
 

 

 

 

 

CARDIOVERSION AND DEFIBRILLATION 

 

A number of portraits exist of Mary Shelly in middle to late age, but this is the only known 

portrait of her that can be dated to around the time of her writing “Frankenstein” - at the 

extraordinary age of just eighteen years! 

 

At a dinner party one evening on Lake Geneva in 1816, Lord Byron invited his guests each to 

come up with a “Ghost story”. When Mary’s turn came she could not think of anything and so 

the conversation turned to other things, including the latest scientific discoveries involving 

electricity and its power to apparently “animate” dead creatures. She had trouble sleeping that 

night. In her own words: 

 



“Night waned upon this talk, and even the witching hour had gone by, before we retired to rest. 

When I placed my head on my pillow, I did not sleep nor could I be said to think. My 

imagination, unbidden, possessed and guided me, gifting the successive images that arose in 

my mind with vividness far beyond the usual bounds of reverie. I saw – with eyes shut, but 

acute mental vision – I saw the pale student of unhallowed arts kneeling beside the thing he 

had put together. I saw the hideous phantasm of a man stretched out, and then, on the working 

of some powerful engine, show signs of life, and stir with an uneasy, half vital motion. Frightful 

must it be; for supremely frightful would be the effect of any human endeavor to mock the 

stupendous mechanism of the Creator of the world”  

 

Thus was born the story of Frankenstein and his “creation”. Mary Shelley, Lord Byron and 

their early Nineteenth century dinner party companions would have been shocked to learn that 

21
st
 century technology would provide just such an “engine” that could restore the “dead”. 

The electricity-discharging engine is known as a “Defibrillator” and providing it is used within 

4 minutes some “dead” people may indeed be brought back to life! 

 

 

CARDIOVERSION AND DEFIBRILLATION 

 

Introduction 

 

Cardioversion and defibrillation are electrical therapies that are employed to correct certain 

abnormal electrical rhythms of the heart. 

 

Defibrillation is the delivery of electrical energy in the non - synchronized mode  

 

Cardioversion is the delivery of electrical energy in the synchronized mode 

 

Defibrillation can be achieved by either automatic external defibrillators, (AEDs) or by 

manual external defibrillators. 

 

Defibrillation is used in cases of: 

 

● VF 

 

● Pulseless (i.e arrested) VT 

 

Cardioversion is used in cases of: 

 

● Tachyarrhythmias (other than VF or pulseless VT) in “unstable” patients, (unstable may 

 include hypotension, pulmonary edema, altered conscious state, or severe ischemic 

 chest pain) 

 

● Tachyarrhythmias in stable patients in whom medical treatment has not been effective. 

 

● Tachyarrhythmias where electrical reversion may be considered the best first line 

 treatment, (e.g atrial flutter of less than 48 hours duration or WPW AF). 

 

See also separate guidelines on AEDs. 



DEFIBRILLATION 

 

Introduction 

 

Defibrillation is the delivery of electrical energy in the non - synchronized mode, (compared 

to cardioversion where it is delivered in the synchronized mode). 

  

Following the onset of VF or pulseless VT cardiac output ceases and cerebral hypoxic injury 

commences within just 3 minutes. 

 

For complete neurological recovery to occur, early successful defibrillation with a return of 

spontaneous circulation (ROSC) is necessary. 

 

The shorter the interval between the onset of VF/pulseless VT, and defibrillation the 

greater will be thane chances of survival. 

 

Although defibrillation is the cornerstone to the management of patients in VF/ pulseless VT, 

continuous and uninterrupted chest compressions are also required to optimize the chances of 

successful resuscitation .  

 

Even short interruptions in chest compressions (to deliver rescue breaths or perform rhythm 

analysis) reduce the chances of successful defibrillation.  

 

The aim should be to ensure that chest compressions are performed continuously throughout 

the resuscitation attempt, pausing briefly only to enable specific interventions. 

 

Another factor that is critical in determining the success of defibrillation is the duration of the 

interval between stopping chest compressions and delivering the shock, i.e the “pre-shock 

pause”. Every 5 second increase in the pre-shock pause almost halves the chance of a 

successful defibrillation. Consequently defibrillation must always be performed quickly 

and efficiently in order the maximize the chances of success. 
 

If there is any delay in obtaining a defibrillator, and while the defibrillator is applied, start chest 

compressions and ventilation. 

   

Types of Defibrillators 

 

Essentially there are two types of external defibrillators: 

 

● Automated External Defibrillators, (See also separate guidelines for these). 

 

● Manual External Defibrillators 

 

The Physics of Defibrillation 

 

Defibrillation is defined as the termination of defibrillation, or more precisely, as the absence of 

VF/ pulseless VT 5 seconds after shock delivery. 

 



To accomplish this, an electrical current is passed across the myocardium in order to achieve 

the synchronous depolarization of a critical mass of the myocardium, which then allows for the 

natural pacemaking tissue to resume pacing of the heart.  

 

To achieve this defibrillators all have: 

 

● A power source capable of providing a direct current. 

 

● A capacitor that can be charged to a pre-determined energy level. 

 

● Two electrodes which can be placed on the patient's chest, (though which the capacitor 

 is discharged). 

 

Success of defibrillation will depend on sufficient current (measured in amperes) being 

delivered to the myocardium.  

 

Sufficient current delivery will depend on a range of factors including:  

 

● Transthoracic impedence. 

 

● The correct positioning of the electrodes. 

 

● The dissipation of the current along pathways through the chest other than the heart. 

 

As a consequence of these factors only about 4% of the generated current will be delivered to 

the myocardium. 

 

The energy stored in the capacitor can be determined, and for a given thoracic impedance the 

current flow will be proportional to the energy. Some defibrillators can measure the 

transthoracic impedance and adjust their output accordingly. This is known as impedance 

compensation.   

 

Factors affecting defibrillation success: 

 

Important factors influencing defibrillation success include:  

 

1. Transthoracic impedance will be a major factor in the success of a defibrillation. 

 

Important factors that influence chest impedance include: 

 

● The coupling material 

 

● Electrode to skin contact: 

 

♥ Particularly hairy chests can increase chest wall impedance and so can 

 reduce defibrillation success, as well as causing burns to the patient's 

 chest. However defibrillation should never be delayed if a razor is not 

 immediately to hand.     

 



 Another option is to try a bi-axillary chest positioning of the electrodes. 

 

● The phase of ventilation: 

 

● The presence of transdermal drug patches. 

 

2. Electrode size: 

 

● The cross sectional area of the self-adhesive electrode pads are important. 

 

● In general for adults this will be around 8-12 cm in diameter. Smaller pads are 

 available for children. In practice different defibrillators have slightly different 

 characteristics and the best pad size will simply be what the manufacturers 

 advice for their device.    

 

3. Electrode position: 

 

Electrodes need to be placed in such a way to maximize current flow through the chest as well 

as directing this toward the myocardium. 

 

Standard positioning: 

 

The standard placement of electrodes are: 

 

● One at the right side of the upper sternum below the clavicle 

 

And  

 

● One (the apical) in the mid-axillary line, approximately level with the V6 ECG 

 electrode, (and clear of breast tissue). The apical electrode must be sufficiently 

 lateral and pads should never be touching one another. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Note that although the pads are marked positive and negative, they can in fact be placed in 

either position. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The defibrillator pads can still be applied while CPR is in progress. 

 

Alternative positionings: 

 

Depending on circumstances there are several alternative positionings which are also 

acceptable including: 

 

Antero - posterior: 

 

● One electrode anteriorly over the precordium 

 

 The other electrode on the back, just inferior to the left scapular. 

 

Postero-lateral: 

 

● One electrode placed in the standard apical position. 

 

 The other electrode on the back, over the right scapular. 

 

Bi-axillary: 

 

● One electrode high in the right axilla. 

 

   The other electrode high in the left axilla. 

 

 

 



Shock Sequences 

 

Non-witnessed cardiac arrest: 

 

If the cardiac arrest is not witnessed - commence immediate CPR. 

 

Defibrillation must then be performed as soon as possible. 

 

First shock success for modern defibrillators exceeds 90%.  

 

Failure suggests the need for a period of CPR, which must be recommenced immediately. 

 

This is done at the standard 30 compressions: 2 ventilations for a period of 2 minutes, before 

reassessing the rhythm to determine if another shock is required. 

 

Note that if the defibrillation attempt is successful in achieving a perfusing rhythm it is rare for 

a pulse to be palpable immediately after the defibrillation. A delay in feeling for pulses can risk 

further damage to the myocardium if actual perfusion has not returned. (There may be a 

temporary EMD in other words). If there is actual perfusion with a perfusing rhythm, chest 

compression do not increase the chance of VF recurring.  

 

In post shock asystole, chest compressions may induce VF.   

 

Witnessed cardiac arrest: 

 

Confirm cardiac arrest clinically. 

 

Activate the local arrest CODE and/ or call for assistance. 

 

If the initial arrest rhythm is VF/pulseless VT give up to 3 quick successive (or “stacked”) 

shocks. 

 

For patients who are being monitored at the time of arrest (and possibly already have electrodes 

in place) the first shock should ideally be within 20 seconds. 

 

Confirm the rhythm between each shock. 

 

Following any shock restoring a potentially perfusing rhythm, but the patient does not have 

clinical evidence of ROSC within 10 seconds (pulse, normal breathing, eye opening etc) 

recommence chest compressions and continue CPR for a further 2 minutes.    

 

With respect to the ALS algorithm, these 3 quick successive shocks are regarded as the first 

shock. 

 

Shock Energy Levels 

 

A general aim is to achieve successful defibrillation and ROSC with the lowest possible energy 

level and the fewest possible shocks. 



AEDs will automatically choose the correct energy level. If a manual defibrillator is being 

used, the energy level will need to be selected first. 

 

Exact recommended energy level may vary between devices, but as a general rule a level 

of 200 joules (biphasic mode) is used for defibrillation. 

 

For Children use 4 joules/ kg (to a maximum of 200). 

 

The importance of uninterrupted chest compressions: 

 

Early and uninterrupted chest compressions are important.  

 

Chest compressions should only be interrupted for short periods for rhythm checks, shocks, or 

on occasions for advanced airway management (intubation). 

 

Chest compressions should be resumed as soon as the shock has been delivered. 

 

Electrodes can be applied even whilst CPR is in progress. 

 

With manual defibrillators, it is possible to continue CPR while the device is charging, thereby 

reducing the pre-shock pause period. 

 

When using manual defibrillation, the entire process of pausing chest compressions, standing 

clear, delivering the shock, and immediately resuming chest compressions should not take more 

than 5 seconds.  

 

Indications for Defibrillation 

 

● VF 

 

● Pulseless (i.e arrested) VT 

 

Contraindications/ Peculations 

 

Precautions: 

 

1. Transdermal drug patches: 

 

● These may impede good skin contact and result in electrical arcing and 

 subsequent burns if electrode pads are placed over these. 

 

● These must be removed in over an area where the electrode is to be placed and 

 the area wiped dry before attempting defibrillation. 

 

2. Patients with excessively hairy chests 

 

Contraindications: 

 



Contraindications are those situations in which a danger could be posed to victim and/ or 

rescuers.  

 

These situations include: 

 

1. Within a hyperbaric oxygen environment: 

 

Sparks in an oxygen enriched environment can cause fire and burns to the patient. The 

self-adhesive pads used in modern devices are far less likely to cause sparks than the 

manual paddles of older devices. To date no fires have been reported with the use of 

self-adhesive pads.   

 

Factors which will reduce the risk of fire include: 

 

● Remove oxygen masks (or nasal canulae) from the patient, (keep at least 1 meter 

 away). 

 

 Note that Bag-valve-masks connected to an ETT or LMA can be left in situ. No 

 increase in oxygen concentration occurs in the zone of defibrillation, even at 

 flow rates of 15 L/min. 

 

 Patients connected to ventilators can be left as such.  

 

2. A rescuer is in physical contact with the patient: 

 

● This includes the condition that a rescuer must not be holding IV infusion 

 equipment or the patient's trolley whilst a shock is being delivered.   

 

● The operator must always ensure that everyone is clear of the patient 

 before delivering a shock. 

 

● Wipe any water present off the patient’s chest before delivering the shock. 

 

● Gloves may provide some limited protection to inadvertent rescuer shock.   

 

Complications 

 

1. Patient burns: 

 

● This can happen in patients with particularly hairy chests, if they are not first 

 shaved. 

 

2. Damage to pacemakers or AICDs: 

 

Try to place electrode pads away (> 8 cm) from a pacemaker or AICD device.  

(Alternatively the pads may be placed on one of the alternative positions described 

above). 

 



 Modern devices are now fitted with protection circuits, which provides them some 

 protection, however it is possible that some current can travel along a pacemaker wire 

 or ICD lead, resulting in burns at the point where the lead tip makes contact with the 

 myocardium. This may result in an increase in resistance at the contact point and 

 gradually lead to an increase in the threshold for pacing.    

 

Following successful defibrillation, the pacemaker or AICD should be regularly 

checked over the following two months.  

 

Note also that there have been reports of rescuers receiving shocks form ICDs when in 

contact with the patient during CPR! This risk can be reduced (but not eliminated) by 

rescuers wearing gloves while performing CPR.   

 

3. Aspiration in the non-fasted patient. 

 

4. Shock energy partially delivered to a rescuer who is in contact with the patient, IV 

 equipment or the patient’s trolley. 

 

5. Post shock myocardial depression, (or “myocardial stunning”): 

 

This is a phenomenon of low cardiac output with hypotension and is due to reduced 

myocardial of contractility.  

 

It is directly related to ischemic time (in arrest situations) and to the amount of energy 

transfer at DC shock.  

 

It is the main reason for starting at lower energy levels in cases of cardioversion (see 

below) and increasing if unsuccessful. 

 

This is much less of a problem with modern biphasic devices as compared to older 

devices that where delivering up to 360 joules in a monophasic mode.  

 

Technique for a Manual Defibrillation 

 

Manual defibrillators have advantages over AEDs in appropriately skilled hands. Their 

disadvantage is that they are more complex to operate and require that the rescuers have a good 

knowledge of cardiac arrhythmias.  

 

They enable the operator to diagnose the rhythm and deliver a shock rapidly without having to 

wait for a rhythm analysis, which minimizes the interruption time in chest compressions.  

 

 Manual defibrillators may also have important additional capabilities, such as the ability to 

deliver synchronized shocks, (i.e cardioversion) or to perform external cardiac pacing.    

 

The procedure for manual defibrillation is: 

 

1. Clinically confirm cardiac arrest. 

 

2. Activate local CODE and/ or call for assistance. 



 

3. Commence CPR whilst a second rescuer applies the electrode pads and turns on the 

 defibrillator. The rhythm will be displayed on the monitor.  

 

4. Designated person charges the defibrillator. CPR continues for 2 minutes and the 

 defibrillator is charged. 

 

5. Once the defibrillator is charged, remove any free flowing oxygen delivery systems, 

 and give the command to “stand clear”.   

 

The person performing CPR - stands clear with two arms in the air and gives verbal 

communication “I’m safe!” 

 

6. Confirm rhythm is shockable - and if so deliver the shock. 

 

7. After the shock immediately continue CPR (30 compressions to 2 ventilations) for a 

 further 2 minutes if the patient does not show clinical signs of recovery. 

 

8. Re-check the rhythm - repeat the above cycle if necessary and give 1 mg of adrenaline.   

 

9. Follow with usual VF algorithm if the patient remains in VF. 

 

 See also separate guidelines for VF.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CARDIOVERSION 

 

Introduction 

 

Cardioversion can only be performed using a manual defibrillator. 

 

Cardioversion is the delivery of electrical energy in the synchronized mode, (compared to 

“defibrillation” where it is delivered in the non synchronized mode). 

 

If electrical cardioversion is to be used for to convert atrial or ventricular tachyarrhythmias, 

(excluding VF or arrested VT), then the shock must be synchronized to occur with the R 

wave (and not the T wave - the so called "R on T").  By avoiding a shock during the relative 

refractory period (i.e the period of the T wave), the risk of inducing VF is minimized. 

 

Manual defibrillators can be set to a synchronized mode, (i.e the shock is synchronized to 

and triggered by the R wave of the ECG tracing). 
 

Indications 

 

1. Tachyarrhythmias (other than VF or pulseless VT) in “unstable” patients, (unstable may 

 include hypotension, pulmonary edema, altered conscious state, or severe ischemic 

 chest pain). 

 

2. Tachyarrhythmias in stable patients in whom medical treatment has not been effective. 

 

3. Tachyarrhythmias where electrical reversion may be considered the best first line 

 treatment, (e.g atrial flutter of less than 48 hours duration or WPW AF). 

 

Tachyarrhythmias treated by cardioversion include: 

 

● Atrial fibrillation 

 

● Atrial flutter 

 

● SVT 

 

● VT  (but not arrested) 

 

Contra-indications/Precautions 

 

These will be similar to those described for defibrillation above, but in the more elective setting 

of cardioversion further considerations will include:  

 

1. The fasting status of the patient.  

 

● This is a “relative” contraindication; it will depend on the urgency of the clinical 

 picture. 

 



2. Bradyarrhythmias / rhythms with slow ventricular response rates are not cardioverted 

 because of the risk of brady-asystole. 

 

3. Digoxin toxicity - a relative contra-indication. 

 

4. Risk of embolism: 

 

● e.g atrial fibrillation or atrial flutter of greater than 48 hours duration. 

 

Energy Levels for Cardioversion 

 

For defibrillation of VF/ pulseless VT, the energy level is usually 200 joules of biphasic 

energy. 

 

For cardioversion of AF, higher energies of around 200 joules are generally used.  

 

For cardioversion for other tachyarrhythmias, (A. flutter, SVT and non-arrested VT) lesser 

energy levels are possible, and may be commenced at as low as 50 joules for adults.     

 

For children use 1 Joule per Kg initially for cardioversion.  
 

Technique for a Cardioversion 

 

The process of cardioversion is essentially similar to that of defibrillation, once the 

synchronizer mode has been switched on. 

 

There may be some slight delay between pressing the button and the actual discharge of the 

shock, due to the synchronization process (i.e the device waits for a suitable R wave to occur). 

 

Be careful not to leave the synchronizer switch on following a cardioversion, as this will 

inhibit discharge of the device when it is subsequently being used for VF/ pulseless VT. 

 

Additional requirements/ considerations in cardioversion include: 

 

1. In more elective situations patients should be fasted for at least 4 hours. 

 

2. Exclusion of cardiac thrombus if the symptoms have been present for > 48 hours. 

 

3. Anticoagulation for AF / A.Flutter 

 

4.  Patients will require adequate analgesia/ sedation for the procedure. 

 

● Opioid /midazolam is a good option as both of these can be reversed. 

 

5. Consent for the procedure. 

 

 

 

 



Appendix 1 

 

Failure to defibrillate (technical considerations): 

 

 

Failure to Defibrillate 

 

 

 

Shock not delivered                                                                 Shock delivered              

(i.e no motor response seen in a                                               (i.e motor response observed but  

non paralysed patient)                                                              patient still in VF) 

 

 

 

Synchronizer ON           Synchronizer OFF                            Check technique (? Impedance        

                                                                                                 problem) 

 

 

Turn off                          Other Machine problem                   Firm Contact, avoid placement 

                                                                                                 over bone, deliver energy in  

                                        ● Power failure                           in expiration, consider AP                                          

       ● Battery failure                          placement of electrodes.                                                                             

                                        ● Unit failure                                 

 

  

Failure of the Synchronizer, (technical considerations): 

 

● The R wave is negative 

 

● Tall T waves 

 

● RsR patterns 

 

May need to try another lead, may need to increase gain to give a taller R wave. 
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