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Cardiac	Output		
	
Slide	2	

• Cardiac	output🩸 	:	the	amount	of	blood	ejected	or	pumping	by	each	ventricle	per	minute.	
• mathematically🎲 :	cardiac	output	=heart	rate*stroke	volume		
• What	is	the	stroke	volume	🤔 ?	
• Stroke	Volume:	the	volume	of	blood	ejected	by	each	ventricle	with	each	beat.( مدلا مجح ينعی 	
) ةدحاولا ھضبنلاب خوخضملا • 	

and	it’s	equal	in	adults	=70	
	

لا ىلع عجرن بیط —> 	cardiac	output		
Normal	Heart	rate=70		and		Stroke	volume	in	adults	=70	
So	the	cardiac	output	=70*70=4900ml	=5L/min	
And	this	is	the	normal	value	of	cardiac	output	in	adults	🧑 	(5L-	6L	/min)	
	

 ��نلاا فیراعتلل عجرن بیط
• End	diastolic	volume:	The	volume	of	blood	in	each	ventricle	at	the	end	of	diastole	.=130	
• End	systolic	volume:	The	volume	of	blood	remains	in	each	ventricle	at	the	End	of	systole	and	

the	value	=50ml	in	adult.	
	)80-70 نیب  جرفلاا داھب ھبسنلا هذھ ينعی(Volume	Stroke	the	it’s	and	80=50-130 لا يلاتلابو

	
 ؟ESV	and	EDV لا نیب ام قرفلا

(Stroke	Volume	)👑 	
	

The	percentage	of	end	diastolic	volume	ejected	with	each	beat(	the	ratio	of	stroke	volume	to	
EDV)	it	is	what	we	called	:	Ejection	Fractions		

 …ةلداعم ةغیصب اھلثمن يجیت
	
Ejection	Fraction	=	(stroke	Volume/EDV)	*100% 
	

	).(beat	each	with	ejected	that	EDV	of	percentage لا ينیطعتب ةلداعملا يھ
	

	Heart (وأ) heart	the	in	contractility (لاب	problems انع نوكیح	)(change يأ اھیف لصح اذإ	(percentage) لا يھو
failure💔 	( 
 )��لمك لای سب هزفتسم ةلمجلا فرعب(
.........................................................................................................................	

Slide	3:	
	

Factors	that	effect	the	cardiac	output: ��نوناقلا نم��  
Ø Stroke	Volume		
Ø Heart	failure		

	
-These	two	factors	are	the	main	determinant	of	cardiac	output	.	
-These	variables	are	interdependent )ضعبلا مھضعب ىلع ودمتعیب( ,	they	usually	Changes	together	and	in	
opposite	direction	. 
As	heart	rate	goes	up	and	stroke	volume	goes	down	and	vice	versa.	



	
	يدنع راص ول بیط

• Reduction	in	Heart	Rate	to	below	70	beat	/min	what	will	happen	for	cardiac	output?	
As	heart	rate	decrease	below	70	beat/min	Cardiac	output	almost	remains	constant	 🤷		
Why? 
Because	heart	rate	decrease	but	stroke	volume	will	increase	,	as	we	mention	before	
they	are	interdependent	(change	together	in	opposite	direction)	
	

 ؟volume	stroke	in	increase انع ریصی حر 	rate	heart	in	decrease انع راص اذإ شیل ؟شیل بیط
	Because	when	heart	rate	decrease	the	ventricle	will	have	enough	time	for	maximum	filling	so	
we	will	have	good	filing	and	good	ejection	so	stroke	volume	will	increase	and	cardiac	output	will	
be	constant	.	
	

• What	will	happen	if	heart	rate	decreases	below	50	beat/min?	
We	will	have		increase	in	stroke	volume	but	the	increased	can’t	compensate	the	high	
slow	heart	rate	,	therefore	the	Cardiac	output	is	decreased.	

	
• If	the	heart	rate	increases	up	to	200	beat/min	in	this	case	the	stroke	volume	is	

decreased,	why?		
o Because	we	don’t	have	enough	time	for	filling	so;	
o ➡  No good ejection ➡  No good diastolic volume ➡ this will effect the 

cardiac output . 
o In	this	case	cardiac	output	remain	constant	,	or	may	be	increase	slightly	because	

we	have	increase	in	heart	rate➡ 	from	increasing	in	heart	acceleration		
	

• But	if	we	have	increase	in	heart	rate	more	than	200	➡ diastolic period shorten too 
much and stroke volume is markedly decrease the cardiac output will also be 
decreased ➡ because the decreased stroke volume not compensated by Heart 
acceleration. 

هدعب يلا دیلاسلا ىلع لای • 👏 🚶 	
...................................................................................................................................  

	
Slide	4	(Regulation	of	heart	rate)	
	

• Mechanism	that	regulate	the	heart	rate	can	be	divided	into	2	
categories:✌ 	

Ø Neural	mechanism	
Ø Humoral	mechanism	

	
	

• And	the	Neural	mechanism	have	3	Types	 👌: 
1. Autonomic	regulation		
2. Reflex	regulation		
3. Regulation	by	higher	centers 🔥	

	
	
	



	
	
	
	
	
	

	
Slide	5	(Autonomic	control)	
(Autonomic	means	sympathetic	and	parasympathetic	control)			

 ⬇تحت يلا ةروصلاب فوشنب ام لتم

Both	sympathetic	and	parasympathetic	divisions	of	autonomic	nervous	system	have	an	
effect	on	heart	rate.	

 ⬇ ھمھ يلا 	innervation	dual اھدنع يف مسجلاب ءاضعلأا مظعم ونا فرعنب انحنً اعبطو
(Sympathetic	and	parasympathetic)	

 ةداعلاب سب 	parasympathetic	and	sympathetic نینتلا نم 	innervation  لصحتب مسجلا ءاضعأ ينعی
 . انع يلا 	organ لا بسح ىلع ينأتلا نم رتكا دحاو نوكب

			
So	heart	have	dual	innervation	but	it’s	normally	,	at	rest	:	parasympathetic	control	is	
the	dominant	mechanism, therefore	the	parasympathetic	control	of	SA	
node(responsible	of	heart	rate)is	the	dominant	mechanism	not	sympathetic	 
therefore	the	basal	heart	rate	is	less	than	the	intrinsic	heart	rate.	
	
What	do	we	mean	in	intrinsic	heart	rate?	
Intrinsic heart rate is the rate of discharge of SA node when the heart is completely de-
innervated. 
	

 ⬇انلمع ول ينعی



 release	of	the	heart	from	the	body	we	will	don’t	have	innervation	and	the	intrinsic	
heart	rate	will	be	very	high	and	higher	than	basal	because	the	basal	heart	rate	=(70-
80)	but	the	intrinsic	=(100-110)	and	this	in	the	de-innervation	.	
	

 �🔔�؟نوكتح وش	heart لل 	innervation يدنع ناك ول بیط
If	we	have	innervation	of	the	heart	it	will	be	Parasympathetic	and	it	will	inhibit	the	
intrinsic	heart	rate	that’s	will	be	(70-80)	not	(100-110)	therefore	the	heart	rate	will	
be	less.	
	
	
The	parasympathetic	of	the	heart:	
Originate from ➡ nucleus tracts solitaries  
Originate from ➡ dorsal motor nucleus of vagus 
Originate from ➡ nucleus ambiguous  
	

• And	the	vagus	nerve	from	these	places	👆 mainly	supply	the	atria	,(SA	node)	
and	AV	node	very	little	supply	to	ventricle		

 اھیأ تحت لاؤسلا	,انلا لاؤس(ةیمھأ ولا يشلاا داھو امًامت 	ventricle لا ىلع رثؤی لا ھنا يكحا ردقبو
 )لای ةباجلإا ىلع ورود نویفغشلا
 

What	is	the	important	of	no	parasympathetic	innervation	for	ventricle?!!🤔 😁 نییضاف مكنأ 	 ب ام
( 💃 ركفتنلف(طقف مكلا وھو لاؤسلا داھب وركف لاغ شا  
	

• We	have	two	branches	for	vagus	nerve:	
Ø Right	vagus	nerve		
Ø Left	vagus	nerve		

	
Right	vagus	nerve	predominantly	supplies	SA	node	while	the	left	vagus	nerve	predominantly	
supplies	AV	node		
		
Parasympathetic	vagus	stimulation	decreases	the	heart	rate	

	لا ھنا 	curve لا داھ ىلع ظحلانب : يولعلا 	curve لا مسرلا ىلع علطتأ رخا ىنعمب
parasympathetic	vagus	stimulation	decreases	the	heart	rate	by	decreasing	the	slope	
of	the	prepotential	phase.	



	
• Pre	potential	phase	to	reach	threshold	needs	longer	time	➡ 	less	firing➡ less	heart	

rate	
• (Pre	potential	is	the	phase	4)	

	
So	vagus	stimulation	effect	the	SA	node:	

• Decreases	the	slope	of	prepotential	decreases	the	slope	of	phase	4	and	the	
rhythmicity	of	the	pacemaker	cells	(SA	node)	is	reduced	resulting	in	the	bradycardia.	

	
• Parasympathetic	has➡ negative	cronotropic	effect	any	agent	the	modulate	heart	rate	

is	an	agent	that	has	either	positive	or	negative	cronotropic	so	in	this	case	the	
parasympathetic	stimulation	or	the	vagus	nerve	or	the	acetylcholine(because	the	
acetylcholine	is	the	neural	transmitter	release	from	parasympathetic)so	the	acetyl	
COA	or	the	vagus	they	are	negative	cronotropic	agents	because	the	have	a	negative	
effect	on	the	heart	rate	they	reduce	the	heart	rate.	
	

• As	we	say	the	stimulation	of	vagus	nerve	result	in	reduction	in	the	heart	rate	and	this	
happened	because	of	longer	time	for	the	prepotential	to	reach	the	threshold	and	this	
happened	result	of	secretion	of	acetylcholine	from	the	vagul	nerve	endings		and	the	
acetyl	COA	Effect	on	SA	node	remains	for	a	short	time	as	acetyl	CoA	is	rapidly	
destroyed	by	a	specific	enzymes	known	as	acetylcholinesterase.	
	
Now	lets	talk	about	sympathetic	effect	🧠 🥳 	
	

• Sympathetic	effect	too	but	in	stress	and	exercise.	
	

• Sympathetic	supplies	all	parts	of	the	heart	(SA	node	,	AV	node	,	atrial	regions	and	
ventricular	regions	and	all	parts	of	the	conduction	system	)	
	

• Sympathetic	has	positive	cronotropic	effect	(	increase	the	heart	rate)	
	

• At	the	same	time	sympathetic	has	positive	ionotropic	effect	(	ionotropic	have	
relationship	with	contractility	of	the	heart	)	
	

• Sympathetic	innervation	increases	the	heart	rate	therefore	:	
	
(positive	cronotropic	)	also	increases	the	contractility	of	the	heart	(positive	
ionotropic)	
	
Why	sympathetic	effect	the	contractility?	
	

 رثؤی لا	parasympathetic لا كلذل 	ventricle لا ناردجب دوجوم اھمظعم يلا 	myocardium—⬅ لا ىلع رثأب ونلا	
 لا امأ 	contractility لا ىلع رثؤی لا يلاتلابو parts	myocardialلا ىلع رثؤی لا يلاتلابو 		ventricles لا ىلع

sympathetic	 هدنع كیھل مھیلع رثأب positive	ionotropic	 لل ةبسنلابو parasympathetic	 نامك هوھف 
		filling	for	essential	not	atria لا ضابقنا نكلو regions	atrial	in	contractility لا ىلع رثؤی 	

	
The	sympathetic	innervation	to	the	heart	is	plentiful		happened	result	from	releasing	
of	norepinephrine	and	sometimes	result	of	releasing	of	epinephrine	from	adrenal	
medulla	and	both	are	effect	beta	1	adrenergic	receptors	on	the	heart	therefore	we	



will	have	increasing	in	calcium	and	sodium	permeability	inside	the	cardiac	cells	that	
will	lead	to	increasing	in	the	heart	rate	and	contractility.		
	

 يتلا 	mechanisms لا نع ةرابع ھیھ ٣لا تامسرلا يھ نا ظحلانب ��قوف ةدوجوملا تامسرلا ىلع علطتأ يدب ول
	 	innervation	autonomic لا ةجیتن	rate	heart لا ةدایز ىلإ يدؤت
 

Figure	A ➡  it’s	mechanism	of	(	decreased	rate	of	depolarization)	
 ⬇لا ونا لبق انیكح ام لتم

 

 parasympathetic	make	increase	in	slope	of	prepotential	so➡ 	it	take	longer	time	for	
this	phase	to	reach	the	threshold	( عطقتملا طخلا )	
	
Blue	line	represent	parasympathetic	effect	💙 	
	

......................................................................................................................................... 
	
	

	heart لا ناصقن وأ ةدایز ىلع 	divisions	autonomic لا هذھ لمعت اھللاخ نم يتلا ىرخلأا	mechanism لا
rate	 لاب ىمسی ام نع ةرابع يھ negative	shift	in	maximum	diastolic	potential	

It’s	(Figure	B)	
 

	 لا ينعی 	hyper-polarization لا ىمسی ام ىلع لمعیب 	parasympathetic لا ھنا ظحلانب
Phase	4	start	from	more	negative	value	then	we	will	have	hyperpolarization⬇  

⬅shift	negative انع ریصب ينعی 		
Green	line	represent	parasympathetic	effect	 💚 

	
ً لاثم )	(50- نمً لادب) 	70- (نم أدب ھنا ھمسرلاب ظحلانب

Which	means	longer	time	is	needed	for	diastolic	potential	to	reach	threshold	➡ andFiring	
the	action	potential	🔥 therefore	by	this	mechanism	the	parasympathetic	innervation		
decrease	the	heart	rate	( 	(sympathetic لل ةبسنلاب سكعلاو
	
	

................................................................................................................................................ 	
3rd	mechanism➡  (positive	shift	in	threshold	)	

	:هانعم اذھو	30- ریصت حرً لاثم 	45- نع ةرابع تناك ام لدب 	threshold لا ينعی
-		less	negative	and	more	positive	and	this	mechanism	use	by	parasympathetic	to	decrease	
the	heart	rate	( 	to	needed	is	time	Longer	therefore	threshold	in	shift	positive لمعب يلاتلابو➡
reach	threshold	to	fire	an	action	potential	.	

	)	sympathetic لاب امًامت سكعلا(
 

(Figure	C)	
	
Purple	line	represent	parasympathetic	effect 💜 	
	

................................................................................................................................................. 	
	
	
	



	
	
	
Slide	6	(Reflex	control)	
	

• The	Reflex	control	include:	
	

Ø Baroreceptor	reflex		
Ø Chemoreceptor	reflex		
Ø Bainbridge	Reflex	
Ø Cushing’s	Reflex	

	
	:��هددحو هدحو مھیف أدبن الای

I. Baroreceptor	reflex:	
what’s	the	component	of	Reflex	?	

Ø Receptors		
Ø Afferent	neuron	
Ø integrating	Center	
Ø Efferent	neuron	
Ø Target	tissue		

	
In	the	Baroreceptor	we	have	a	mechanical	receptors		

• called	Baroreceptors			
• Located	in	the	carotid	sinus	and	aortic	arch	

and	these	receptors	are	stimulation	by	high	blood	pressure,	once	they	are	
stimulation	they	become	active	after	activation	they	stimulate	send	impulses	through	
afferent	neurons	to	nucleus	tracts	solitaries	.and	this	impulses	that	are	generated	in	
these	baroreceptors	after	their	stimulation	by	high	blood	pressure	are	transmitted		
to	the	nucleus	tracts	solitaries	by	afferent	neurons		

Ø Afferent	neurons➡ ( 	(	nerve	cranial	tenth	and	ninth	 لاب اھناكم
Ø Nucleus	tracts	solitaries		➡ (	 	(oblongata	medulla	 لاب اھناكم

	
When	nucleus	tracts	solitaries	stimulate	these	area	send	inhibitory	impulses	to	vasomotor	
center	(VMC) ➡ 		Inhibition	for	VMC	➡  reduction	in	sympathetic	activity	➡ increasing	in	
parasympathetic	activity	➡ bradycardia	➡ heart	rate	reduction		
	
Heart	Rate	increases	occur	in	condition	in	which	Baroreceptor	are	less	stimulated	such	as	
hypotension.	
	

 
II. Chemoreceptor	reflex	:-	

Ø In	chemoreceptor	we	have	chemical	receptors	in	the	carotid	sinus	called	carotid	
bodies.	

Ø Chemoreceptor	stimulated	by	change	in	chemical	composition	of	the	blood	as	occurs	
in	hypoxia	,	hypercapnia	,	and	acidosis.	



Ø Activation	of	chemoreceptor	primarily	produces	Bradycardia	,	but	heart	rate	may	
unchanged	or	even	slightly	increased	by	secondary	effect.	
	

Ø Mild	hypoxia	causes	tachycardia,	but	moderate	to	severe	hypoxia	decreases	the	
cardiac	output	by	suppressing	myocardial	contractility	by	stimulation	of	
chemoreceptors	➡  so	reduction	in	cardiac	output	and	suppression	for	myocardial	
activity.	

	
Ø Carbon	dioxide	changes	:-	

it’s	effect	may	be	direct	or	indirect	in	the	myocardium		
	

o The	direct	effect	for	carbon	dioxide	leads	to	depression	in	myocardium	if	I	
have	hypercapnia		

o 	
o The	indirect	effect	leads	to	stimulation	for	peripheral	chemoreceptor	and	this	

will	effect	the	heart	rate.	
	

Ø Acidosis	make	depresses	in	myocardium	(less	contraction)	why?🤔 🤓 	
Because	if	I	have	reduction	for	intercellular	ph	will	leads	to	decrease	the	endoplasmic	
reticulum	calcium	leads	to	decrease	the	contractility	and	reduction	in	intracellular	
ph	lead	to	decrease	sensitivity	of	mayofilament	to	calcium		
(	Troponin	sensitivity	to	calcium	becomes	less		
➡  So	less	sliding	➡  less	contraction	 
	
III. Bainbridge	reflex	:-	

o It’s	cardioaccelators	reflex		
o Leads	to	increase	the	heart	rate		
o Increase	in	heart	rate	when	venous	return	increase	

	atrial	⬅ Right		reflex	Bainbridge لدب ھیمسن نكمم كیھل	atrium	right لاب ثدحی	reflex لا اذھ
reflex		

IV. Cushing’s	Reflex	:-	
	

o This	reflex	become	active	when	hypotension	occur	that	decrease	blood	flow	to	the	VMC	
so➡ direct	stimulation	of	VMC➡ activation	of	sympathetic,	which	cause	tachycardia	and	
vasoconstriction	.	

o But	the	consequent	increase	in	pressure	due	to	Cushing	reflex	stimulates	the	
baroreceptors	that	finally	result	in	bradycardia.	

	
	
	
	
	
	
	
	
	
	
	



	
Slide	7	(	control	by	higher	centers) 
	

⬇ لا ضعب  

(emotional	states	like	stress	and	anxiety)	
لمعتب ⬇  

(stimulation	for	higher	center	in	the	brain	cortex)	
لا ىلع رثؤت اھرودب يتلاو ⬇  

(cardiovascular	center)	
لاب دوجوملا ⬇  

(Medulla)	
⬇يدنع ریصی حر يلاتلابو  

(firing	for	more	sympathetic	or	parasympathetic) 
⬇ىلا يدؤی فوس ةیاھنلاب يلا 	

(Change	in	Heart	rate	) 
 �🄓� ودعب يلا دیاالاسلا لای ااادك سبو

...........................................................................................................................................  
Slide	8	(	Humoral	control	mechanism) 
	
We	have	many	hormones	that	effect	the	heart	rate	like:thyroxine,	catecholamines	these	
hormones	increase	heart	rate. 
 

........................................................................................................................................... 	
Slide9	(	physiological	variation)	
	We	have	many	physiological	variation	that	effect	the	heart	rate.	

 )نیریخ ریخلا ةدایز أدبم�� اھیف نیبلاطم ومو ھفرعملل ھمولعملاھ(
............................................................................................................................................. 

Slide	10	(	Factors	effecting	stroke	volume)	
	

1. Cardiac	pumping	power:	this	is	effected	by	the	cardiac	inotropic	state	
Ø Factors	that	effect	cardiac	pumping	power	

o Preload		
o After	load	
o Contractility	

 
.................................................................................................................................................... 	

	
Slide	11	(cardiac	preload	)	

 :نلاا لماوعلاب أدبن
Preload:	is	the	end	diastolic	volume. 
	
We	have	relationship	between	the	preload	and	force	of	tension	



 ��تحت يلا ةروصلاب فوشنب ام لتم

	
• X-axis	represent	preload	or	EDV	
• Y-axis	represent	force	of	tension	developed	within	muscle	fibers		

	
• Increase	in	EDV	➡  increase	in	force	of	contraction	➡  increase	in	stroke	volume		

 ىلا	A1 نم 	Volume	stroke لا ةدایز ىلا يدؤت	x-axis لا ىلع	Bلل A لا نم	EDV لاب ةدایز انع يف راص امل
B1	ىلع y-axis	نع ةرابع وھ اذھ  Frank-starling	curve)( 

 
Frank-Starling	low:	within	limits	the	force	of	cardiac	pumping	power	contractility	is	
directly	proportional	to	the	initial	length	(	preload	or	EDV)	of	the	cardiac	muscle	
fibers.	
	
EDV	=	preload	=length	of	muscle	fibers	of	the	heart	 ⬅يشلاا سفن ىلع ولدب مھلك لودھ ينعی  

	
 )curve	length-tensio وھً اذاtension	 لاو 	(EDV)	length	initial لا نیب ام ةقلاع نع ةرابع هروصلا هذھ(
	loop	Frank-starling وھو
 لا قیرط نع ددحی 	.limit  انع يف ونا نوفرعت مكدب كیھل 	limits	within ونا كلیكحب قوف يلا فیرعتلاب لاھ

length	 لل cardiac	muscle	 
So	we	have	optimum	length	that	has	the	highest	contraction	of	the	muscle		

 
 يدنع يف 	contraction	Maximum لا يدنع يف 	fiber	muscle لل	2.2 لا لوط دنع ظحلانب كیھل

maximum	force	tension		
	

After	this	peaks	length	➡  we	reach	limit	➡ 	after	this	limit	➡  ventricular	
contraction	decrease	at	either	shorter	or	longer	muscle	fiber	length		

 
2,2	is	the	optimum	sarcomere	length	that	have	the	peak	(limit)	the	maximum	force	of	
contraction	and	maximum	tension	that	has	the	maximum	stroke	volume	 

 
  �🙄� قوووف يلا ةمسرلاب

At	2.2	we	have	optimum	length	and	optimum	overlapping	between	actin	and	myosin	
so	we	will	have: 

Ø More	shortening	➡  more	velocity	of	shortening	➡  more	tension	➡  more	stroke	
volume		
	

Ø The	importance	of	this	mechanism	is	that	it	helps	the	heart	to	eject	whatever	volume	
of	blood	it	receives	within	limit.	
	



 ریصب ونلا يجراخ زفحم يأ نودب مدلا خضی ردقبو عضولا عم لماعتی ردقیب يعیبطلا نع هدایز مد ھلصو اذإ بلقلا كیھل
	actin لا نیب 	overlapping	more ينعی	length	more	 ينعی 	ventricle	 لاب 	stretching	more هدنع
 .	volume	stroke	more و 	contraction	more	 يلاتلابو	myosin لاو
��	blood	of	volume	extra (نم صلختلا ىلع رداق بلقلا لعجی اذھو  ( 

 
 :�😬�ناتقیرط انع نامك اسل ةقیرطلا يھ ریغ

The	2nd	mechanism	is	:	
The	Increase	in	stretching	lead	to	make	the	troponin	more	sensitive	for	calcium	so➡ 	more	
sliding	➡  more	shortening		
	
The	3rd	mechanism	is	:	
Every	increase	in	myocyte	(	sarcomere	)	lead	to	decreases	the	muscle	fiber	diameter	which	
would	bring	actin	and	myocin	molecule	closer	to	each	other	➡ 	which	facilitate	there	
interaction	to	each	other	➡  more	sliding	➡  more	contraction	➡  more	stroke	volume.	
	
	

 �🔓�للمكو كیرب كلدخ�👏� ةرضاحملا يھل لولأا دروكیرلا انصلخ نوكنب كیییھو
 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
 
	
	
	
	��	12	slide نم لمكح كیھل 	11	slide ب وھو داعمُ حرش	9:31 ةقیقدلا دنعل
	



Slide	12	(	The	Frank	-starling	curves	)	

This	curve	in	the	picture	is:	
Length	–	tension	curve		OR	Frank	–	starling	curves	
X-axis	represent	EDV	
Y-axis	represent	stroke	volume		
	and	we	have	3	curves:	

• Normal	heart	➡  green	in	color	💚 	
• Curve	that	represent	the	Frank-starling	curve	for	heart	failure	➡  red	color❤ 	
• Normal	heart	which	is	stimulated	from	outside	(increase	contractility)	➡ 	blue	color	

💙 	
	

 قوفل علطاو	x روحم نم 	volume يأ دخ ينعی 	volume	diastolic	end	given	a	at ونا ظحلانب كیھل
 

• At	a	given	end	diastolic	volume	in	the	heart	failure	the	normal	(	EDV-	stroke	volume	
curve)	shifted	downward	and	to	the	left	and	this	is	due	to	reduction	in	pumping	
power	of	the	heart.		
	

• But	if	we	stimulate	the	normal	heart	by	external	mechanism	such	as	(	norepinephrine	
stimulation,	sympathetic	stimulation)frank	–	starling	curve	shifted	upward	and	to	the	
left.	
	

In	this	case	we	have	increased	in	stroke	volume,	why?	
Because	we	have	two	factors	or	two	mechanism	that	effect		the	contractility	of	normal	heart:	

1) Frank	–	starling	mechanism:-	
 ءلاتملاا داھ ةجیتن 	contraction يف يلاتلابو نیعم 	length يف يلاتلابو ءلاتما يف ونا

2) External	stimulation	by	some	factors		called	positive	inotropic	that’s	lead	to	
increase	the	contractility	.	E.g:(	epinephrine)		
	
What	is	the	significance	of	frank-starling	mechanism?	
This mechanism helps the heart to pump whatever volume of blood it receives, but 
within limit (up to a certain limit) 
So any volume of blood reach the ventricle controlled by frank mechanism  
Once the heart receive more blood the ventricle stretch more and the force of 
contraction is increased which insure ejection of this  extra-volume of blood . 
 
 



• What	is	the	importance	of	frank	starling	mechanism	in	the	filling	heart	?	
	

• Before	we	answer	the	question	let’s	talk	about	normal	heart		
• Frank	starling	mechanism	in	the	normal	heart	allows	changes	in	the	right	

ventricular	output	to	match	changes	in	the	systemic	venous	return,	how?	
• If	the	systemic	venous	return	increase	the	right	ventricular	end	diastolic	

volume	and	output	also	increase.	
	

Increase	venous	return	➡ increase	EDV➡ increase	stretching	➡ move	toward	
optimal	length	➡ increase	tension➡ increase	stroke	volume	➡ increase	cardiac	
output		

	
• Increasing	in	the	venous	return	causes	an	increasing	in	right	ventricular	

output	➡ increasing	in	the	pulmonary	venous	return	➡ increasing	in	the	left	
ventricular	EDV	and	output	which	balances	the	right	ventricular	output		

	
• Frank	starling	mechanism	maintains	equal	outputs	from	both	ventricles	

	
• The	important	of	frank	starling	mechanism	in	the	heart	failure:	

In	heart	failure	ventricular	pumping	power	decreases	so	auto	regulation	of	
myocardial	contractility	through	frank	starling	mechanism.	

	
	

• Reduction	in	pumping	power	leads	to	increase	the	remaining	blood	volume	in	
the	ventricle(this	volume	we	called	it	END	systolic	volume)	

	
• Contractility	weakness	➡ pumping	weakness	➡ more	blood	stay	in	the	heart		

	
 	ESV يدنع راص ونا لدب يشلاا داھ	filling	 يدنع ریصی نیدعبو 		atria لا ىلا دوعیو		peripheral	 لا نم مدلا دوعی امدنع
 لا	…رتكا	EDV	 يدنع نوكیح ونا نوكتح ةجیتنلا كیھل 	diastolic لا ءانثا 	atria لا نم ةدایز مد اجا نیدعبو لصلأاب ریبك
 �😁�:شیل كلیكحب لأھ ریتك لئاستت

 لا ءانثا 	filing يدنع يفو	contraction	 لاب فعض انع يف ونا ببسب ولك داھو هریبكً لاصا ةیقبتملا	ESV لا(
diastolic	نوكت حر ةلصحملا اھانعم EDV	يلاع🤷( 

• This	lead	to	a	powerful	ventricular	contraction	according	to	frank-	
starling	mechanism	therefore	accumulated	blood	in	the	ventricle	will	be	
pumped	inspite	the	heart	failure	.	

	
 )	normalلا هاجتاب(��	upward يلا	curve لاب 	shift ھیف ریصی نكمملا نم كیھل
 لمعی ردقی حر ام ةیادبلاب يلاتلاب  	pumping لل 	resistant هدنع نوكی حر ھیادبلاب 	hypertension هدنع دحاو ول ينعی

pumping	لا ةیمكل blood	 لا ھنا ھیلع بترتی اذھ نكلو ةداتعملا ESV	لا ةدایزلا ببسبو تدادزا ESV	لا ةدایز ىلا يدؤی حر 
EDV	لا فاضٌت حر ءلاتملاا ةیلمع ءانثا ھنلأ ESV	لل volume	 لا نم ياج يللا دیدجلا atria	 لا ءانثا diastolic		

	
Increase	of	EDV➡ increase	in	force	of	contraction	➡ the	heart	pumped	the	usual	amount	of	
blood	➡ shif	toward	the	normal	curve		
	

 جتنی نكمم يشلاا داھ ھنلا رتكا ءلاتما يدنع راص اذإ contractility لاب	weakness يدنع ریصی حر رمتسا اذإ يشلاا داھ نكل
 	failure	heart يلاتلابو 	cells	myocardium	of	contractility لا ىلع يسكع لكشب رثؤیف 		hypertrophy ھنع
	��.Treatment مزلا نوكب كیییھل


