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• To understand :

- the origin and spread of cardiac excitation

- the recording of a normal electrocardiogram

- Review sample questions

ObjectivesObjectives



IntroductionIntroduction
Anatomic considerations (see figure)Anatomic considerations (see figure)

-- SA nodeSA node –– located at the junction of at the located at the junction of at the 
junction of the junction of the superior vena cavasuperior vena cava and the and the right right 
atriumatrium

-- AV nodeAV node –– located  in the located  in the right posterior portionright posterior portion
of he of he interatrialinteratrial septumseptum

-- SA nodeSA node and and AV nodeAV node connected by 3 Purkinje connected by 3 Purkinje 
like fibres like fibres 
(a) anterior (a) anterior internodalinternodal tract of tract of BachmanBachman, (b) , (b) 
middle middle internodalinternodal tract of tract of WenckebachWenckebach, and (c) , and (c) 
posterior posterior internodalinternodal tract of tract of ThorelThorel
Conduction occurs via Conduction occurs via atrialatrial myocytemyocyte but is but is 
fastest in the bundles. fastest in the bundles. 
AV node only conducting pathway between atria AV node only conducting pathway between atria 
and ventricles and ventricles 
SA node and AV node contain PSA node and AV node contain P--cells cells -- histologyhistology
Nerve supply and relationship to embryonic Nerve supply and relationship to embryonic 
development development 



The conducting system of the HeartThe conducting system of the Heart



Pacemaker cells and Pacemaker cells and automaticityautomaticity
Pacemaker cellsPacemaker cells –– do not require external do not require external 
stimulation to initiate an Action potentialstimulation to initiate an Action potential
They have the property of They have the property of automaticityautomaticity ––
undergo spontaneous phase 4 undergo spontaneous phase 4 
depolarization depolarization –– NaNa++ responsibleresponsible
Pacemaker behaviourPacemaker behaviour –– cells of SAN, cells of SAN, 
AVN, HIS AVN, HIS purkinjepurkinje fibres,  (Ventricular fibres,  (Ventricular 
muscle under disease conditions!)muscle under disease conditions!)
Action Potential of Pacemaker cell Action Potential of Pacemaker cell ––
different from Ventricular muscle cell (see different from Ventricular muscle cell (see 
figure)figure)



AP AP ––Ventricular Ventricular myocytemyocyte vsvs
Pacemaker cellsPacemaker cells



Spread of Cardiac ExcitationSpread of Cardiac Excitation
SA node SA node initiates excitationinitiates excitation (rate 60(rate 60--80 80 
beats/min)beats/min)

SpreadsSpreads to AV Node to AV Node –– delay of approx 0.1 sec delay of approx 0.1 sec 
((reasonsreasons?)?)

small diameter fibressmall diameter fibres
Pause allows atria to fully empty their contentsPause allows atria to fully empty their contents
Allows AVAllows AV--node to serve as a node to serve as a ‘‘gatekeepergatekeeper’’ of onward of onward 
conductionconduction
Role of Autonomic nervous system (Role of Autonomic nervous system (explainexplain?)?)

Depolarization spreads rapidly from top of the Depolarization spreads rapidly from top of the 
Septum to all parts   of the ventricle in Septum to all parts   of the ventricle in 0.080.08--0.10.1
secsec
Normal sequence of cardiac depolarization (see Normal sequence of cardiac depolarization (see 
figure)figure)



The conducting system of the heart The conducting system of the heart 



Normal sequence Normal sequence 
of cardiac of cardiac 

depolarizationdepolarization



ECG: What is it?ECG: What is it?

Surface recordingSurface recording of the algebraic of the algebraic 
sum of the action potentials of sum of the action potentials of 
cardiac fibrescardiac fibres
Human body is a Human body is a volume conductorvolume conductor
Action potentials fluctuate and are Action potentials fluctuate and are 
recorded by an recorded by an ElectrocardiographElectrocardiograph
machine on moving paper stripmachine on moving paper strip



Willem Einthoven 
Nobel prize in 1924 for electrocardiogram

(discovered in 1903)



ECG: The Lead Reference system IECG: The Lead Reference system I



ECG: The Lead Reference system IIECG: The Lead Reference system II



Einthoven’s Triangle



ECG activity: Two cell model 

Positive 
deflection

Negative 
deflectionisoelectric

When wave of depolarization moves towards a
positive electrode, the deflection is positive.



P wave – depolarization of atria
QRS  complex – depolarization of ventricular muscle
T wave – repolarization of ventricular muscle
*repolarization of atria lies under QRS

The Normal Electrocardiogram

Fig. 20-6



ECG: InterpretationECG: Interpretation

Sequence of analysisSequence of analysis
1.1. Heart RhythmHeart Rhythm
2.2. Heart RateHeart Rate
3.3. Intervals (PR, QRS, ST)Intervals (PR, QRS, ST)
4.4. Abnormalities of the P waveAbnormalities of the P wave
5.5. Abnormalities of the QRSAbnormalities of the QRS
6.6. ST and T wave abnormalitiesST and T wave abnormalities



Normal ECG: Intervals and segmentsNormal ECG: Intervals and segments

Homework! –
check up
the  normal 
values of  ALL
Intervals and 
Segments



CVSCVS
The Heart Mechanical ActivityThe Heart Mechanical Activity

Anatomic considerationsAnatomic considerations
Heart built on a Heart built on a fibrotendinousfibrotendinous ring ring –– Annulus Annulus 
fibrosusfibrosus –– located at the located at the atrioventicularatrioventicular
junctionjunction
Muscular atria and ventricles are attached to Muscular atria and ventricles are attached to 
either side of the ringeither side of the ring
Ring perforated by 4 apertures each containing Ring perforated by 4 apertures each containing 
a valvea valve (see figure)(see figure)
FibrotendinousFibrotendinous ring ring insulatesinsulates the ventricles the ventricles 
electrically from the atriaelectrically from the atria



The Heart: The Heart: FibrotendinousFibrotendinous RingRing



Mechanical events of the Cardiac cycleMechanical events of the Cardiac cycle

Atria and ventricles contract in sequence Atria and ventricles contract in sequence 
resulting in a cycle of pressure and resulting in a cycle of pressure and 
volume volume 
Cardiac cycle has 4 phases (arbitrary)Cardiac cycle has 4 phases (arbitrary)
(i)   ventricular filling(i)   ventricular filling
(ii)  (ii)  IsovolumetricIsovolumetric contractioncontraction
(iii) Ejection(iii) Ejection
(iv) (iv) IsovolumetricIsovolumetric relaxationrelaxation
FigureFigure based on human cycle based on human cycle –– 0.9 sec 0.9 sec 
duration, (67 beats/min)duration, (67 beats/min)



Cardiac cycle: valve and volume changesCardiac cycle: valve and volume changes



Pressure and outflow: left ventriclePressure and outflow: left ventricle



Ventricular filling (Diastole)Ventricular filling (Diastole)
Duration 0.5 secDuration 0.5 sec
Inlet valves (tricuspid and Inlet valves (tricuspid and mitralmitral): open): open
Outlet valves (pulmonary and aortic): closedOutlet valves (pulmonary and aortic): closed
Lasts about twoLasts about two--thirds of cardiac cyclethirds of cardiac cycle
Rapid filling Rapid filling ––coincides with coincides with atrialatrial diastole diastole ––
lasts 0.15 seclasts 0.15 sec
AtrialAtrial systole systole –– boosts filling by 15boosts filling by 15--20%20%
EndEnd--diastolic volume: volume of blood in the diastolic volume: volume of blood in the 
ventricle at the end of filling ventricle at the end of filling ≈≈ 120 120 mlsmls
Corresponding pressure is EndCorresponding pressure is End--diastolic diastolic 
pressure pressure –– just a few mm Hgjust a few mm Hg



IsovolumetricIsovolumetric contractioncontraction

Duration: 0.05 secDuration: 0.05 sec
Inlet valves: closedInlet valves: closed
Outlet valves: closedOutlet valves: closed
Ventricle is a closed chamberVentricle is a closed chamber
Pressure rises steeplyPressure rises steeply



EjectionEjection
Duration: 0.3 secDuration: 0.3 sec
Inlet valves: closedInlet valves: closed
Outlet valves: openOutlet valves: open
Outflow valves open when ventricular pressure Outflow valves open when ventricular pressure 
exceeds arterial pressureexceeds arterial pressure
¾¾ of Stroke volume is ejected in the first phase of Stroke volume is ejected in the first phase 
of ejection of ejection –– rapid phase rapid phase –– 0.15 sec0.15 sec
Ventricle empties just about twoVentricle empties just about two--thirds thirds ––
average ejection fraction is approx 0.67 average ejection fraction is approx 0.67 ––
stroke volume of about 70stroke volume of about 70--80 ml80 ml



IsovolumetricIsovolumetric relaxationrelaxation

Duration: 0.08 secDuration: 0.08 sec
Inlet valves: closedInlet valves: closed
Outlet valves: closedOutlet valves: closed
Ventricle Ventricle –– closed chamberclosed chamber
Ventricular pressure falls very rapidlyVentricular pressure falls very rapidly
AA--V valves open when ventricular V valves open when ventricular 
pressure falls below pressure falls below atrialatrial pressurepressure



The ventricular pressureThe ventricular pressure--volume loopvolume loop



Heart SoundsHeart Sounds
Two sounds typically heard through a Two sounds typically heard through a 
stethoscope stethoscope –– ““lublub”” first heart sound and first heart sound and 
““dupdup”” second sound.second sound.
FirstFirst : caused by vibrations from sudden : caused by vibrations from sudden 
closure of the closure of the mitralmitral and tricuspid valvesand tricuspid valves
SecondSecond: vibrations associated with closure : vibrations associated with closure 
of aortic and pulmonary valvesof aortic and pulmonary valves
ThirdThird: heard in many normal young : heard in many normal young 
persons persons –– one third into diastole one third into diastole ––rapid rapid 
ventricular filling phaseventricular filling phase
FourthFourth: heard just before first sound : heard just before first sound ––
when when atrialatrial pressure is high or ventricular pressure is high or ventricular 
hypertrophy hypertrophy ––rarely heard in normal rarely heard in normal 
adultsadults



Effect of heart rate on phase durationEffect of heart rate on phase duration



HomeworkHomework

Read about:Read about:
-- Arterial pressureArterial pressure
-- AtrialAtrial pressure changespressure changes
-- The Jugular PulseThe Jugular Pulse

------------ENDEND----------ENDEND----------------



Intervals and SegmentsIntervals and Segments
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