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Are your intentions 
honorable? 









#FOAMed Thanks to Dr. Joe Lex 



Refractory V-Fib (rVF) 





AHA Stats 

• Since 1950 

 

– Death rates CVD      60% 

 

– Recently trending back upward 

 

 



AHA Stats 

• Sudden Cardiac Arrest (OOHCA) 

 

– Survival to hospital DC 9.3% (2022 CARES) 

 

– 72.1% in the home 

 



AHA Stats 

• Awareness & Treatment 

 

– 40% OOHCA had layperson CPR (CARES 2022) 

 

 



AHA Stats 

• Mortality OOHCA (CARES 2022) 

 

– Hospital admission survival 24.9% 

 

– Hospital DC survival 9.3%  

 

– Good functional DC 7.5% 

 



Jude, Kouwenhoven, & 

Knickerbocker 



Dr. Jude 

• Manual pressure to chest could restore 

cardiac output 



Dr. Kuonhoven 

• 1928 – ConEd Study 

 

• 1933 – Discovered defibrillation (dog) 

 

• 1933-1947 – Defib open chest 

 

• 1951 – Closed chest defib 



1957 – 200# prototype 

 

March 17 – First 
human defibrillation 
closed chest 

 

1959-1960 – 20 
patients resucitated 
with closed chest CPR 



Dr. Knickerbocker 

• 1954 – Joins Dr. Kuonhoven 

 

 



Safar “Father of Modern CPR” & 

Hinds “Are My Intentions Honorable” 



Achieving VF Success 

• High Quality CPR 

 

• Optimize defibrillation 

 

• ? Redirect Defibrillation Wave 

 

• Stabilize the Myocardium 



Out-of-Hospital Cardiac Arrest 

• > 350,000/year OOHCA 

 

• ~80,000/year due to VF/VT 

 

• VF/VT “shock refractory” 
– Recurrent (post shock) or incessant (not terminated by 

shock) 

 

• Shock refractory associated with decreased survival 



Recurrent vs Refractory VF 

• Recurrent 
– Defibrillation terminates VF 

– VF returns 

– Not a defibrillation issue 

 

• Refractory 
– Defibrillation does not terminate VF 

– VF persists 

– Defibrillation issue 







ACLS 

VF/VT 

CPR x 2 Minutes  

IV/IO Access 

CPR x 2 Minutes 

Epi q 3-5 Minutes 

CPR x 2 Minutes 

Amiodarone or Lidocaine 

Reversible causes 





Strategies for rVF 

Strategies Effect 

High performance CPR Optimize blood flow 

Defibrillation Terminate VF 







More Recent CPR Data 

• CPR’s ability to resuscitate diminishes quickly 

 

• Odds of surviving despite CPR decline from 22% after 
one minute to less than 1% after 39 minutes 

 

• About two-thirds of patients responded to CPR within an 
average seven minutes 

 
SOURCE: Duration of cardiopulmonary resuscitation and outcomes for adults with 
in-hospital cardiac arrest: retrospective cohort study.  
BMJ 2024; 384 doi:  https://doi.org/10.1136/bmj-2023-076019 (Published 07 February 2024) 

 







Time to Stop 

• Shockable 
– 30 minutes 

 

• Non-Shockable 
– 15minutes 

 

• Unless 
– Refractory shockable AND destination care 





2022 AHA Guidelines 

• Deliver resuscitation AT SCENE rather than 

transport unless  

 

– ECMO 

 

– Cath Lab 





SGEM Transport vs Scene 

Transport On Scene 

ROSC 15.8% 48.3% 

DC Alive 3.8% 12.6% 

DC Good Neuro 
(mRS <3) 

2.6% 10.2% 



What Works? 



High Quality CPR 

• Push Hard 

 

• Push Fast – 100 to 120 
compressions/minute 

 

• Allow for full chest recoil 

 

• Limit interruptions/pauses 



2022 AHA Guidelines 

• CPR fraction > 60% 

– (ACR 95%!!) 

 

• Minimize peri-shock pauses 







CPR Depth and Pre-Shock Pause  



 

• With ventilation rate standardized, chest 

compression (CC) depth explains variations in 

ETCO2 better than chest compression rate. 

 

• Don’t forget that higher CPR ETCO2 

predicts ROSC!! 

 



Defibrillation 



Defibrillation 
Humane Society 1774 
“The Institute for Affording Immediate Relief for 

Persons Apparently Dead from Drowning”  
                        (TIFAIRFPADFD) 

 
 
 

• www.trauma.org 



“A 3 year-old girl, Sophie Greenhill, was pronounced 
dead after a fall. Mr. Squires tried the effects of 

electricity. Delivered shocks to various parts of the 
body, upon transmitting shocks through the thorax, he 
perceived a small pulsation, in a few minutes the child 

began to breathe.” 

































Manual Pressure Augmentation 





Pharmacology 



Epinephrine Origins 



PARAMEDIC2 Trial 

Higher survival w Epi 

BUT 

No difference in good neuro 
outcome 



PARAMEDIC2 





Risks of Epinephrine 
  

– Increases myocardial work,  

– Increases risk of 
tachydysrhythmia,  

– Promotes thrombogenesis 
and platelet activation 

– Reduces microvascular 
perfusion including the CNS  

• (JEM, 2017;52:809).  



Risks of Epinephrine 
• Epinephrine as potential risk 

factor for prehospital re-arrest 

 

– Yamashita, et al, Prehospital 
Emergency Care, February 2020 

 

– Requirement for epi before 
prehospital ROSC was associated 
with  

• Subsequent re-arrest 

• Poorer neuro outcome 



Current Epi Dosing VF – 2020 
 

 

• 1mg IV/IO every 3-5 minutes 

– Think of the puppies 







PARAMEDIC3 

• PrehospitAl RAndomized trial of MEDICation 
route in out-of-hospital cardiac arrest 
(PARAMEDIC3) 

 
– 15,000 out-of-hospital cardiac arrests 

 

– 30 day survival 

 

– April 1, 2021 – March 31, 2025 



San Antonio Epi Dosing - Miramontes 

• 0.5 mg IV q 5-10 minutes 

 

• VF = 2 Doses 

 

• Non-VF = 4 doses 

 

• “No ACLS Card” 



Broward Epi Dosing 

• VF - 1 mg IV then Epi Drip 

 

• Amiodarone 

 

• If PMVT – MgSO4 



Antevy Epi Dosing 

• VF – NO Epi! 



ACR Epi Dosing 

• No Epi Until: 

– HQCPR / Mechanical CPR 

– ITD (Res-Q-Pod) 

– Apneic O2 during ETT or SGA 

– EtCO2 at least 20mmHg before   

 defib/epi 

 



Epi Conclusions?? 

•   ROSC but bad neuro 
 

• Higher doses do not help 
 

• Timing may be important 
 

• We want it to work but…… 



Amiodarone, Lidocaine, Placebo 
Study (ALPS) 

 
Kudenchuk, PJ, et al (2016).  

Amiodarone, Lidocaine, or Placebo in  
Out-Of-Hospital Cardiac Arrest. 

New England Journal of Medicine 
2016 375(8), 802-803 
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What Was Old Is New Again 





ACLS for VF/VT 

VF/VT 

CPR x 2 Minutes  

IV/IO Access 

CPR x 2 Minutes 

Epi q 3-5 Minutes 

CPR x 2 Minutes 

Amiodarone or Lidocaine 

Reversible causes 









“for the person with a heart and brain too 
good to die.”  - Dr. Peter Safar 



Date Author Subject Conclusion 

1986 Chang Canine 

Both healthy and induced infarcted canine hearts with induced 
VF  

DSD shock terminated if single shock did not 

1986 Jones Human 

21 volunteers  with WPW underwent induced VF in EP lab to 
single or double sequential defibrillation 

DSD had lower defibrillation threshold, patients with repeated 
failed single shocks at max voltage had immediate successful 
DSD as “rescue” 

1989 Brady Human 
16 - OOHCA survivors were randomized and demonstrated 
lower defibrillation threshold with DSD 

1994 Hoch 
2,990  

EP lab  

5 patients with rVF resistant to single shocks. 

All 5 VF terminated with first DSD shock 

All 5 survived 



Date Author Subject Conclusion 

2014 Cabanas 
OOHCA  

10 patients 

Successful conversion to NSR in 7/10 patients 

Unfortunately no survivors 

2014  Gerstein 
DSD  

IHCA 

Successful DSD defibrillation after 74 minutes of 
resuscitation 

2015 Lybeck 

40 yo OHCA 
with VF from 

commotio 
cordis 

DSD on 8th attempt 

CT cardiac contusion. 

Normal coronaries on cath. 

DC with full neurological function 

2016 Bowman 21 yo SAD 

DSD on 8th defibrillation attempt 

Conversion to SR 

Cath -> normal coronaries 

DC with CPC 1, back to college, AICD 



Date Author Subject Conclusion 

2016 Johnston 
28 yo  

OHCA 

CPR 

6 single shocks 

1 DSD w ROSC 

Dx w LQT, AICD, CPC 2 

2016 Ross 

3 Years 

 

3470 OHCA 

279 complete data with rVF 

50 DSD, 229 No DSD 

No significant survival difference 

2016  Cortez 

4 Years 

 

2428 OHCA 

12 DSD 

9 converted out of VF 

3 ROSC  - 2 w CPC 1 

2016 Jui 
Prospective 

Study 

28 patients 

12 w conversion from VF   9 w ROSC 

3 survivors w CPC 1-2 (ages 27-81) 



 



DOSE VF Study  (Pilot Study) 2020 

• DOuble Sequential External Defibrillation 
for Refractory Ventricular Fibrillation 

– Cheskes, et al, Resuscitation, 2020 



What They Did 

• Strategy 1: Continued standard defibrillation pads in 
the anterior-lateral configuration 
 
 

• Strategy 2: Vector change (VC) defibrillation with pads 
transferred from anterior-lateral to anterior-posterior 
position 
 
 

• Strategy 3: DSED with intentional delay to ensure rapid 
sequence delivery 

 



DOSE-VF Pilot 
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DOSE-VF Pilot 
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Important Finding 

• There were no reported cases of 
defibrillator malfunction, skin burns, 
difficulty with pad placement or concerns 
expressed by paramedics, families or 
emergency department staff about the 
trial.  



Conclusions 

• Findings suggest the DOSE-VF protocol is 
feasible and safe.  

 

• Rates of VFT and ROSC were higher in the 
VC and DSED than standard defibrillation.  



DOSE-VF Follow-Up 2022 
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• Larger current density 

 

• Broader energy vector 

 

• Even distribution over 
myocardium 

 

• Prolonged shock duration 

 

• More myocytes depolarized 

 

• Reduced defibrillation threshold 
from 1st shock to 2nd shock 

 

• More energy 









Efficacy of DSD 

• Routine use of DSD is not recommended? 



ACLS 2020 & DSD 

• Knowledge Gap 

– High-quality studies comparing DSD with 
standard defibrillation 



ACLS 2020 & DSD 

• Suggest against routine use of DSD 

 

• Requires 
– Training of staff 

– Available defibrillators 

– Track adverse events 
• Harm to patient 

• Defibrillator damage 







Conclusion: When DSED is used, rate of defibrillator 
damage appears to be exceedingly low.  





Refractory VF Treated with Esmolol 

• Resuscitation October 2016 
 

• 41 patients 
• OHCA with refractory VF 
• 25 No Esmolol 
• 16 Esmolol 
• Load 500mcg 
• Infusion 0 – 100mcg/kg/min 



rVF Treated with Esmolol 
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Esmolol After Failure Standard CPR 
with Refractory VF 

• Resuscitation October 2014 

 

• 25 patients 

• 19 No esmolol 

• 6 Esmolol 



Esmolol After Failure Standard CPR 
with Refractory VF 
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First Report of Survival in Refractory VF 
after DSD and Esmolol 

• Boehm et al 

• November 2016 

• Western Journal of Emergency Medicine 



• 67 yom  

• Hx LAD stent 

• ED CP with CPA 

• VF 

 

• First 15 minutes 

– 5 single shocks 

– Epi 1 mg x 4 doses 

– Amiodarone 450mg 



• Decision to use DSD & Esmolol 
 

• DSD x 1, no change 
• Esmolol 80mg IVP (~1000mcg/kg) 
• Esmolol 0.1mg/kg/hr 

(~133mcg/kg/min) 
 

• Circulated x 3 minutes 
 

• 2nd DSD with ROSC and waking up 
 

• Cath lab with LAD lesion/stent 









Stellate Ganglion Block (SGB) 



SGB Indications 
• Ventricular Storm 

 
• rVF 

 
• Persistent VT 

 
• Drug refractory electrical storm 

 
• Unresponsive to “traditional” therapies (ACLS) 



Why? 

• You have tried everything else 
 

• Your patient is going to die 
 

• “Heart too good to die” – Safar 
 

• “Are my intentions honorable - 
Hinds 



POCUS Guided SGB 
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Successful SGB 

• Termination of VF 



PREHOSPITAL 

 

ECMO 

 

VF ARREST 



ARREST Study (2020) 

• The ARREST trial  

 

• Yannopoulos D, et al. Advanced reperfusion 
strategies for patients with out-of-hospital 
cardiac arrest and refractory ventricular 
fibrillation (ARREST) 

 

• Lancet. 2020 Nov 12:S0140-6736(20)  



Patients 
• Adult patients (aged 18-75) OOHCA 

 
• Initial rhythm VF/VT 

 
• No ROSC after three defibs,  

 
• Body size that fit the Lund CPR Assist 

System (LUCAS) 
 

• Estimated transfer time to the emergency 
department of less than 30 minutes.  



Exclusions 
• DNR 
• Trauma or burns 
• Drowning 
• Overdose 
• Pregnancy 
• Nursing home resident 
• Unavailability of the cath lab 
• Contraindications to angiography 
• Contrast allergy 
• Active GI or internal bleeding.   



Intervention 
• ECMO (V-A) 

 
– Straight to cath lab by EMS placed on ECMO. 

 

– There were strict criteria used to discontinue 
resuscitation in this group  

• Two or more of the following:  
– End-tidal CO2 <10 mm Hg 

– PaO2 <50 mm Hg or oxygen saturation <85% 

– Lactic acid >18 mmol/L). 

 



Comparison 

• Standard ALS 

 

– The protocol dictated that resuscitation 
efforts had to continue for at least 15 minutes 
after ED arrival and at least 60 minutes after 
the 911 call. 

 



Outcome 

• The primary outcome was survival to 
hospital discharge.  



Results 

• 30 patients, mean age of 59 years, 83% 
men. 
 

• Large improvement in the primary outcome 
of survival to hospital discharge (43% 
versus 7%).  
 

• Survival to 6 months also better ECMO group 
(43% vs 0%).  



 















A Success Story 

























Better Method Refractory VF? 

• High quality CPR, limited interruption 

 

• Early defib          Early change vector           Early DSD 

 

• Limit epinephrine 

 

• Esmolol bolus and infusion 

 



Summary 

• rVF 
– High quality CPR, Prompt Defib 

 
– ? Limit Epi, ? Lidocaine, ? Amiodarone, ? Bretylium 

 
– Consider defib vector change 
– Consider DSD, Esmolol 
– Consider SGB 
– Prehospital / ED ECMO 
 

 







#FOAMed  &  #LifeLongLearning 
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