Pacemakers

Sotiris Papaspyros 2009



Contents

1 History.

1 Indications.

1 Physiological conduction pathway.

1 Basic pacemaker parameters.

1 Pacemaker setup.

1 Common scenarios in cardiac surgery.



Definition

1 An electronic device which generates and
transmits an electrical signal to the atria,
ventricles or both.

i Temporary

1 Permanent

1 Single chamber

1 Two chamber (sequential)



History

1889 J A McWilliam reported in the British Medical Journal of his
experiments

1 1926 Albert Hyman the first true external artificial pacemaker.|

1 1928 anaesthetist Mark Lidwell devised a device which "ran on

alternating current and required a needle to be inserted into the
patient's ventricle".

1950 An external pacemaker was designed and built by the
Canadian electrical engineer John Hopps based upon
observations by cardio-thoracic surgeon Wilfred Bigelow at
Toronto General Hospital .

1957 engineer Earl Bakken of Minneapolis, Minnesota, produced
the first wearable external pacemaker for a patient of Dr. C.
Walton Lillehel.

1958 The first implantation into a human at the Karolinska
University Hospital in Solna, Sweden,

1960 following extensive animal testing, implantable pacemakers
constructed by the American Wilson Greatbatch entered use in
humans mercury battery as the energy source
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1st pacemaker 1957
arl ElImer Bakken, Founded Medtronic



http://www.thebakken.org/earl/pacemaker-schematic-earls.jpg




2006 external pacing box




Indications for pacing

Atrial pacing
— Sinus bradycardia or desire to increase sinus rate to a higher level
— Junctional bradycardia.

— Suppression of atrial and ventricular ectopics: set at a rate slightly faster than the
sinus mechanism.

— Slow junctional rhythm.

— Supraventricular tachycardias and flutter - Overdrive pacing:Rapid atrial pacing
can interrupt a reentrant circuit and convert it to sinus rhythm or AF, which may
terminate spontaneously.

Ventricular
— Slow ventricular response to AF/Flutter
— Failure of atrial pacing to maintain heart rate
— Ventricular Tachycardia - overdrive pacing
AV pacing
— Complete heart block

— First and second-degree heart block if ventricular rate is slow to achieve 1:1
conduction

— Sequential AV pacing is innefective during AF/flutter
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Conduction velocities
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Capture

The depolarization and resultant contraction of
the Atria or Ventricles in response to an
electrical stimulus emitted by a pacemaker.

One-to-one capture occurs when each electrical
stimulus causes a corresponding depolarization
and resultant cardiac contraction.
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Threshold

1 Stimulation Threshold - The minimum
amount of electrical energy that
consistently produces a depolarisation and
resultant contraction.

— Can be expressed in terms of amplitude
(milliamperes or volts), pulse duration
(milliseconds), charge (microcoulombs), or
energy (microjoules).



What affects threshold

1 Increase:

— Bretyllium, sotalol, possibly lidocaine, B blockers,
procainamide, quinidine, verapamil

— Hyperkalemia, acidosis/alkalosis, hypoxemia,
cardioversion/defibrillation

I Decreases:

— Atropine, catecholamines, glucocorticoids,
myxedema, hyperglycemia

1 No proven effect- amiodarone, anesthetics



Sensing

1 Definition: The abllity of the pacemaker to sense
an intrinsic electrical signal. Sensing is
dependent upon the amplitude and frequency of
the signal.

1 The sensitivity setting of the pacemaker
Indicates the minimum intracardiac signal
required by the pacemaker to initiate the
pacemaker response (inhibited or triggered).
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Pacemaker setup
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Adjust sensitivity

1. Set pacemaker rate < patient’s rate.
. Set threshold to zero.
3. Start with lowest sensitivity and increase

until green light stops flashing and
orange light starts flashing.

. Set sensitivity lower than the detected

point.



Adjust threshold

1. Sensitivity adjusted.

. Set pacemaker rate > patient’s rate.

3. Start with low threshold and increase

until you see capturing on the monitor
(patient’s rate changes to the pacemaker
rate).

. Set the threshold 1.5mV higher (safety
margin).



Common scenarios

I Bradycardia
1 Asystole

1 Atrial Fibrillation with slow ventricular response



Potential problems with epicardial
pacing wires.

Failure to function

1 Check connections, change lead, change pacemaker
1 Increase output

1 Reverse polarity

1 Unipolarise pacemaker

1 Use chronotrope

1 Transvenous pacing wire

Change in threshold

Competition with patient’s rhythm (ectopics), switch off
Oversensing (AF), change to V V | mode

Mediastinal bleeding

Inability to remove wires.



Questions ?
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