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10.3.1ECG Machines

Simple ECG Machines

= Electrocardiographycanbe used to monitorand investigate the electrical activityofthe heart
= Electrodes thatare capable of detectingelectric signals are placed onthe skin

= Theseelectrodes produce anelectrocardiogram(ECG)

= AnECGshows severaldistinctive electrical waves produced by the activityof the heart

= Ahealthyheart produces adistinctive shapeinanECG

The Structure of the Heart

= Theheartis controlled byelectricalimpulses innerve cells
= Thesecanbe measured as weak electrical signals bydetectors onthe surface of the skin
= The heartconsists of fourchambers with two chambers onboththe left and right sides:
= Atriainthe upperparts
= Ventricles inthe lowerparts
= Theleftside of the heartis theright side of the diagram
ADiagramof the Structure of the Heart

The diagram shows the left and right sides of the heart with the atrium and ventricle on each side

Electrical Signals of the Heart

= Duringaheartbeat, the fourchambers of the heart contract (this is depolarisation) and relax (this
isrepolarisation)inasequence controlled byelectrical signals
= First,the atriacontract (depolarise),forcingblood into the ventricles
= This causes the ventricles to contract (depolarise) and the atriato relax (repolarise)
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= Bloodis pumped into the lungs and body
= The ventricles thenrelax(repolarise) to complete one heartbeat

Obtainingan ECG Trace

= Electrodes mustbe positioned to obtainthe maximum electrical signal possible fromthe heart
= Thereadingmeasured bythe ECG machine is the potential difference between pairs of
electrodes
= To obtainagood trace,the followingfactors mustbe considered:
= The optimumpositioningofthe electrodes
= Minimisingcontactresistance
= |mproving the quality of the received signals

Positioning the electrodes

= FElectrodes are placed strategicallyin pairs onthe bodyto obtainthe largest potential
difference, these are:
= [nsixstandard chestpositions
= Oneoneachlimb(close to the arteries)

Reducing contact resistance

= The pointwhere the electrodes are attached to the skinis called acontact
= The contacts must be:

= Goodconductors of electricity

= Provide alowresistance to the electrical signal

= Non-irritant

= Non-reactive to skinchemicals

= Allsecurelystuckinplace
= Assuch,the contacts are:

= Made fromanon-reactive material

= Securedinplace withaconductive gel

= Attached afterremoving hairs and dead skincells (with sandpaperorarazor)

Improving the Signal

= Theelectrical signaldetected bythe ECGisrelativelysmallbecause itis easilyabsorbed by the
body
= To improve the received signals:
= The patient should remainrelaxed and still
= The machine and leads should be shielded fromthe electricalinterference of otherAC
sources
= The signalneeds to be amplified
= The signalneeds to be amplified bya high-gain,low-noise, high-impedance amplifier
= Highgainmeans the amplifiercanincrease the electrical signal withoutincreasing the noise
= Lownoise means the amplifierdoes notreduce the qualityof the electrical signal during the
amplificationprocess
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= Highimpedance means the amplifierincreases the input signalenoughsoitcanbe
interpreted bythe machine
PatientundergoinganECG

Electrodes are attached in pairs to a patient's chest in the six positions shown and all fourlimbs. The
variation in potential difference between themis detected
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@ Worked example

Electrodes are attached to the chest of ahealthypersonand anormal ECG waveformis
obtained.

(a) State two ways of ensuringgood electricalcontact betweenthe electrodes and the
patient.

(b) State two properties needed by the amplifierto amplify the signal from the electrodes.

Answer:
(a)Two ways of ensuringgood electricalcontact betweenthe electrodes and the patient
Anytwo from:

= Hairand dead skinmustbe removed from the surface of the patient (using sandpaper)

= Theelectrodes mustbe coated withaconductinggel

= Theelectrodes mustbe made fromamaterial that does notreact with the skin
(b)Two properties needed by the amplifier to amplify the signal fromthe electrodes

Anytwo from:

= Highgain
= Lownoise
= Highinputimpedance

O Exam Tip

Itiscommon practice to be asked aboutincreasingelectrical contact and properties about the
amplifier.Youdo notgointo alotof detailinthis unit,so justlearnthese keyfacts.
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Normal ECG Waveform

= ECGstands forelectrocardiogram
= |tisagraphofthe potential difference betweenthe electrodes (inmV)againsttime (ins)
= Anormal ECG,coveringasingle heartbeat, has three separate parts:
= APwave
= AQRSwave
= AT wave
= The heartbeat canbe determined fromthe numberof contractions (humberof waveforms)
presentonthe ECGinTminute
ANormalECGWaveform

A normal electrocardiogram (ECG) waveform contains P, QRS and T components

= ThePwave
= Caused bythe contraction(depolarisation) of the atria
= The QRS wave
= Correspondsto the contraction(depolarisation) of the ventricles
= Jtoccurs 0.2seconds afterthe Pwave
= The signalis much greaterthanthe Pwave
= |treachesits maximumatTmV
= TheT wave
= Correspondsto therelaxation(repolarisation) of the ventricles
= |toccurs 0.2seconds afterthe QRS wave
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@ Worked example
Electrodes are placed onthe surface ofabodytorecord anECGtrace forahealthyperson.

The trace obtained forone heartbeatis shownbelow.

(a) Label the approximate scales oneach axis.
(b) State the name of the wave part at points Xand Y and the physical change that takes place.

Answer:
(a)Labelthe approximate scales on eachaxis

= Drawdottedlines fromeachkeypropertyofthe graphto the correct axis
= Labelthe maximum potential difference (inmV) of the QRS wave as 1
= |abelthetimeinsecondsevery0.2seconds(0.2,0.4,0.6 and 0.8)

(b)State the wave part at points Xand Y and the physical change that takes place
PointX:
= Wave part:Pwave

= Physicalchange:atriacontract
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PointY:

= Wave part: QRS wave
= Physicalchange:ventricles contract

O ExamTip

Youonlyneed to knowwhatan ECGlooks like forahealthypersonand notforsomeone witha
heart problem.Youneed to rememberthe ECG graph very carefully, as you maybe asked to
sketchitonanaxis orlabel the axis of a pre-drawnwaveform.

Rememberthat the plural of atriumis atriaand not atriums.

Page 7 of 7
For more help visit our website www.exampaperspractice.co.uk



