascular Cooling 
ProtocolProtocol

Cooling Cooling 
(ER or (ER or 

Cath Lab)Cath Lab)

MeperidineMeperidine
5050--75mg initial75mg initial
2525--50mg at 15 minutes 50mg at 15 minutes 

ReRe--warming startedwarming startedPrimary PCIPrimary PCI

Meperidine infusion 25Meperidine infusion 25--30 mg/hr*30 mg/hr*

BuspironeBuspirone
60mg oral60mg oral

Forced Air Blanket (Forced Air Blanket (BairHuggerBairHugger))

**Meperidine bolus 12.5Meperidine bolus 12.5--25mg for shivering25mg for shivering

Target Temp = 33Target Temp = 33ooCC
33--hourshours 11ooC/hrC/hr

Brian J. O’Neil MD, FACEP

Study PopulationStudy Population

RandomizedRandomized
(n=392)(n=392)

193 T / 199 C193 T / 199 C

ITT*ITT*
(n=357)(n=357)

177 T / 180 C177 T / 180 C

With SPECTWith SPECT
(n=325)(n=325)

167 T / 158 C167 T / 158 C

No SPECTNo SPECT
(n=22)(n=22)

4 T / 18 C4 T / 18 C

DeathDeath
(n=10)(n=10)

6 T / 4 C6 T / 4 C

ITT FailuresITT Failures
(n=35)(n=35)

16 T / 19 C16 T / 19 C

TotalTotal
(n=421)(n=421)

RollRoll--inin
(n=29)(n=29)

* * ITT Group = PCI performed; Cooling attemptedITT Group = PCI performed; Cooling attempted
Brian J. O’Neil MD, FACEP

Anterior MI Subgroup Anterior MI Subgroup 
Stratified by TemperatureStratified by Temperature

Infarct Size (% LV)Infarct Size (% LV)

17.9

9.3

21.9

18.2

0

10

20

30

All Cool <35 C >35 C Control

 (%
)

p=0.92p=0.92
p=0.05p=0.05

p=0.30p=0.30

(n=61)(n=61) (n=16)(n=16) (n=38)(n=38) (n=59)(n=59)
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CONCLUSIONSCONCLUSIONS
•• If you do not learn from history you are If you do not learn from history you are 

doomed to repeat their mistakes doomed to repeat their mistakes 
•• There are no silver bulletsThere are no silver bullets

•• Multiple pathways : multiple therapiesMultiple pathways : multiple therapies
•• Single therapy with multiple effectsSingle therapy with multiple effects

•• Make then Make then euboxiceuboxic
•• Tight glucose controlTight glucose control
•• Optimize supply and demandOptimize supply and demand
•• Stress Dose SteroidsStress Dose Steroids
•• Strongly Consider HypothermiaStrongly Consider Hypothermia

Brian J. O’Neil MD, FACEP

Questions?Questions?
www.FERNE.org

boneil@med.wayne.edu
248-898-1301
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