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A couple of thought provoking quotes…….
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“An engineer is a problem solver. Not only can engineering be used to 
solve problems, but engineers can work to “make the world a better 
place, improve conditions and improve lives.”
— Eleanor K. Baum

“Numbers have life; they’re not just symbols on paper.”
— Shakuntala Devi



The Purpose of Defibrillation
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Ventricular Fibrillation – A chaotic arrythmia that is lethal – death within 3 - 5 mins

Ventricular Tachycardia – Regular – cardiac function compromised – defibrillation applied if pulseless



Vectors of the heart and defibrillation
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The Monophasic ‘Lown’ Waveform
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Ideally damped sinusoidal waveform.
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*Note component values are illustrative



Resistive and Inductive Effect on Monophasic 
Waveforms
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Energy and Voltage
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150J

Voltage 2070v

Peak Current 121A

360J

Voltage 3207v

Peak Current 181A𝐸 =
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Biphasic Waveforms

• In order to achieve a biphasic truncated/pulsed or rectilinear 
exponential waveform in a defibrillator, application of the ‘H’- bridge 
amplifier allows this to happen.

9

Pulsed Biphasic 

Waveform
(Schmidt et al 2017)

(Thoracic Key, 2016)
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Energy, Volts, Current and Time

• Biphasic operates on a different principle whereby the capacitor is 
charged to the energy required:

𝐸 =
1

2
𝐶𝑉2

• However, it now applies the following principle to control delivery 
using three variables:

𝐸 = 𝑉𝐼𝑡
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Energy, Volts, TTI, Current and Time

• By sensing the patients transthoracic impedance determines the 
duration of the biphasic shock

• The energy delivered remains constant regardless of change in 
current due to patient TTI

• Voltage remains constant

• The outcome is to ensure that the patient receives sufficient energy in 
relation to TTI at lower current to achieve a successful outcome.
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TTI (Ω) Current (A) Power (W) Time (ms) Energy (Joules)

50 21.9 23980.5 0.00500406580346532 120

75 14.6 15987 0.00750609870519797 120

100 10.95 11990.25 0.0100081316069306 120

125 8.76 9592.2 0.0125101645086633 120

150 7.3 7993.5 0.0150121974103959 120

180  6.08333333333333 6661.25 0.0180146368924751 120

Where the voltage and energy output remain constant the variables are current and time

𝐸 = 𝑉 × 𝐼 × 𝑡
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Heartstart MRx Defibrillator

Biphasic Truncated Exponential

Waveform
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Schiller 4000 employing the pulsed biphasic waveform



Machine Learning, (AI), in Defibrillation

• A peek into the future – its already here! 

• Algorithms, Artificial Neural Networks, (ANN) for example.

• ECG analysis of shockable arrythmias

• Prediction of successful shocks

• Data, data, data
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Open to the floor………….



Thank you

Hard copies of the slides with notes are available at our stand – B26
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