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WHY 360 JOULES?: CLINICAL OVERVIEW

A compelling case for 360 joules.

When it comes to defibrillation, energy matters more 
than current.

In terms of shock efficacy, all biphasic waveforms are 
equivalent up to 200 joules.

Not all patients convert at energy levels up to 200 joules.

Biphasic shocks at 360 joules can improve 
defibrillation success.

1

2

4

3



physio-control.com

A wealth of clinical data supports 
biphasic shocks greater than 200 
joules, most of which has emerged 
since the 2005 AHA Guidelines.
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Published Research on Cardiac Arrest Patients Treated with Biphasic Shocks



WHY 360 JOULES?: CLINICAL OVERVIEW

1

Defibrillation technology is complex. Other manufacturers 
spend a great deal of time discussing the merit of current, but 
the fact is, current alone does not determine shock efficacy. 

Decades of research back this up. And while current does play a role in effectively 
converting patients, it is simply not the whole story. The evidence shows that many  
factors influence effective defibrillation, including:

1. Peak current delivered to the patient

2. Shock delivery duration

3. Maintenance of current level throughout shock duration

Energy includes all three elements and has been shown to best describe the 
therapeutic dose delivered to the heart. 

When it comes to defibrillation,  
energy matters more than current.

The evidence1-5

Independently conducted, peer-reviewed studies prove that the level of current delivered by 
the shock does not singularly determine shock efficacy.
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Biphasic waveforms on the market differ with respect to peak 
current delivered, shock delivery duration and how the current is 
maintained throughout the shock. However, five independently 
conducted, peer-reviewed human clinical studies comparing them 
show that shocks of the same energy provide the same success 
rate, even if the level of current is significantly different.1-5

In terms of shock efficacy, all biphasic 
waveforms are equivalent up to 200 joules.

The evidence

• The 2005 AHA Guidelines state, “At this time there is no evidence that one biphasic 
waveform is more outcome-effective than another.” (IV-40)

• The 2010 AHA Guidelines state, “There is no clinical evidence for superiority of any 
specific biphasic waveform over another.” (S644)

Three clinical studies have compared biphasic waveforms used by Physio-Control and 
ZOLL in synchronized cardioversion. The combined results show that, though ZOLL’s 
waveform delivers higher levels of current, the waveforms are equally effective at 200 joules.

Biphasic waveforms are equally effective at 200 joules
The level of current doesn’t determine shock efficacy1, 2, 3 

Physio-Control

200 joules

96% efficacy

(184/192)

ZOLL

200 joules

96% efficacy

(188/195)
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There is clearly room for improvement when shocking difficult- 
to-defibrillate patients. According to published data, biphasic 
shocks don’t always work as well as previously thought, even 
on the first shock. It is especially important to have full energy 
capability, up to 360 joules, to give difficult-to-defibrillate patients 
the best chance of a successful defibrillation.

Not all patients convert at energy 
levels up to 200 joules.

Recurrent VF is common in patients 
with VF cardiac arrest, with studies 
reporting rates as high as 74%.17,18 VF can 
become more difficult to terminate in later 
episodes.17 A small subset of difficult-
to-defibrillate patients accounts for the 
majority of failed shocks17,18 and the data 
shows us that it’s impossible to predict 
who those patients will be. 

The FDA is evaluating the significance of 
17 reports of events since 2009 in which 
a 200 joules biphasic defibrillator was 
ineffective and a subsequent shock  
from a different 360 joules biphasic 
defibrillator resulted in immediate 
defibrillation/cardioversion.

The evidence

Only 7 of the 26 published reports cite first 
shock success rates greater than 90%,6-12 

 others report success rates of 70% or 
less,13-16 including our competitors’ largest 
published data sets:

• Philips® (Kramer-Johansen, et al.16)  
= 70% efficacy

• ZOLL® (Stothert, et al.13) = 67% efficacy
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When low energy shocks fail, escalating energy to 360 joules 
improves shock success.

Biphasic shocks at 360 joules can 
improve defibrillation success.

The evidence

A triple-blinded, multi-center, randomized, controlled trial showed significantly higher 
rates of VF termination and conversion to an organized rhythm when energy was 
escalated to 360 joules rather than maintaining the same first shock dose in patients 
needing more than one shock.20 

The 2010 international consensus for CPR confirms this is supported by high levels of evidence. 
“Evidence from one well-conducted randomized trial (LOE 1) and one other human study (LOE 2)  
employing BTE waveforms suggested that higher energy levels are associated with higher 
shock-success rates.”19 Clinical data support full energy in both VF17,18,20 and AF 21,22 patients.  
In AF studies, looking at variable initial shock energies, a 360 joule shock was recommended  
when the first 200 joule shock failed,22 since a second 200 joule shock is rarely effective.3 

0

5

10

15

20

25

30

35

40

Improved Conversion to  
an Organized Rhythm

Fixed Lower Energy
150-150-150

Escalating Higher Energy
200-300-360

P = 0.03524.7%

36.6%

Fixed Lower Energy
150-150-150

Escalating Higher Energy
200-300-360

P = 0.027

0

10

20

30

40

50

60

70

80

90

100%

Higher VF Termination 
with Higher Energy

71.2%

82.5%

4



1 Alatawi F, Gurevitz O, White RD, Ammash NM, Malouf JF, Bruce CJ, et al. Prospective, 
randomized comparison of two biphasic waveforms for the efficacy and safety of 
transthoracic biphasic cardioversion of atrial fibrillation. Heart Rhythm. 2005;2:382-387. 

2 Kim ML, Kim SG, Park DS, Gross JN, Ferrick KJ, Palma EC, et al. Comparison 
of rectilinear biphasic waveform energy versus truncated exponential biphasic 
waveform energy for transthoracic cardioversion of atrial fibrillation. Am J Cardiol. 
2004;94;1438-1440.

3 Neal S, Ngarmukos T, Lessard D, Rosenthal L. Comparison of the efficacy and safety 
of two biphasic defibrillator waveforms for the conversion of atrial fibrillation to sinus 
rhythm. Am J Cardiol. 2003;92;810-14.

4 Deakin CD, Connelly S, Wharton R, Yuen HM. A comparison of rectilinear and truncated 
exponential biphasic waveforms in elective cardioversion of atrial fibrillation: a 
prospective randomized controlled trial. Resuscitation. 2013;84(3)286-91.

5 Santomauro M, Borrelli A, Ottaviano L, Costanzo A, Monteforte N, Duilio C, et al. 
Transthoracic cardioversion in patients with atrial fibrillation: comparison of three 
different waveforms. Ital Heart J Suppl. 2004;5(1):36-43.

6  Hess EP, Atkinson EJ, White RD. Increased prevalence of sustained return of 
spontaneous circulation following transition to biphasic waveform defibrillation. 
Resuscitation. 2008;77:39-45.

7  White R, Russell JK. Refibrillation, resuscitation and survival in out-of-hospital 
sudden cardiac arrest victims treated with biphasic automated external defibrillators. 
Resuscitation. 2002;55:17-23.

8  Schneider T, Martens PR, Paschen H, Kuisma M, Wolcke B, Gliner BE, Russell JK,  
et al. Multicenter, randomized, controlled trial of 150-J biphasic shocks compared  
with 200- to 360-J monophasic shocks in the resuscitation of out-of-hospital cardiac  
arrest victims. Circulation. 2000;102:1780-7.

9  Koster R, Walker RG, Chapman FW. Recurrent ventricular fibrillation during advanced life 
support care of patients with prehospital cardiac arrest. Resuscitation. 2008;78:252-7.

10  Walker RG, Koster RW, Sun C, Moffat G, Barger J, Dodson PP, Chapman FW. 
Defibrillation probability and impedance change between shocks during resuscitation 
from out-of-hospital cardiac arrest. Resuscitation. 2009; 80:773-7.

11  Whitfield R, Colquhoun M, Chamberlain D, Newcombe R, Davies CS, Boyle R. The 
Department of Health National Defibrillator Programme: analysis of downloads from 
250 deployments of public access defibrillators. Resuscitation. 2005;64:269-77.

12  Van Alem A, Chapman FW, Lank P, Hart AA, Koster RW. A prospective, randomised 
and blinded comparison of first shock success of monophasic and biphasic waveforms 
in out-of-hospital cardiac arrest. Resuscitation. 2003;58:17-24.

13 Stothert JC, Hatcher TS, Gupton CL, Love JE, Brewer JE. Rectilinear biphasic 
waveform defibrillation of out-of-hospital cardiac arrest. Prehosp Emerg Care. 
2004;8:388-92.

14 Edelson DP, Abella BS, Kramer-Johansen J, Wik L, Myklebust H, Barry AM, et al. 
Effects of compression depth and pre-shock pauses predict defibrillation failure during 
cardiac arrest. Resuscitation. 2006;71:137-145.

15 Walsh SJ, McClelland AJ, Owens CG, Allen J, Anderson JM, Turner C, et al. Efficacy 
of distinct energy delivery protocols comparing two biphasic defibrillators for cardiac 
arrest. Am J Cardiol. 2004;94:378-380.

16 Kramer-Johansen J, Edelson DP, Abella BS, Becker LB, Wik L, Steen PA. Pauses in 
chest compression and inappropriate shocks: a comparison of manual and semi-
automatic defibrillation attempts. Resuscitation. 2007;73:212-220.

17 Koster RW, Walker RG, Chapman FW. Recurrent ventricular fibrillation during 
advanced life support care of patients with prehospital cardiac arrest. Resuscitation. 
2008;78:252-257.

18 Walker RG, Koster RW, Sun C, Moffat G, Barger J, Dodson PP, et al. Defibrillation 
probability and impedance change between shocks during resuscitation from out-of-
hospital cardiac arrest. Resuscitation. 2009;80:773-777.

19 2010 International consensus on cardiopulmonary resuscitation and emergency cardiac 
care science with treatment recommendations. Circulation. 2010;122(suppl 2): S327.

20 Stiell IG, Walker RG, Nesbitt LP, Chapman FW, Cousineau D, Christenson J, et al. 
The BIPHASIC Trial: A randomized comparison of fixed lower versus escalating 
higher energy levels for defibrillation in out-of-hospital cardiac arrest. Circulation. 
2007;115:1511-1517.

21 Khaykin Y, Newman D, Kowalewski M, Korley V, Dorian P. Biphasic versus monophasic 
cardioversion in shock-resistant atrial fibrillation. J Cardiovasc Electrophysiol. 
2003;14:868-72.

22 Rashba EJ, Gold MR, Crawford FA, Leman RB, Peters RW, Shorofsky SR. Efficacy of 
transthoracic cardioversion of atrial fibrillation using a biphasic, truncated exponential 
shock waveform at variable initial shock energies. Am J Cardiol. 2004;94:1572-1574.

A defibrillator purchase is an investment that lasts years. 
Choosing LIFEPAK defibrillator/monitors with full energy provides 
you the flexibility you need as guidelines and protocols evolve to 
reflect new understanding and research.

All claims valid as of September 2013.

For further information, please contact Physio-Control at 800.442.1142 (U.S.), 800.895.5896 (Canada) or visit our website at www.physio-control.com
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