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Objectives: 

• Post-cardiac arrest syndrome 

• Therapeutic hypothermia 

• Regionalization  

• RACE CARS 
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Variation in Survival VF Arrest 
Resuscitations Outcomes Consortium 

Nichol JAMA. 2008;300(12):1423-1431 
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Post-Cardiac Arrest Syndrome: 

• Brain injury 

• Myocardial dysfunction 

• Systemic ischemia/reperfusion 

• Persistent precipitating pathology 



Brain Injury: 

• CPR restores ROSC in 30 - 70% 

• > 65% die a neurological death 

• Out-of-hospital arrest < 6% survival 

Zheng Z-J, et al. Circulation 2001. 
Circulation 2005. IV-206. 



Landmark Trials 



Safar P, 1961. 
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Abella B, et al. Resuscitation 2005. 
Merchant RM, et al. Crit Care Med 2006. 
Laver SR, et al. Anaesthesia 2006.  
Bigham BL, et al. Resuscitation 2009.  
Toma A, et al. Crit Care Med 2010. 

U.S. Implementation 2005 



Circulation 2010. 
 

 

AHA: 2010 

“Patients who are comatose following 

resuscitation from cardiac arrest should 

be cooled to 32◦C to 34◦C for 12 to 24 

hours.”  

IB Patients with pre-hospital VT/VF 

IIB Patients with in-hospital cardiac arrest                                             

or pre-hospital PEA or asystole    

 



Therapeutic Hypothermia: 

1. Induction 
- Infuse NS 30 cc/kg IV bolus over hour 

- Initiate cooling device 

- Ice packs 

 
2. Maintenance 
- Achieve goal temp 33◦ C 

- Maintain for 24 hours 

 

3. Rewarming 

- Controlled rewarming 



Cooling Techniques: 

• Surface cooling 

– Ice packs 

– Cooling pads 

• Internal cooling 

– Cold (4 C) IVFs 

– Endovascular  

 catheters 

 



Cool Questions: 

• Are cold fluids efficacious? 

• Intra-arrest cooling? 

• Time to goal temperature? 

 



 Are Cold Fluids Efficacious? 

• Decreased temp by 2 C over 30 minutes 

• Improved BP, acid base, renal function 

• Simple, inexpensive 

• Pulmonary edema rare & easily managed 

Bernard SA, et al. Resuscitation 2003; 56:9-13. 

Kim F, et al. Circulation 2005; 112:715-9. 

Polderman, KH et al. Crit Care Med 2005; 2744-2751. 

Kim F, et al. Circulation 2007; 115:3064-70. 

 



Intra-arrest Cooling & ROSC: 

• Retrospective, 551 patients 

• Average fluids infused: 544 mL 

• Pre-hospital ROSC:  

– 36.5% intra-arrest hypothermia 

– 26.9% normothermia 

• Linear relationship between amount 
of cold IVF and ROSC 

Garrett, Resuscitation 2011. 
 

 



How Fast To Cool - Animals? 

• Faster cooling improves neurological 
outcomes 

• Very rapid cooling best (< 2 hours) 

• Numerous animal studies:  
– Sterz F. et al. Crit Care Med 1991; 19:379-389 

– Kuboyama K. et al. Crit Care Med 1993; 21: 1348-
1358 

– Abella B., et al. Circulation 2004; 109:2786-2791 

– Nozari A., et al. Circulation 2006; 113:2690-2696 



Intra-arrest Cooling? 

• 17 dogs 

• VF arrest, CPR, 50 minutes ALS 

• Early (10 min) vs. late (20 min) cooling 

Nozari A et al. Circulation. 2006;113:2690-6.  



Intra-arrest Cooling? 

• Ice packs  

– 34 pigs, CPR for 8 minutes, compared vs normothermia 

– First shock success in 6 of 8 at 33C (1 of 8 at normothermia) 

– Boddicker KA, et al. Hypothermia improves defibrillation success and 

resuscitation outcomes from ventricular fibrillation. Circulation 2005; 111: 

3195-3201. 

• Cold fluids 

– 20 piglets, CPR for 9 minutes 

– All pigs had ROSC except one on hypothermia group 

– Nordmark J, et al. Induction of mild hypothermia with infusion of cold (4 

degrees C) fluid during ongoing experimental CPR. Resuscitation. 2005; 66: 

357-65.  



How Fast To Cool - People? 

• Haugk et al. (3/2011), retrospective, 588 patients 

– Faster cooling rate lead to less favorable outcome  

– Time to goal temp: 209 min. (favorable neuro 
outcome) 

– Time to goal temp: 158 min. (poor neuro outcome) 

 

• Mooney et al. (7/2011), retrospective, 144 patients 

– 20% increase risk of death for each hour delay in 
initiation 

– No association with time to goal temperature  
  



Cerebrovascular Resuscitation: 

• Post-ROSC hypotension 

– Secondary brain injury 

– Worsens prognosis 

• Hypertension (MAP<130) 

– Maintains cerebral flow 

– Pressor support? 

 

 Sundgreen C, et al. Stroke 2001. 



Hypertension &  

Neurological Recovery: 

• Retrospective review 

• 136 post-cardiac arrest patients 

• Epi to keep MAP > 70 by protocol 

• Positive association between good 

neurologic recovery & MAP within 2 

hours after ROSC  

 

 

 

Mullner et al. Stroke. 1996. 





Ventilator Management: 

• Avoidance of hyperoxia 

– Titrate FIO2 rapid to maintain oxygen 

sats > 94% 

– Hyperoxia OR for death 1.8 

• Avoidance of hyperventilation 

– Maintain high-normal PaCO2 (40 to 45 

mm Hg)  

 

Kilgannon JH, et al. JAMA, 2010.  

Peberdy et al, Circulation, 2010.  

 



Post-Cardiac Arrest Syndrome: 

• Brain injury 

• Myocardial dysfunction 

• Systemic ischemia/reperfusion 

• Persistent precipitating pathology 



Hemodynamic Instability:  

Menegazzi JJ, et al. Resuscitation 2008. 



Myocardial Dysfunction: 

• 165 patients with OHCA 

• HD instability at 6.8 hours  

• Initial cardiac index low 

• Cardiac index improved at 24 hrs 

• Superimposed vasodilation 

 

Laurent et al. JACA. 2002.  



Post-Cardiac Arrest Shock:  

• Multi-factorial shock:  

– Cardiogenic  

– Circulatory 

– Distributive 

• A sepsis-like syndrome 



Early Hypotension  

Predicts Mortality: 

• Single-center retrospective study 

• 102 post-cardiac arrest patients 

 

Kilgannon, et al. Resuscitation 2008. 



Post-Cardiac Arrest Syndrome: 

• Brain injury 

• Myocardial dysfunction 

• Systemic ischemia/reperfusion 

• Persistent precipitating pathology 



Early-Goal Directed 

Hemodynamic Optimization: 

• Preload optimization 

• Perfusion pressure support 

• Perfusion optimization 



Early-Goal Directed 

Hemodynamic Optimization: 

• Feasibility study 

• Concurrently with hypothermia 

• CVP > 8 

• MAP  80 to 100 mmHg 

• ScvO2 > 65% 

• Goal: 6 hours of ED presentation 

 

 

 

 

 

 

Gaieski, DF, et al. Resuscitation 2009. 



Early-Goal Directed 

Hemodynamic Optimization: 

• Historical controls (n=18) 

• Prospective protocol (n=20) 

• 72% reached EGDHO goals 

• 78% mortality historical controls 

• 50% mortality in EGD protocol (p=0.15) 

• 28% absolute mortality reduction 

 

 
Gaieski, DF, et al. Resuscitation 2009. 



Post-Cardiac Arrest Syndrome: 

• Brain injury 

• Myocardial dysfunction 

• Systemic ischemia/reperfusion 

• Persistent precipitating pathology 



Percutaneous Coronary 

Intervention (PCI): 

• Pre-arrest symptoms unreliable 

• ST-elevation MI 

• Acute coronary syndrome 

• Initial rhythm 



Emergency PCI: 

• Retrospective, case series 

• 186 witnessed arrest patients with STEMI  

• Shock in 52% 

• PCI successful in 87% 

• Good neuro outcome at six months in 46% 

 

Garot P, et al. Circulation. 2008. 



Garot et al.  Circulation 2007; 115: 1354. 

Cardiac Arrest & STEMI:  

Who Survives? 



PCI & Non-STEMI: 

• Retrospective, Paris, 714 patients 

• STEMI: 96% had lesion 

• Non-STEMI: 58% had lesion 

• Hospital survival: 40% 

• Successful PCI independent predictor of 

survival 

Dumas, et al. Circ Cardiovasc Interv. 2010. 



PCI, Cardiogenic Shock,  

& Hypothermia: 

# of 

arrests 

Coronary 

Angiogram 

PCI IABP 

 

Overall 

Survival 

CPC 1 or 2 CPC 3 to 5 

50 49 

(98%) 

36 

(72%) 

23 

(46%) 

41 

(82%) 

34 

(68%) 

16 * 

(32%) 

Hovdenes J, et al. Acta Anaesthesiology 2007. 

* Patients with CPC 3 to 5 had less bystander CPR, longer time 
to ROSC, and more defibrillations before ROSC 

23 with IABP   CPC 1/2:  14 (61%) 

27 without IABP  CPC 1/2:  20 (74%) 



Post-Cardiac Arrest Syndrome: 

• Brain injury 

• Myocardial dysfunction 

• Systemic ischemia/reperfusion 

• Persistent precipitating pathology 
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AHA 2010: Guidelines: 

• Optimize perfusion 

• Identify & treat precipitating cause 

• Transport to comprehensive post-cardiac 

arrest treatment system 

– Acute coronary interventions 

– Goal-directed critical care 

– Hypothermia 

  
Peberdy, et al. Circulation. 2010. 
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Regionalization Rationale: 

• IOM & AHA endorse regionalized systems 

• Increase utilization of proven interventions 

• Specialized resources at certain centers 

• Correlation between case volume and 

patient outcome 

Mooney, et al. Circulation. 2011. 
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• 140 out-of-hospital cardiac arrest patients 

• ROSC < 60 minutes, presumed cardiac  

• Included regardless of initial rhythm, HD 
instability, STEMI 

• Excluded: DNR, active bleeding, 
comatose before arrest 

 

 

 

 

 

Mooney, et al. Circulation. 2011. 
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Regional System: 

Arrest Characteristics 

• Witnessed: 82% 

• Bystander CPR: 

66% 

• VT/VF 76% 

• PEA/asystole 24% 

 

• STEMI 49% 

• Shock 44% 

• Downtime 22 

minutes 

 

Mooney, et al. Circulation. 2011. 
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Regional System: Outcomes 

• 56% survived 

• 51% good neurological outcome 

• 20% increased risk of death with every 

hour delay in initiation of cooling 

• Time to goal temperature not significantly 

associated with survival 

 

 

 

Mooney, et al. Circulation. 2011. 
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Minneapolis Heart Institute’s  

“Cool It” 

Patient Group 
Good Neurologic 

Outcomes 

Local (n=17/33) 42% 

Referred/Transfer 

(n=58/107) 
54% 

Age > 75 (n=9/30) 30% 

Asystole/PEA (n=7/32) 22% 

Downtime > 30 min 

(n=16/45) 
36% 
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CMC’s Code Cool 

• Started November 2007 

• Total patients to date: 265 

• Transfers: 41% 

• In-hospital arrests: 5% 

• STEMIs: 12% 



Code Cool: More Than Cooling  

• Post-arrest resuscitation bundle 

• Fluid resuscitation via cold IVF 

• MAP > 70 mmHg 

• Therapeutic hypothermia 

• Avoid hyperoxia 

• Avoid hyperventilation 

 

 



49 

Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08 Apr-08 Jul-08 Oct-08 Jan-09 Apr-09 Jul-09 Oct-09 Jan-10 Apr-10 Jul-10

Code Cool Implementation Timeline

Nov-06 - Jul-07

Preparation and Planning

Nov-07

Code Cool Pathway Activation
Sep-08 - Jun-10

Regional Outreach Campaign
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Regionalization 
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Initial Rhythm Survived 
Good Neuro 

Status 

VT/VF (N=55)  34 (62%)  33(60%) 

PEA (N=11) 3 (27%) 3 (27%) 

Asystole 

(N=12) 
4 (33%) 3(25%) 

Code Cool Outcomes: 2011 



Code Cool Outcomes:  
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CMC Code Cool 

Patient Group 
Good Neurologic 

Outcomes 

Local (n=99) 43% 

Referred (n=67) 34% 
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"We aim above the mark  

  to hit the mark."  

  Ralph Waldo Emerson 
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Regional Approach to Cardiovascular Emergencies 

Cardiac Arrest Resuscitation System 

Goal: To improve the survival 

from cardiac arrest by 50% 
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Heart Rescue 



Hospital Response: 

Resuscitation 

Capable Hospital 

• Resuscitate 

• Initiate cooling 

• Transfer  

 

Cardiac Arrest 

Center 

• Hypothermia  

• PCI 

• ICD assessment & 

placement 

 



Resuscitation-Capable Hospital: 

• ACLS protocols 

• Baseline neurologic exam 

• 2 large bore IV 

• ECG = STEMI: activate STEMI plan 

• Implement treatment protocols for STEMI 

and cardiac arrest 

 



Resuscitation-Capable Hospital: 

• Early notification of receiving hospital 

• Early activation of transport plan 

• Send medical records and EMTALA 

 

 

 



Resuscitation-Capable Hospital: 

• Optimize BP to MAP > 80 mmHg 

• Titrate EtCO2 for 35-40 

• Consider CT imaging 

• Induction of hypothermia (cold IVF) 

• Sedation and paralysis 

• Family & staff support 

• Data measurement and feedback 



Cardiac Arrest Center: 

• Ongoing neurological assessment & care 

• Early coronary angiography if not a STEMI 

• ICD evaluation 

• 24/7 cath lab availability for STEMI 

• Rehabilitation Plan 



Hospital Response: 

Resuscitation 

Capable Hospital 

• Resuscitate 

• Initiate cooling 

• Transfer  

 

Cardiac Arrest 

Center 

• Hypothermia  

• PCI 

• ICD assessment & 

placement 
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Take Home: 

• Aggressively resuscitate 

• Establish hypothermia protocols 

• Establish transfer protocols 

• Cardiac arrest centers 
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Thanks RACE CARS 

David.Pearson@carolinashealthcare.org 


