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Revision of last lecture	

	

	 Last	 lecture,	we	discussed	 the	 conduction	 system	of	 the	 heart,	
the	 characteristics	 of	 the	 auto-rhythmic	 cardiac	 cells,	 the	 normal	 and	
ectopic	heart	 rhythms	and	 the	nerve	 supply	of	 the	heart	which	 is	only	
responsible	 for	 increasing	 or	 decreasing	 the	 heart	 rate.	 These	 points	
were	discussed	again	in	this	lecture	in	the	following	section.	

	

Conduction	System	of	the	Heart	

	 This	system	comprises	the	SA	and	AV	nodes,	bundle	of	His,	the	
atrioventricular	bundle	and	the	bundle	branches.	Internodal	fibers	may	
be	present	between	the	SA	node	and	the	AV	node.	These	parts	are	made	
of	 specialized	 cardiac	 muscle	 cells.	 Uni-directionality	 of	 the	 action	
potential	 propagation	 is	 because	 of	 the	 presence	 of	 the	 refractory	
period.	
	

The	auto-rhythmic	cells 

These	 cells	 are	 a	 very	 important	 part	 of	 the	 heart	 conduction	
system.	These	cells	are	specialized	cardiac	muscle	cells	that:	

(1)	lack	contractile	proteins	"histologically"	

(2)	are	leaky	to	sodium	"physiologically",	which	results	in:	

- Phase	4	of	the	action	potential:	the	slow	depolarization.	
- The	 "resting"	 membrane	 potential	 is	 less	 negative	 (-65	 mV	

instead	of	-90	mV.)	

We	discussed	the	mechanism	of	generating	the	action	potential	in	
the	auto-rhythmic	cells.	The	electrical	activity	of	these	cells	starts	with	a	
slow	depolarization,	 and	 then	progresses	 to	 the	 threshold,	 then	 to	 the	
peak,	 and	 then	 repolarization	 occurs.	 This	 electrical	 activity	 is	
autonomous	and	regular.	
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Differences	 in	 the	 sodium	 leakiness	 of	 these	 cells	 result	 with	
differences	in	the	rhythmic	rate.	As	a	result,	the	intrinsic	rate	values	are	
as	follows:	

- SA	node:		60-80	action	potential	/min	(the	normal	pacemaker)	
- AV	node:		40-60	action	potential	/min	
- Purkinje:		15-40	action	potential	/min	

An	 important	 point	 is	 that	 these	 rates	 are	 not	 related	 to	
conduction	 speed	 of	 the	 conduction	 system	 parts.	 The	 conduction	
speeds	of	the	conduction	system	parts	are	as	follows:	

- Purkinje	fibers:	have	the	fastest	speed	of	conduction;	that	is	to	
stimulate	 all	 the	 muscle	 cells	 of	 the	 ventricles	 at	 the	 same	
time.	 Two	 things	 contribute	 to	 the	 fast	 conduction	 speed	 of	
Purkinje	 fibers:	 (1)	 the	cells	have	many	gap	 junctions,	and	 (2)	
the	 cells	 are	 similar	 to	 normal	 cardiac	 muscles	 in	 their	
rectangular	 shape	 that	 results	 with	 higher	 diameter	 and	 so	
lower	resistance.	

- AV	node:	has	the	slowest	speed	of	conduction.	This	AV	delay	
helps	 in	assuring	that	the	atria	have	finished	their	contraction	
before	the	start	of	the	ventricular	contraction.	

- Ventricular	and	Atrial	muscle:	Moderate	speed.	
- SA	node:	slow	speed	of	conduction.	

	

NOTE:	There	are	two	general	types	of	cardiac	action	potentials.	(1)	Non-
pacemaker	 action	 potentials,	 also	 called	 "fast	 response"	 action	
potentials	 because	of	 their	 rapid	depolarization,	 are	 found	 throughout	
the	heart	except	for	the	pacemaker	cells.	The	pacemaker	cells	generate	
spontaneous	 action	 potentials	 that	 are	 also	 termed	 "slow	 response"	
action	potentials	 because	of	 their	 slower	 rate	of	depolarization.	These	
are	normally	found	in	the	sinoatrial	(SA)	and	atrioventricular	(AV)	nodes	
of	the	heart.	
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Nerve	supply	of	the	heart	

The	heart	is	supplied	by	the	autonomic	nervous	system.	Cardiac	
plexuses	provide:	

- Sympathetic	supply:	to	all	parts	of	the	conduction	system.	
- Parasympathetic	 supply:	 (vagus	 nerve),	 only	 to	AV	node,	 SA	

node	 and	 atria.	 So,	 no	 significant	 vagal	 effect	 is	 on	 the	
ventricular	contractility.	

The	effect	of	this	innervation	is	as	follows:	

	 	

Slope	=	the	difference	in	voltage	per	time.	

	
According	to	that:	

- Parasympathetic	 supply	 results	 with	 negative	 chronotropic,	
negative	dromotropic	and	negative	atrial	inotropic	effects.	

- Sympathetic	supply	results	with	positive	chronotropic,	positive	
dromotropic	and	positive	inotropic	effects.	



4	
	

Remember:	
*Chronotropic:	rate.	
*Dromotropic:	speed	of	conduction.	
*Inotropic:	contractility	

													The	 only	 parameter	 that	 does	 not	 change	 by	 autonomic	
innervation	 is	 the	peak	of	 the	action	potential;	because	 it	 is	an	All-or-
None	process.	

	

NOTE:	In	bundle	branch	block,	impulses	are	transmitted	through	muscle	
cells	 gap	 junctions	 instead	 of	 Purkinje	 fibers.	 This	 slower	 conduction	
results	 with	 slower	 depolarization.	 This	 will	 appear	 on	 the	 ECG	
(upcoming	lectures).	

	

Ectopic	pacemaker	

											SA	node	 is	 the	normal	pacemaker	of	 the	heart,	 and	 the	 intrinsic	
rhythm	 of	 AV	 node	 and	 Purkinje	 fibers	 is	 suppressed	 by	 receiving	 the	
faster	 rhythmic	 action	 potential	 of	 SA	 node.	 This	 is	 called	 overdrive	
suppression.	

											Ectopic	pacemaker:	pacemaker	in	an	area	other	than	the	SA	node;	
it	can	be	faster	or	slower	in	rate	than	the	SA	node.	

										Stimulating	the	vagal	innervation	suppresses	SA	node,	and	can	lead	
to	stopping	its	rhythm.	After	that,	Purkinje	fibers	intrinsic	rhythm	starts	
because	of	 the	absence	of	 the	overdrive	 suppression	 (remember	 that	
ventricles	and	Purkinje	fibers	are	not	supplied	by	the	vagus	nerve).	But	
the	 reactivation	 of	 Purkinje	 fibers	 is	 not	 direct;	 it	 may	 take	 15	 to	 30	
seconds	to	start.	This	process	is	called	ventricular	escape.	

00:00	–	18:00	

End	of	revision	
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Electrocardiography	(ECG):		Introduction	

	

										Electrocardiography	(ECG)	is	a	recording	of	the	electrical	activity	of	
the	 heart;	 calculated	 by	 a	 machine	 (contains	 galvanometer	 and	
amplifier).	It	is	commonly	used	in	the	inspection	of	patients	complaining	
of	chest	pain.	ECG	records	the	changes	in	the	electrical	activity,	not	the	
mechanical	activity.	

Basic	principles					

										When	 we	 discussed	 the	 topic	 of	 cardiac	 action	 potential,	 the	
graphs	 demonstrated	 are	monophasic.	 This	 means	 that	 the	 electrical	
activity	is	detected	by	placing	an	electrode	outside	the	cell	and	the	other	
parallel	inside	the	cell.	So,	the	graph	was	all	above	the	resting	potential,	
because	the	positive	ions	get	in	the	cell	throughout	the	process.	

										ECG,	however,	is	measure	in	a	biphasic	manner;	that	is	by	placing	
the	 both	 electrodes	 outside	 the	 cell	 in	 two	 different	 points.	 The	
electrodes	 are	 put	 on	 the	 surface	 of	 the	 body.	 Placing	 the	 electrodes	
directly	on	 the	 surface	of	 the	heart	 is	not	practical	 (although	gives	 the	
best	results),	and	may	be	done	only	during	heart	surgeries.	

			Let	us	now	discuss	the	following	graph	of	biphasic	measurement:	

At	 the	 start,	 both	 areas	
are	 in	 resting	 state;	 no	
voltage	 difference	 is	
detected	(isoelectric	line).		

A:	 in	 this	 stage,	 the	 first	
part	 is	 depolarized	 while	
the	other	part	is	still	in	the	
resting	state.	The	machine	
records	the	difference.	
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Maximal	 difference	 is	 achieved	when	 the	 depolarization	wave	 reaches	
the	halfway	between	the	electrodes.	After	that,	the	difference	starts	to	
decrease.	

B:	 the	 whole	 membrane	 between	 the	 electrodes	 is	 depolarized;	 the	
voltage	 difference	 is	 0	 (back	 to	 isoelectric	 line).	 Notice	 that	 the	
depolarization	wave	is	deflected	upwards.	

C:	repolarization	starts	from	the	beginning;	the	machine	pointer	moves	
in	 a	 direction	 opposite	 to	 that	 of	 depolarization	 (because	 of	 the	 ions	
move	in	the	opposite	direction.)	

Maximal	 downward	 deflection	 is	 achieved	 when	 repolarization	 wave	
reaches	the	halfway	between	the	two	electrodes.	

D:	 repolarization	 of	 the	 whole	 segment	 between	 the	 two	 electrodes	
(back	again	to	isoelectric	line).	

Interpretation	of	ECG	waves	

When	 ECG	 is	 being	 measured,	 the	 electrodes	 are	 placed	 on	 the	 skin	
around	 the	 heart.	 And	 as	 we	 know,	 the	 amplitude	 of	 cardiac	 action	
potential	(voltage	difference	between	the	lowest	and	the	highest	points)	
is	 120mV	 when	 calculated	 directly	 from	 the	 cardiac	 muscles.	 But	 this	
amplitude	is	lessened	when	calculated	in	ECG;	because	of	the	resistance	
the	electricity	faces	till	reaching	the	skin	surface.	That	is	why	we	need	an	
amplifier	in	the	ECG	machine.	(Remember	that	our	bodies	are	electricity	
conductors;	they	contain	ions).		
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ECG	records	the	change	in	the	voltage	(Y	axis)	plotted	against	time	(X	
axis).	

The	waves	of	the	electrocardiogram	have	the	following	meanings:	

P	wave:	depolarization	of	atrial	myocardium.	

– Signals	onset	of	atrial	contraction	

QRS	complex:	ventricular	depolarization		

– Signals	onset	of	ventricular	contraction	

T	wave:	repolarization	of	ventricles	

18:00	–	35:00	

PR	interval	or	PQ	interval:	0.16	sec.	

– Extends	 from	 start	 of	 atrial	 depolarization	 to	 start	 of	 ventricular	
depolarization	(QRS	complex)	contract	and	begin	to	relax.	

– Can	indicate	damage	to	conducting	pathway	or	AV	node	if	greater	than	
0.20	sec	(200	mSec)	

Q-T	 interval:	 time	 required	 for	 ventricles	 to	 undergo	 a	 single	 cycle	 of	
depolarization	and	repolarization	

– Can	be	 lengthened	by	electrolyte	disturbances,	conduction	problems,	
coronary	ischemia,	myocardial	damage	

Cardiac	 cycle	 (heart	 beats):	 the	 time	 between	 a	 point	 and	 its	 next	
emergence	 (R	 to	 the	 next	 R	 for	 example…).	 This	 means	 that	 you	 can	
calculate	the	heart	rate	out	of	ECG	(1	cycle	=	1	beat).	

										Notice	 that	 atrial	
repolarization	 (phase	 3)	 and	
ventricular	 depolarization	 (phase	
0)	 take	 place	 at	 the	 same	 time.	
And	 because	 the	 ventricular	
activity	 is	 much	 bigger,	 QRS	
complex	 masks	 the	 atrial	
repolarization.	
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										Also	 notice	 that	 ventricular	 repolarization	 wave	 is	 deflected	
upwards;	 because	 repolarization	 starts	 retrospectively	 from	 the	 last	
depolarized	 site.	 So,	 depolarization	 and	 repolarization	 propagate	 in	
opposite	 directions,	 so	 their	 waves	 are	 both	 deflected	 upwards	
(repolarization	 does	 not	 start	 from	 the	 same	 area	 from	 which	
depolarization	has	started,	it	starts	from	the	place	where	depolarization	
ended).	In	the	heart,	the	depolarization	starts	from	the	inside	outwards	
(endocardium	 towards	 pericardium),	 and	 from	 the	 base	 to	 apex.	
Repolarization,	on	the	other	hand,	starts	from	the	pericardium	towards	
the	endocardium,	and	from	apex	to	base.	 (Endothelial	area	depolarizes	
first,	and	pericardial	area	repolarizes	first),	why?	

- This	may	be	an	intrinsic	characteristic	of	the	cardiac	muscles	
- Depolarization	 is	 followed	 by	 contraction	 (systole);	 which	

increases	 the	pressure	 inside	 the	heart.	This	changes	 the	 ions	
composition	 around	 the	 endothelium	 to	 the	 extent	 that	 it	
delays	 the	 repolarization	 in	 the	 area	 (pressure	 on	 the	
endothelium	is	bigger	than	that	on	the	pericardium).	

ECG	paper	

										It	 is	 very	 important	 to	 understand	 the	 paper	 scale,	 so	 you	 can	
analyze	 the	 results	 of	 the	 ECG.	 The	 scale	 is	 discussed	 as	 follows:		
(y-axis	is	represents	voltage;	x-axis	represents	time)	

	

Y-axis	

- 1	small	square	is	0.1	mV	
- 10	small	squares=	1.0	mV	
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X-axis	

- The	 speed	 in	 which	 the	 machine	 draws	 its	 measurement	
determines	 the	 time	 representation,	 which	 is	 usually	 as	
follows:	
25	small	squares=	25mm=	1	second			(25mm/s)	
So,	one	small	square=	1/25second	=0.04	seconds	

35:00	–	47:00	

	

 


