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The following is an excerpt from Defibrillation – What you need to know – Published by the 
National Center for Early Defibrillation. For a copy of this book, contact the National Center for 
Early Defibrillation (www.early-defib.org) or the American Heart Association National Center 
(www.americanheart.org) directly. 
 
ENERGY LEVELS 
Much research has been done to determine the energy required for successful defibrillation. 
Prospective studies of low (175 to 200 joules) versus high (300 to 400 joules) energy for first 
shocks showed no benefit from initial shocks above 200 joules.6 The AHA recommends the 
following energy settings for adults: 200 joules for the initial shock; if the first shock is 
unsuccessful, the second shock should deliver 200 to 300 joules. The third and subsequent shocks 
should be at 360 joules. If ventricular fibrillation recurs after successful defibrillation, the energy, 
which initially converted the patient, should be used.6 

 
Guidelines from the ERC are: 200 joules for the first and second shocks, and 360 joules for 
subsequent shocks.1,4,6 While body weight does not appear to be a major factor in determining 
adult defibrillation energy requirements, children require less energy than adults. Ventricular 
fibrillation is uncommon in children and has been documented in less than 10% of the pediatric 
cases of terminal arrhythmias.5,6,.7 If ventricular fibrillation occurs, however, the AHA and ERC 
recommend a weight dependent energy dose of 1 joule per pound (2 joules per kg) for the 
initial shock. 3,4,5,8 If the first shock is unsuccessful, the energy should be doubled for subsequent 
shocks. 2,4 
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Summary Of Studies Of Waveform Safety & Effectiveness- MRL Biphasic 

Introduction 

Over 30 years ago, MRL – A Welch Allyn Company, patented a unique monophasic 
truncated exponential waveform, which utilized a low peak current, impedance 
compensated defibrillation waveform. The Welch Allyn (MRL) monophasic waveform 
was developed as an alternative to the monophasic damped sine (MDS) waveform (often 
referred to as the Edmark waveform) defibrillator, which was associated with higher 
peak currents and did not actively compensate for varying patient impedances. In fact, 
the Welch Allyn (MRL) monophasic waveform defibrillator delivers less than half of the 
peak current of an MDS waveform defibrillator at equal delivered energies. A new 
Welch Allyn (MRL) defibrillator (the MRL AEDefibrillator 2) has been introduced, 
which offers a biphasic truncated exponential waveform that incorporates Welch Allyn’s 
(MRL) original low peak current, impedance compensation design. The Welch Allyn 
(MRL) biphasic truncated exponential waveform has been extensively tested in multiple 
scientific safety and effectiveness studies. Over 524 fibrillation/defibrillation shock 
episodes have been conducted using the Welch Allyn (MRL) Biphasic waveform 
comparing it to MDS, MTS and another commercially available 2kV biphasic (360 J 
capable) defibrillators. Results of three of the scientific safety and effectiveness studies 
are summarized below. 

STUDY 1 

Objective - To evaluate the Welch Allyn (MRL) Biphasic waveform defibrillator 
against a monophasic damped sinusoidal waveform defibrillator. 

Methods - A canine model (n=5, 71±7 lbs) was used in a study that was approved by the 
Institutional Animal Care and Use Committee. The animals were anesthetized with 20 
mpk sodium pentothal i.v., and maintained as required through an intravenous catheter 
in the foreleg. The external jugular vein was cannulated and a bipolar pacing catheter 
was introduced under fluoroscopic control and advanced into the right ventricle. The 
femoral artery was cannulated and an intra-arterial line was placed for continuous 
measurement of arterial blood pressure. The chest was shaved and defibrillating patch 
electrodes (R2 part number 3200-1715) were placed on the left and right chest walls. 

Fibrillation was induced by delivering 60 Hz current to the right ventricular electrode. 
The energy required to defibrillate was determined by a protocol that has been used in 
several other biphasic comparison studies. An initial shock strength of 50 to 70 joules 
was used.   If successful, VF is reinduced after a 4 minute rest period, and the shock 
strength is reduced by approximately 20% for the next defibrillation attempt. If the 
initial shock fails, a rescue shock is delivered, and after a rest period, VF is again 
induced. The energy is now increased about 20% for the next defibrillation attempt. This 
procedure was continued until at least 3 reversals in result were observed with each 
waveform. Two ED50 estimation procedures were run in parallel, with the device being 
used alternated on each shock. In practice, actual clinical units were used, so the energy 
steps were limited to those selectable on the devices tested.  
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Results - The study consisted of 82 total fibrillation/defibrillation episodes. ID50 peak 
currents and ED50 delivered energies are shown below for each group. The mean 
impedance for these animals was 62 ohms. The mean ED50 energies were compared and 
were found to be significantly different. The significance of difference (p-value) was 
calculated by the Wald test in each case, and are shown below. The mean ED50 peak 
current for the biphasic waveform was 39 percent of that required with the MDS 
waveform. 

Summary Table - ED50 & ID50 

Mean Welch Allyn (MRL) 
AEDefibrillator 2 

Biphasic 

Monophasic 
Damped Sine 

ID50 Peak Current 
(Amps)  

6.4 16.6 

Significance of 
difference (p-value) 

<0.001 

ED50 Delivered 
Energy (Joules)  

26.3 35.3 

Significance of 
difference (p-value)  

0.014 

 

Study 1 Conclusion - The Welch Allyn (MRL) Biphasic waveform is capable of 
converting fibrillation episodes using less energy than the MDS waveform, and requires 
lower peak currents than MDS waveform defibrillators. 

Study 2 

Objective - Comparison of the defibrillation effectiveness of the Welch Allyn (MRL) 
Biphasic waveform defibrillator, with a commercially available Biphasic 2KV 
defibrillator capable of 360 J and a monophasic truncated exponential defibrillator.  

Methods - A canine model (n=6, 61.6 ± 5.5 lbs) was used in a study that was approved 
by the Institutional Animal Care and Use Committee. The animals were anesthetized 
with an intravenous injection of 20 mg/kg sodium pentothal. They were then intubated 
with a cuffed endotracheal tube, and maintained on isoflurane gaseous anesthetic. The 
femoral artery was cannulated and an intra-arterial line was placed for continuous 
measurement of arterial blood pressure, and for acquiring samples for arterial blood gas 
and electrolyte monitoring. The chest was shaved and adhesive defibrillating electrode 
pads were placed on the left and right chest walls. 
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Fibrillation was induced by delivering 60 Hz current to the external electrodes. The 
ED50 energy (that required to defibrillate with 50% probability) was determined by a 
protocol modeled after that of Dixon. An initial shock strength of 30 joules was used, 
which was applied after 15 seconds of ventricular fibrillation (VF). If successful, VF 
was re-induced after a 4 minute rest period, and the shock strength was reduced by one 
energy step for the next defibrillation attempt. If the initial shock failed, a rescue shock 
was delivered, and after a rest period, VF was again induced. The energy was now 
increased one energy step for the next defibrillation attempt. This procedure was 
continued until a nominal sample size of six episodes was achieved (both sides of the 
first reversal in result, plus 4 episodes). Three ED50 estimation procedures were run in 
parallel, with the device being used alternated on each shock. After each of the three 
independent ED50 estimation procedures had been completed, the entire protocol was 
repeated twice more, each time starting all devices at an energy of 30 joules. The ED50 
peak current and energy was then estimated for each animal by logistic regression 
analysis. Individual phase durations and overall pulse durations were measured and 
recorded on each shock. 

Results - The study consisted of 344 total fibrillation/defibrillation episodes. The mean 
ED50 and ID50 estimates (to one decimal place) are shown below.   The significance of 
difference (p-value) was calculated by the Wald test in each case, and are shown below. 
Also shown are the mean total durations measured for each device. 

Summary Table -ED50, ID50, & Duration 

Mean Monophasic 
Waveform 

Welch Allyn 
(MRL) 

AEDefibrillator 2 
Biphasic 

2kV Biphasic 
Waveform 

ID50 Peak 
Current (Amps)   

9.0 6.4 8.3 

Significance of 
difference (p-
value) 

<0.001 
(AEDefibrillator 2 vs. 

Monophasic) 

<0.001 
(AEDefibrillator 2 vs. 

2kV Biphasic) 

ED50 Delivered 
Energy (Joules)  

40.2 21.4 22.7 

Significance of 
difference (p-
value)  

<0.001 
(AEDefibrillator 2 vs. 

Monophasic) 

0.4937 
(AEDefibrillator 2 vs. 

2kV Biphasic) 

Total Duration 
(msec) 

11.9 12.3 13.1 

 

Study 2 Conclusion - The Welch Allyn (MRL) Biphasic waveform was as effective as 
the Biphasic 2KV waveform, and more effective than the monophasic waveform. While 
both biphasic waveforms required less peak current than the monophasic waveform, the 
Welch Allyn (MRL) Biphasic waveform required statistically less peak current than the 
2 KV biphasic waveform defibrillator.  
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Study 3 

Objective - Comparison of the defibrillation effectiveness of the Welch Allyn (MRL) 
Biphasic waveform defibrillator, with a commercially available Biphasic 2KV 
defibrillator capable of 360 J in a simulated higher impedance model. 

Methods - A canine model (n=6, 53.7 ± 6.1 lbs) was used in a study that was approved 
by the Institutional Animal Care and Use Committee. The animals were anesthetized 
with 20 mpk sodium pentothal i.v., and maintained as required through an intravenous 
catheter in the foreleg. The femoral artery was cannulated and an intra-arterial line was 
placed for continuous measurement of arterial blood pressure. The chest was shaved and 
defibrillating patch electrodes were placed on the left and right chest walls. 

Fibrillation was induced by delivering 60 Hz current to the chest electrodes. The energy 
required to defibrillate was determined by a protocol that has been used in several other 
biphasic comparison studies. An initial shock strength of 70 to 100 joules was used. If 
successful, VF was re-induced after a 5 minute rest period, and the shock strength was 
reduced by approximately 20% for the next defibrillation attempt. If the initial shock 
failed, a rescue shock was delivered, and after a rest period, VF was again induced. The 
energy was now increased about 20% for the next defibrillation attempt. This procedure 
was continued until approximately 4 reversals in result were observed with each 
waveform. Two ED50 estimation procedures were run in parallel, with the device being 
used alternated on each shock. In practice, actual clinical units were used, so the energy 
steps were limited to those selectable on the devices tested. The ED50 peak current and 
energy was then estimated for each animal by logistic regression analysis.  

This study simulated a higher impedance patient by having a 32 ohm resistor placed in 
series with each subject.  

Results - The study consisted of 98 total fibrillation/defibrillation episodes. The mean 
ED50 and ID 50 estimates for peak current and energy for each animal (to one decimal 
place) are shown below. The significance of difference (p-value) was calculated by the 
Wald test in each case, and is shown below. Also shown are the mean total durations 
measured for each device. 
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Summary Table - ED50 & ID50 

Mean Welch Allyn (MRL) 
AEDefibrillator 2 

Biphasic 

2kV Biphasic 
Waveform 

ID50 Peak Current 
(Amps)   

5.8 7.4 

Significance of 
difference (p-value) 

<0.001 

ED50 Delivered 
Energy (Joules)  

34.3 32.0 

Significance of 
difference (p-value)  

0.885 

Total Duration 
(msec) 

21.3 15.6 

 

Study 3 Conclusion - The Welch Allyn (MRL) Biphasic waveform was as effective as 
the 2KV Biphasic waveform in this model of a higher impedance patient. When these 
devices are compared on the basis of peak current, the Welch Allyn (MRL) Biphasic 
required less peak current than the 2KV Biphasic waveform.  

Rationale for Animal Studies 

Electrical waveforms for transthoracic ventricular defibrillation have been well studied 
for nearly 50 years. These studies led to the development of monophasic waveforms 
such as the Edmark, Lown, and truncated exponential waveforms which have now been 
used in humans for over 30 years. Starting in the early 1980s, biphasic waveforms have 
been extensively studied in animal models of transthoracic ventricular defibrillation. 
These studies have shown that a wide variety of biphasic waveforms exhibited superior 
defibrillation effectiveness to these conventional monophasic waveforms. In many 
cases, the waveform comparisons performed in animals were repeated in clinical trials 
involving humans. These studies have conclusively demonstrated that well-designed 
animal studies can and do predict the results that will be observed in humans.  

The reasons for conducting animal trials (as opposed to additional human clinical 
studies) are: 

1. Animal studies can use a much larger sample size (more shocks per subject), and 
thus, result in far more accurate comparisons. 

2. Animal studies do not place human subjects at risk from additional (and clinically 
unneeded) shocks. 

3. The animal hearts can be inspected for damage after the defibrillation studies.  
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Waveform Safety & Effectiveness Conclusions: 
These scientific studies have demonstrated that: 

1. The data suggests that the Welch Allyn (MRL) Biphasic waveform in the 
AEDefibrillator 2 is at least as effective as, and may be more effective than either of the 
two tested monophasic waveforms, appearing to allow termination of fibrillation 
episodes using lower energies. 

2. The Welch Allyn (MRL) Biphasic waveform in the AEDefibrillator 2 is as effective 
as the 2KV biphasic truncated exponential waveform in another commercially available 
defibrillator. 

3. The Welch Allyn (MRL) Biphasic waveform in the AEDefibrillator 2 requires less 
peak current to achieve defibrillation effectiveness than either of the two monophasic 
waveforms or the 2KV biphasic truncated exponential waveform that is used in another 
commercially available defibrillator. 
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AHA Statement 
07/01/2003 

American Heart Association says AEDs safe to use on children ages 1 to 8 

DALLAS, July 1 – Automated external defibrillators (AEDs) – devices that shock the heart to 
restore a normal heartbeat after a life-threatening irregular rhythm – are safe for children as 
young as age 1, according to an American Heart Association scientific statement published 
today in Circulation: Journal of the American Heart Association. 

“AEDs are the first line of treatment for cardiac arrests in adults.  Until recently, they were only 
approved for people age 8 and older,” says Ricardo Samson, M.D., associate professor of 
pediatrics, University of Arizona, Tucson, and lead author of the statement.  Prior to this 
statement, children under age 8 could receive manual defibrillation at a hospital but were 
excluded from the automated machines designed for use by emergency personnel, or even lay 
responders outside of a hospital. 

“Typically, a child in cardiac arrest would have to wait for experienced medical personnel to 
evaluate if the rhythm required a shock,” he says.  “What has been shown in adults is that the 
earlier they receive a shock, the greater the chances of survival.  For every minute that 
defibrillation is delayed, survival decreases by 7 percent to 10 percent.  If it’s delayed by more 
than 12 minutes, the chance of survival in adults is less than 5 percent.” 

There is no specific data, but pediatric cardiac arrests occur much less often than adult cardiac 
arrests, Samson says.  “But in those cases where it’s necessary, AEDs can save a young 
person’s life.  Extending their use to younger children may mean more children’s lives may be 
saved.” 

Ventricular fibrillation is an extremely fast and chaotic heart rhythm during which the heart’s 
lower chambers (ventricles) quiver and don’t pump any blood.  AEDs diagnose heart rhythms, 
differentiating those that need a defibrillating shock from those that don’t.  The devices can be 
operated by bystanders or emergency responders such as paramedics or police officers. 

AEDs were originally designed for adults, but they now have been shown to also accurately 
diagnose a child’s heart rhythm.  Some AED manufacturers now offer pediatric-sized electrode 
pads with cables that reduce the adult-size shock to a level more suitable to children 1 to 8.  

“With that information, we are issuing the statement that AEDs can now be used on children 
with no signs of circulation as young as 1 year of age,” Samson says. 
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However, even an AED without pediatric electrode pads can be used on children 1 and older. 

Authors of the statement include pediatric specialists in intensive care, cardiology and 
anesthesia.  Their review of the literature on AED use in children also reaffirms previous 
recommendations that: 

• there is insufficient evidence to suggest that AEDs be used in children younger than age 
1 

• rescuers working alone should first try a minute of cardiopulmonary resuscitation (CPR) 
before any other action on children, because some unconscious children may be revived 
by rescue breaths alone if they are not suffering a cardiac problem 

• defibrillation is recommended for documented ventricular fibrillation. 

There is a widespread misconception that smaller children should get proportionately lower 
shock doses.  But the research suggests that children might need higher doses than what was 
previously thought for effective defibrillation, Samson says.  More research is needed to 
determine the optimum dose in children, he says. 
“We encourage manufacturers to test their rhythm detection software in their AEDs against 
‘libraries’ of previously recorded pediatric rhythms.  That provides information on the device’s 
accuracy for determining if a shock should be delivered to a child or not,” he says. 
AEDs are often available in public places where large numbers of people might gather such as 
airports, theaters, casinos and sports stadiums.  People trained to use them can include non-
medical personnel who have been designated to respond with the devices should someone 
collapse. 
“It’s important that more people are trained in CPR and AED use.  Site-specific response plans 
must also be in place to ensure that an AED gets to the victim,” Samson says.  “There have 
been situations reported where an AED was available but a child died because there was no 
one trained to retrieve and use the device.” 
 
 
Statement co-authors are: Robert A. Berg, M.D.; Dominique Biarent, M.D.; Bob Bingham, 
MBBS; Ashraf Coovadia, M.D., Mary Fran Hazinski, R.N.; Robert W. Hickey, M.D.; Vinay 
Nadkarni, M.D.; Graham Nichol, M.D. M.P.H.; Amelia Reis, M.D.; Jim Tibballs, MBBS; Sandy 
Tse, M.D.; David Zideman, MBBS ; Jerry Potts, Ph.D.; Karen Uzark, Ph.D. and Diane Atkins, 
M.D. 

 
 

The statement will also published in Pediatrics and Resuscitation. 
NR03-1098 (Circ/Samson) 
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THREE TRANSTHORACIC BIPHASIC WAVEFORM DEFIBRILLATORS THREE TRANSTHORACIC BIPHASIC WAVEFORM DEFIBRILLATORS 
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ABSTRACTABSTRACT

Biphasic truncated exponential (BTE) waveforms are 
now being implemented in all new transthoracic
defibrillators. Not all BTE waveforms are the same, but 
the direct comparison of BTE defibrillators is rare. Here 
we compared the efficacy of Zoll, Agilent, and Welch 
Allyn defibrillators in a model that simulates normal and 
higher impedance patients
Methods - Canines (n=6, 23.9 +/- 2.4 kg) were 
anesthetized and adhesive defibrillating patches 
attached. ED50 peak current and energy required to 
reverse VF (15 sec duration) were then estimated for 
each animal at normal and higher impedance (+ 32 Ω) 
by logistic regression. 
Results - Shown in table.  Significance between devices 
at p<0.01 level indicated by (*).  All devices required 
significantly higher energy with higher impedance.
Conclusion – All 3 defibrillators required higher energy 
for higher impedance animals, but ED50s did not differ 
between defibrillators.  Peak currents required were 
lower with Zoll and Welch Allyn for normal impedance, 
and were lower with Welch Allyn for simulated higher 
impedance patients.

BACKGROUNDBACKGROUND

•Biphasic waveforms are now generated by all 
implantable cardioverter defibrillators (ICDs), and 
are now being implemented in most transthoracic
defibrillators.

•Not all biphasic waveforms are the same, as is shown 
graphically in Figs. 1, 2, and 3.  

•Comparison of the efficacy of biphasic waveform 
defibrillators is rare, and is difficult to perform in 
humans. 

•Human transthoracic impedance has been shown to 
vary from 40 to more than 170 ohms. 

•Different defibrillators compensate for variations in 
impedance in different ways as is shown graphically 
in Figs. 1, 2, and 3.  

•Comparison of the impedance compensation 
strategies of commercial defibrillators is rare, and is 
difficult to perform in experimental models.

OBJECTIVEOBJECTIVE

To compare the defibrillation efficacy of three 
commercial biphasic waveform transthoracic
defibrillators.  A Welch Allyn AED 20 was 
compared to a Zoll M Series and a Philips-Agilent
Heartstart XL in two studies that simulated both 
normal and high impedance patients.

METHODSMETHODS

• Canines (n=6, 23.9 ± 2.4 kg) were anesthetized 
with IV injection of sodium pentothal and 
maintained under isoflurane gaseous anesthetic.

• Self-adhesive external defibrillation electrodes 
(Welch Allyn) were attached to the shaved chest.

• Fibrillation was induced with 1 sec 60 Hz 
alternating current waveform and the test shock 
was delivered after 10 sec VF.

• Three defibrillators were compared at the normal 
impedance observed in this model (62 ohms).

• Defibrillators were also compared at a higher 
impedance by adding a 32 ohm resistor in series 
with the animals.

• An up-down protocol was used to select the 
energy levels for each defibrillator, and the 
defibrillator used was alternated on each episode. 

• Logistic regression analysis was used to estimate 
the ED50 peak current and energy.

RESULTSRESULTS

• Data from both studies are shown in Table 1.

• Mean impedance for normal animals was 62 
ohms and for higher impedance animals was 94 
ohms (including 32 ohm added resistor). 

• All three defibrillators required significantly 
higher energy with the simulated higher 
impedance animals, but there were no 
significant differences among defibrillators.

• Mean ED50 peak currents required to 
defibrillate the normal impedance animals were 
lower with Welch Allyn and Zoll defibrillators.

• Mean ED50 peak currents required to 
defibrillate the higher impedance animals were 
lower with the Welch Allyn defibrillator.

• Total pulse durations for each shock are shown 
in Fig. 4 plotted against total circuit resistance.

CONCLUSIONSCONCLUSIONS

• The three biphasic waveform defibrillators 
were equally effective on the basis of 
delivered energy.

• All three biphasic waveform defibrillators 
required higher delivered energy to 
defibrillate higher impedance animals.

• In normal impedance animals, Welch Allyn 
and Zoll required less peak current to 
defibrillate than Philips-Agilent.

• In higher impedance animals, Welch Allyn 
required less peak current to defibrillate than 
Zoll or Philips-Agilent.

• Adding a series resistance allowed the 
defibrillators to be tested at an impedance 
higher than average human impedance.
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TABLE 1TABLE 1

Impedance Normal (62 Ω) High (94 Ω) 
Device Current Energy Current Energy 
Zoll 6.7 A* 21.2 J 7.2 A 26.6 J 
Agilent 9.9 A 23.4 J 8.9 A 28.9 J 
Welch Allyn 6.0 A* 24.6 J 5.3 A* 29.4 J 

 

Figure 4. Shown are the observed total durations (in msec) for 
each shock as a function of net resistance.  Welch Allyn is shown 
in Red, Agilent in Green and Zoll in Blue.

Figure 1. These graphs demonstrate the output of a Welch Allyn 
AED20 defibrillator at an energy setting of 150 joules, into patient 
impedances of 25, 50, and 100 ohms from Rheinberger et al, 2003.

Figure 2.  These graphs demonstrate the output of a Philips – Agilent
Heartstart XL defibrillator at an energy setting of 150 joules into 
patient impedances of 25, 50, and 100 ohms. From Achleitner, 2001.

Figure 3.  These graphs demonstrate the output of a Zoll M Series 
defibrillator at an energy setting of 150 joules into patient impedances 
of 25, 50, and 100 ohms. From Achleitner, 2001.
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ABSTRACTABSTRACT
Biphasic truncated exponential (BTE) waveforms are generated by all modern 
implantable cardioverter defibrillators (ICDs), and are now being implemented 
in transthoracic defibrillators.  However, not all biphasic waveforms are the 
same. Here the efficacy of 3 commercial transthoracic defibrillators was 
compared: a Physio-Control (PC) BTE, a Medical Research Labs (MRL) BTE, 
and a MRL monophasic (Mono) defibrillator.
Methods: Canines (n=6, 61.6 ± 5.5 lbs) were anesthetized with sodium 
pentothal, and maintained on isoflurane.  Adhesive defibrillating electrode pads 
(R2, 3200-1715) were placed on the shaved left and right chest walls.  
Ventricular fibrillation (VF) was induced with 60 Hz current, and allowed to 
persist for 10 seconds. The ED50 energy data were acquired by an up-down 
protocol modified after that of Dixon, starting with a delivered energy of 30 
joules. Three ED50 procedures were run in parallel, with the device being used 
alternated on each shock.  After the three independent ED50 estimation 
procedures had been completed, the entire protocol was repeated twice more, 
each time starting all devices at an energy level of 30 joules. The ED50 peak 
current and energy was then estimated for each animal by logistic regression 
analysis. 
Results: Mean ED50 peak current and energy estimates are shown in the table 
below.  MRL BTE mean peak current was lower than MRL Mono and PC BTE 
(p < 0.001), while PC BTE was lower than MRL Mono (p < 0.001).  The mean 
ED50 delivered energy for both the MRL BTE and PC BTE were less than 
MRL Mono (p < 0.001).
Conclusion:  The MRL BTE waveform was as effective as the PC BTE 
waveform at equal energies, while requiring significantly less peak current.  
Both BTE waveforms were superior to the MRL Mono waveform.

BACKGROUNDBACKGROUND
Biphasic waveforms have become the waveform of choice for 

implantable cardioverter defibrillators (ICDs), and are now being 
implemented in transthoracic defibrillators.  A monophasic
truncated exponential waveform defibrillator has been 
manufactured by Medical Research Laboratories (MRL) for 30 
years, as a low current alternative to the Edmark waveform 
defibrillators, which have dominated the market.  The MRL 
monophasic waveform defibrillator delivers less than half of the 
peak current of an Edmark waveform defibrillator at equal delivered 
energies.  

A new MRL defibrillator has been developed, which extends 
this low peak current concept to biphasic waveforms.  The MRL 
defibrillators utilize a larger capacitance (500 microfarads) than 
other available models, such as the PhysioControl Lifepak
defibrillators (200 microfarads), or the Agilent Forerunner (100 
microfarads), and therefore deliver a lower maximum voltage at any 
given energy level, with lower tilt and higher terminating current.  

A recent study compared the defibrillation efficacy of the 
MRL biphasic waveform to the Edmark waveform in transthoracic
defibrillation of canines (ACC, 2002).  This study found that the 
MRL biphasic waveform mean ED50 delivered energy was 25 
percent less than that required with the Edmark waveform (p = 
0.014).  In addition, the mean ED50 peak current required for the 
MRL biphasic waveform was 61% lower than that required by the 
Edmark waveform (p<0.001).

Studies directly comparing the efficacy of commercial 
biphasic waveform defibrillators are rare, but are necessary to 
compare the different biphasic waveforms.  Here the defibrillation 
efficacy of commercial units generating the MRL biphasic 
waveform, the MRL monophasic waveform, and the PhysioControl
biphasic waveform are compared in transthoracic defibrillation of 
canines.

OBJECTIVEOBJECTIVE
To compare the efficacy of three commercially 
available defibrillators in a canine model:

MRL Life Quest – Monophasic

MRL Life Quest – Biphasic

PhysioControl Lifepak 12 - Biphasic

METHODSMETHODS
• This study was approved by the Institutional Animal Care and Use

Committee of the University of Missouri - Columbia, MO.  

• Canines (n=6, 61.6 ± 5.5 lbs) were anesthetized with IV injection of 
20 mg/kg sodium pentothal  and maintained on isoflurane gaseous 
anesthetic.  

• The femoral artery was cannulated and an intra-arterial line was 
placed for continuous measurement of arterial blood pressure, and 
for acquiring samples for arterial blood gas and electrolyte 
monitoring.  

• The chest was shaved and adhesive defibrillating electrode pads (R2, 
320-1715) were secured on the left and right chest walls.

• Fibrillation was induced with 60 Hz current and maintained for 10 
seconds.

• The ED50 energy was estimated for each device in parallel three 
times, with a protocol modified after that of Dixon, starting at an 
energy level of 30 J each time.  

• The ED50 peak current and energy was then estimated for each 
animal by logistic regression analysis. 

• Individual phase durations and overall pulse durations were 
measured and recorded on each shock.

RESULTSRESULTS

CONCLUSIONSCONCLUSIONS
When compared in terms of delivered energy, the MRL 
biphasic waveform was as effective as the Physio-
Control biphasic waveform, and both were more 
effective than the MRL monophasic waveform.

When compared in terms of peak current, both biphasic 
waveforms required less peak current than the 
monophasic waveform, but the MRL biphasic also 
required less peak current than the Physio-Control 
biphasic waveform.

Therefore in this model, the MRL biphasic waveform 
was as effective as the Physio-Control biphasic 
waveform, while requiring less peak current. 
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22.7 J21.4 J40.2 JMean ED50 Delivered Energy

8.3 A6.4 A9.0 AMean ED50 Peak Current

PC BTEMRL BTEMRL Mono 

n.s.n.s.n.s54.7 ohms55.9 ohms54.2 ohmsImpedance

< 0.0001

0.49

< 0.0001

2 vs 3

< 0.0001

< 0.0001

0.0081 

1 vs 3

< 0.0001

< 0.0001

< 0.0001

1 vs 2

P Values for Comparing Data at Left

13.1 msec.12.3 msec.11.9 msec.Total Duration

22.7 Joules21.4 Joules40.2 JoulesDelivered Energy

8.3 Amps6.4 Amps9.0 AmpsPeak Current

PC Biphasic
(3)

MRL Biphasic
(2)

MRL Mono
(1)

Summary Table - ED50 Estimates, Durations, and Impedance

FIGURE 1FIGURE 1
Representative waveforms for MRL biphasic, PC biphasic and 
MRL monophasic units (left to right) with 50 ohm load at 150 J.
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