
How Long Should We Attempt 
Resuscitation and Expect 
Neurologically Intact Survival? 

Resuscitation Duration 

1 www.wakegov.com 



William F. Buckley and Art Buchwald 

“Dear Bill, I don’t like to brag, but I 
have just received a PLATINUM card 
from Hertz.  There is no where you 
can go after platinum except may 
plutonium.  I’m really afraid to carry 
the card in my pocket because in 
case of a stickup it would be the first 
one the thieves would go for. 
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William F. Buckley and Art Buchwald 

Rumor has it that the underworld will 
now kill for a Platinum card.  You and 
I have both come a long way in the 
journalism profession, but I don’t 
know how much higher you can go 
in life that to become the owner of a 
Platinum Hertz card. 
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William F. Buckley and Art Buchwald 

I would say we have achieved the 
American Dream.” 

 Sincerely, Art Buchwald 
 Washington DC 
 August 24, 1984 
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Delta Loyalty Program 
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Proposed Delta Loyalty Program 
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How I Feel Today 
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40 is the new 20 
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Public Health Announcement 
In wine there is wisdom 
 
In beer there is strength 
 
In water there are bacteria 
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The Plan 

History of project 
§ Question to be answered 
§ SAS role in helping to answer the question 
Results 
Implications of Results 
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Hinchey et al.  Annals of EM 2010;56:348-57 



Wake County Experience 

Community-wide approach to improving 
resuscitation outcomes 
Observational cohort with prospective data 
collection and observation: 
• Continuous compressions 
• Controlled ventilations/working codes “on-
scene” 
• Therapeutic temperature management 





Wake County Experience 
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Wake County Experience 

The combination of compressions, 
controlled ventilations, working arrests 
in the field, and hypothermia increased 
survival by 7% actually and 200% 
relatively 
This is an increase of 3 lives saved per 
100,000 population per year, or 30 
additional lives saved annually in Wake 
County 



Wake EMS CARES: Jan 1 – Dec 31, 
2013 
Data Element	
   Wake County 	
   NC 	
   Nation	
  

 	
    	
    	
  

Total Number	
   463	
   4222	
   31127	
  

Pronounced In Field	
   239 (52%, 47-56%)	
   1558 (37%, 35-38%)	
   8567 (28%, 27-28%)	
  

Pronounced in ED 	
   50 (11%, 8-14%)	
   711 (17%, 16-18%)	
   5215 (17%, 16-17%)	
  

Ongoing Resus in ED	
   174 (38%, 33-42%)	
   1953 (46%, 45-48%)	
   17345 (56%, 55-56%)	
  

Overall Survival to Admit 
 
Overall Survival to DC 
 
Neuro Intact Survival 
 
Utstein 
 
Utstein with Bystander	
  

144 (31%, 27-35%) 
 
69 (15%, 12-18%) 
 
63 (14%, 11-17%) 
 
57 (46%, 40-66%) 
 
32 (53%, 36-70%)	
  

1138 (27%, 26-28%) 
 
452 (11%, 10-12%) 
 
398 (9%, 9-10%) 
 
617 (32%, 28-36%) 
 
356 (35%, 30-40%)	
  

8558 (28%, 27-28%) 
 
3315 (11%, 10-11%) 
 
2588 (8%, 8-9%) 
 
4281 (33%, 32-34%) 
 
2442 (38%, 36-40%)	
  



Now What?  When Should 
We Stop? 
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JAMA 1993;270:1457-62 
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Termination Rules 

Many different studies have looked at 
this question 
NAEMSP official position paper revision 
is in press 
Brief review follows 
Take home:  we have sufficient data to 
adopt termination of resuscitation rules 



CARES Registry Study 

BLS Rule 
Not witnessed by 
EMS 
Non-shockable 
rhythm 
No ROSC 

ALS Rule 
Not witnessed by 
EMS 
Non-shockable 
rhythm 
No ROSC 
Not by-stander 
witnessed 
No bystander CPR 



CARES Registry Study 

BLS Rule 
PPV 99.8% 
(99.6-99.9) 
 
NPV 13.3% 
(12.1-14.6) 

ALS Rule 
PPV 100% 
(99.7-100) 
 
 
NPV 9.1% 
(8.3-10.0) 



30 

History of the Project 

Direct Clinical Question: 
§ “How Long Should We Do CPR On-Scene 
and Still Have Reasonable Expectation of 
Neurologically Intact Survival?” 
§ Historical literature implies no more than 
20 to 25 minutes 
§ We were seeing clinical indicators of 
viability well beyond 25 minutes 
§ We had data – SAS had analysts 
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History of the Project 
How did SAS help? 
§ Multiple factors are known to impact 
survival 
• Age 
• Initial Cardiac Rhythm 
• Witnessed status 
§ Other factors seem to impact survival 
• Presence of continuous compressions 
• Controlled ventilations 
• Presence of induced hypothermia 
§ SAS has the ability to control for these 
variables 
 

www.wakegov.com 



32  
Copyright © 2013, SAS Institute Inc. All rights reserved. Th is  in fo rmat ion  i s  con f iden t ia l  and  covered  under  the  te rms o f  any  SAS agreements  as  execu ted  by  cus tomer  and  SAS Ins t i tu te  Inc .  

WAKE COUNTY EMS MODELING DATASET 

Modeling Dataset - 2906 Observations 
•  Observations excluded from the Model Dataset 

•  Trauma 
•  Age < 16 
•  Resuscitation not Attempted 
•  EMS Witnessed 
•  Code Not in our Control 

•  Variables created to provide ability to subset model  
•  Treatment Phases 
•  Utstein survival 
•  Accuracy of time data for Length of Resuscitation 
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WAKE COUNTY EMS MODELING DATASET 

Treatment Phases 
• Phase 1: Continuous CPR      April 15, 2005 - April 17, 2006  
• Phase 2: ITD         April 18, 2006 - Oct 4, 2006 
• Phase 3: Hypothermia Post-ROSC   Oct 5, 2006 - April 14, 2011  
• Phase 4: Hypothermia Pre-ROSC    April 15, 2011 - Dec 31, 2012 
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WAKE COUNTY EMS DATA TREND BY PHASE (MODEL DATASET) 
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WAKE COUNTY EMS DATA TREND BY PHASE (MODEL DATASET) 
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WAKE COUNTY EMS LOGISTIC REGRESSION RESULTS 
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WAKE COUNTY EMS PREDICTED SURVIVAL PROBABILITY BY INITIAL RHYTHM 

LOR 
minutes 

Asystole VF/VT/ 
Shockable 

PEA/ 
Non 
Shockable 

10 0.0653 0.8445 0.5192 

15 0.0502 0.7679 0.4267 

20 0.0397 0.6685 0.3391 

25 0.0308 0.5513 0.2613 

30 0.0239 0.4281 0.1960 

35 0.0185 0.3132 0.1439 

40 0.0143 0.2175 0.1038 

45 0.0110 0.1448 0.0740 

50 0.0085 0.0935 0.0522 

55 0.0066 0.0592 0.0366 

60 0.0050 0.0369 0.0255 
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WAKE COUNTY EMS PREDICTED PROBABILITY CPC=1,2 BY INITIAL RHYTHM 

LOR 
minutes 

Asystole VF/VT/ 
Shockable 

PEA/ 
Non 
Shockable 

10 0.0830 0.8188 0.4003 

15 0.0503 0.7312 0.3225 

20 0.0320 0.6207 0.2535 

25 0.0196 0.4962 0.1950 

30 0.0119 0.3722 0.1473 

35 0.0072 0.2629 0.1097 

40 0.0044 0.1767 0.0808 

45 0.0027 0.1144 0.0590 

50 0.0016 0.0721 0.0428 

55 0.0010 0.0447 0.0309 

60 0.0006 0.0274 0.0222 



39  
Copyright © 2013, SAS Institute Inc. All rights reserved. Th is  in fo rmat ion  i s  con f iden t ia l  and  covered  under  the  te rms o f  any  SAS agreements  as  execu ted  by  cus tomer  and  SAS Ins t i tu te  Inc .  



40  
Copyright © 2013, SAS Institute Inc. All rights reserved. Th is  in fo rmat ion  i s  con f iden t ia l  and  covered  under  the  te rms o f  any  SAS agreements  as  execu ted  by  cus tomer  and  SAS Ins t i tu te  Inc .  

DURATION  OF RESUSCITATION AND NIT VS NNIT SURVIVAL  
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Conclusions 

 
§ 90 percent of neurologically intact 
survivors had ROSC at 40 minutes of 
resuscitation 
§ 29 of 42 survivors with resuscitation 
beyond 40 minutes had NIS (69%, (CI 
54-81%)). 
• Presence of continuous compressions 
• Controlled ventilations/no hyperventilation 
• Presence of therapeutic temp management 
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Implications 
What Does This Mean? 
§ If we had followed the 25 minute rule, ~ 100 
neurologically-intact survivors would have had their 
resuscitative efforts abandoned prematurely 

§ Prolonged resuscitative efforts with continuous 
compressions, controlled ventilations, and 
hypothermia can reliably produce neurologically 
intact survivors 

§ The next steps are: 
• National scientific presentation in January, 2014 
• Manuscript preparation for peer review publication 
• Analysis of physiologic parameters to assist with prediction 
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Not Certain of This Yet 
How does EtCO2 predict outcomes? 
 
Very preliminary data analysis with 
SAS 
 
We are hoping there will be a 
number 
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End Tidal CO2 
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How Do We Know When to Stop? 
Today: 
• Experienced provider assists, with first 
decision point at 25 minutes after first 
unit arrives 
• EMS Physician is available to assist 
but phone call is not required 
• We think it is a combination of 
rhythm and EtCO2 
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When The Patient is In *&*^ing 
Asystole 
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Specifically, SAS is analyzing: 
•  ~ 3400 attempted resuscitations 
•  For many (but not all) of these, we 

have: 
•  Standard Utstein Information, including CPC 

score for survivors 
•  Initial, highest, lowest, and recording nearest 

30 minutes of EtCO2 

•  Currently, we are uploading 
continuous EtCO2 waveforms 
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What Do We Hope to Learn? 
Does some combination of EtCO2 
values provide actionable 
information regarding the decision to 
continue vs. terminate resuscitative 
efforts? 
 
HINT:  We think it is does 
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Discussion 



ILCOR Timeline 
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Temperature Management 
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Mechanical Compressions 
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Prehospital Temperature 
Management 
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ILCOR  ITD 
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