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Two pumps

Great vessels

Valves

Each pump has areceiving chamber
(atrium) and a pumping chamber (ventricle).

A Right side: pumps d:¢
to the lungs

A Left side: pumps 0X)
the body

Arteries (arterial trunks) transport blood
away from the heart.
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Heart valves prevent backflow to ensure
one-way blood flow.

por th Atrroimmventricular (A
AV valve and left AV valve) are between
| e f tatrism ahdventricle
A Semilunar valves (i

semilunar valve and aortic semilunar

VC) dalve)are bétweenoventricle and
arterial trunk
into left side
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pul monary




Coronary Blood Flow Cerebral Blood Flow

coronary blood flow: 250 ml/min ACerebral blood flow: 750 ml/min

5% of resting cardiac output A15% of resting cardiac output

60-80 ml blood/100g tissue/min A50-55 ml blood/100g tissue/min

entirely during diastole
~ aortic diastolic pressure minus LVDP
~ duration of diastole

pressure < 150 mmHg

oxygenated by superb membrane oxygenatoil KS f dzy 34 €




Heart HORMONES

Natriuretic Peptides

In response to a rise in blood pressure, the heart releases two peptides:

A\-type Natriuretic Peptide (ANP)
C This hormone of 28 amino acids is released from stretched atria (hence the "A").
AB-type Natriuretic Peptide (BNP)
C This hormone is released from the ventricles. (It was first discovered in brain tissue; hence the
"B".)

Both hormones lower blood pressure by :
A relaxing arterioles
A inhibiting the secretion of renin and aldosterone
A inhibiting the reabsorption of sodium ions by the kidneys.

Arhe latter two effects reduce the reabsorption of water by the kidneys.
A =C So the volume of urine increases as does the amount of sodium excreted in it.
A The net effect of these actions is to reduce blood pressure by reducing the volume of blood in the
circulatory system.

Arhese effects give ANP and BNP their name (natrium = sodium; uresis = urinate).




Normal pressures

_ % 1{?;-_9L@JL_ A Pulmonary capillary wedge pressur CWP;irmm Hg) is a
|'.f <2310 §j <12PCWP good approximation of left atrial pressure.
?-7 | \ A In mitral stenosis, PCWP > LV end diastolic pressure.
A PCWP is measured with pulmonary artery catheter (Swan

R Ll Ganz catheter).
\ %5;"{ )

Cardiac myocyte Cardiac muscle contraction is dependent on extracellular calcium, which enters the
physiology cells during platean of action potential and stimulates calcium release from the cardiac
muscle sarcoplasmic reticulum (calcium-induced calcium release).
[n contrast to skeletal muscle:
1. Cardiac muscle action potential has a plateau, which is due to Ca’t influx
2. Cardiac nodal cells spontaneously depolarize, resulting in automaticity

bl

Cardiac myocytes are electrically coupled to each other by gap junctions




Cardiac and vascular function curves
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Differences Between Skeletal and
Cardiac Muscle Physiology

Action Potential
Cardiac:Action potentials conducted fromell to cell
Skeletal action potential conductedlong length of single fiber

Rate of Action Potential Propagation
Slow in cardiac muscle because of gap junctanssmall diameter of fibers.
Faster in skeletal muscthue to larger diameter fibers.

Calcium release
Calciuminduced calcium release (CICR) in cardiac

Movement of extracellular Cathrough plasma membrane and T tubules into sarcoplasm
stimulates release of €grom sarcoplasmic reticulum

Action potential in ftubule stimulates Cdrelease from sarcoplasmic reticulum




Cardiac Muscle Contraction

A Ach(from ParaSymterminals of vagusnerve Xth eranial
nerve) =C slows HRy increasing Keonductance &
reducingGa2t+caonductance ofpacemakercells

Heart muscle:
Is stimulated by nerves and is selcitable (automaticity)
Contracts as a unit
Has a long (250 ms) absolute refractory period

pacemaker can funciton for many years without interruptidh Norepinephtine (SymnNSccelerates pacemaker
potential = increasing HR

Cardiac muscle contraction is similar to skeletal muscle

contraction
(9] (10) Action potential enters A 2 N S R 1 4
Ca?* Ca?* Na* K+ ‘E from adjacent cell ’ utonomic Crvous ystem egu ation
o ( e ATP lﬂ: Volt ted Ca?+
'olitage-ga a
(ICF channels open. Ca?+ f H R
Ryanodme Caz* \ /Na‘. enters cell. O eart ate
receptor-channel ”
I Ca?+ induces Ca?+ release Baromcerions
through ryanodine : el st
o e receptor-channels (RyR). in carotid sinus
SR Sarcoplasmic 7 >
Ca?+ reticulum Ca?+ og?l release causes . . t
o (SR) stores Ca?* spark. Cardiovascular Baroreceptors
(CV) center in arch of aorta
T-tubule Summed Ca?* sparks
o create a Ca?* signal.
Ca?* (cranial nerve X,
K Ca?+ ions bind to troponin parasympathetic) SA node
Shey to initiate contraction.
e AV node
Relaxation occurs when
a2 Ca?* unbinds from troponit
Ca“* signal =

SR

R

Ca?* is pumped back
into the sarcoplasmic

_reticulum for storage.
Ca?* is exchanged
with Na*.

iy Na* gradient is maintained
by the Na*-K*-ATPase.

— Ventricular
myocardium

Cardiac accelerator
nerves (sympathetic)

Spinal cord

Key:

Sensory neurons <€—
—>

Sympathetic trunk
ganglion
Motor neurons



Dorsal motor nucleus
of vagus

Cardioinhibitory
center

Vagus
(parasympathetic)

nerve

Cardioacceleratory
center (sympathetic) Medulla oblongata
Sympathetic
o trunk 1
ganglion

S &

Thoracic spinal cord
Sympathetic trunk

Sympathetic
cardiac
nerve

Key:

Bl Parasympathetic
fibers

Bl sympathetic
fibers

[ ] Interneurons




Autonomic innervation of theheart
A Theautonomic nervous systeis able to regulate théeartaction in the long term.
A Sympathetidibers innervate both thetria and ventricles.
A Parasympathetifibers only innervate thatria.
A Thesympatheticnerve can therefore even alter the contraction force of the chambers (inotropy).

Mefinition: Modulation of cardiac action sympatheticand/or parasympatheticerve fibers
Anim: Longterm regulation ofheartaction

ABasic terms

Chronotropy. Any influence on théeart rate.

Dromotropy: Any influence on the conductivity of cardiac tissue.

Inotropy: Any influence on the force alrdiac muscleontraction.

Lusitropy. Any influence on the rate of relaxation cdrdiac muscle.

Bathmotropy. Any influence on excitability of tHeeart muscle.

To o o o o



https://www.amboss.com/us/knowledge/Heart#xid=Up0bKS&anker=Z4e3e2c1885949b623580f92078d56c7d

Basic terms
ChronotropyAny influence on théeart rate.

Dromotropy:Any influence on the conductivity of cardiac tissue.
Inotropy:Any influence on the force aardiac muscleontraction.
Lusitropy:Any influence on the rate of relaxationadrdiac muscle.

BathmotropyAny influence on excitability of theeartmuscle.




SNS RECEPTOR TYPES AND LOCATION

What are the SNS receptor types in the following locations and what are their effects?
Heart

SA nodeJ

b.: increased pacemaker activity

AV node Bronchioles

b.: increased conduction velocity Bronchial muscle
Myocardium b2: dilates smooth muscle
b1: increased contractility Bronchial glands
Vascular smooth muscle Ui inhibits secretion

Skin and splanchnic circuits b2: stimulates secretion

U andl: constriction

Skeletal muscle and pulmonary circuits
b2: dilation

Peripheral veins




Heart Physiology: Intrinsic Conduction System

Autorhythmic c€lis:
Initiate action potentials

Have unstable resting potentials called pacemaker potentials
Use calcium influx (rather than sodium) for rising phase of the action potential

W

atrial atrial atria! ventricular »entncajcar ve;wtrlrular
cxcitation systolc diastolc cxcitation systo astole

The Heart's Electrical System
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Conduction system

Cardiac muscle cells

@ Initiation
SA node initiates action
potential.

Zal Nodal cell

@ Spread of action potential
An action potential is
propagated throughout the

atria, the conduction system.

@ The action potential
initiated in the conduction Action
potential

@ Muscle contraction

Cardiac
system is propagated muscle cell
across the sarcolemma

of cardiac muscle cells.

Thin filaments slide
past thick filaments
and sacromeres
shorten within cardiac
muscle cells.

Sarcomeres shorten.

(b)




PACEMAKERS (in order of their inherent rhythm)

x Sinoatrial (SA) node

x Atrio-ventricular (AV,
node

x Bundle of His
x Bundle branches

x Purkinje fibers

The autorhythmic cells are concentrated in the
following areas.

AThe sinoatrial (SA) node, located in the upper wall
of the right atrium, initiates the cardiac cycle by
generating an action potential that spreads through
both atria through the gap junctions of the cardiac
muscle fibers.

AThe atrioventricular (AV) node, located near the
lower region of the interatrial septum, receives the
action potential generated by the SA node. A slight
delay of the electrical transmission occurs here,
allowing the atria to fully contract before the action
potential is passed on to the ventricles.

AThe atrioventricular (AV) bundle (bundle of His)
receives the action potential from the AV node and
transmits the impulse to the ventricles by way of the
right and left bundle branches. Except for the AV
bundle, which provides the only electrical connection,
the atria are electrically insulated from the ventricles.

AThe Purkinje fibers are large-diameter fibers that
conduct the action potential from the interventricular
septum, down to the apex, and then upward through

|

Superior
vena cava

Right atrum

Sinoatrial node Left atrium

(pacemaker)

Atrioventricular
node

Atrioventricular
bundle
(bundle of His)

Interventricular
septum

Purkinje
fibers

Bundle
branches

the ventricles. B Purkln]e fibers , ‘ ';.-? .
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Cardiac Conduction System

Sinoatrial

(SA) node /\

Atrioventricular
(AV) node

Left atrium

Atrioventricular node

A-V bu_ndle.
;

Bundle branche’
}

Purkinje ﬁbers.

‘ bundle branches

Ventricular syncytiu |
& Purkinje ' 7
fibers Apex

Atrioventricular
(AV) bundle

Hole's Human Anatomy and Physiology, Tth edition, by Shier,

et al. copyright (£)1996 TM Higher Education Group, Inc.

Left and right

— Left Ventricle

Seqguence of excitation

1.

sinoatrial (SA) node
spreads to both atria

90- 100 action
potentials per minute

atrioventricular (AV)
node

40-50 action potentials
per minute

atrioventricular (AV)
bundle (bundle of His)

20-40 action potentials
per minute

right & left bundle
branches

in the interventricular
septum

Purkinje fibers
conduction myofibers



The firing of the SA 5
node sets off a chain
reaction in cardiac
conduction.

Bachmann's bundie
SA node

internodal tract

m FPostenor (Thorel's)

= Middle (Wenckebach's)
m Anterior

AV node
Bundle of His
Right bundle branch

Left bundle branch

Purkinje fibers




Impulse Conduction through the Heart

SA node

STEP 1:
SA node activity and atrial
activation begin.

Time =0

W

STEP 2:

Stimulus spreads across the
atrial surfaces and reaches the
AV node.

Elapsed time = 50 msec

STEP 4:

The impulse travels along the
interventricular septum within
the AV bundle and the bundie
branches to the Purkinje fibers
and, via the moderator band, to
the papillary muscles of the
right ventricle.

Elapsed time = 175 msec

STEP 3:

There is a 100-msec delay at
the AV node. Atrial contraction
begins.

Elapsed time = 150 msec

STEP S:

The impulse is distributed by
Purkinje fibers and relayed
throughout the ventricular
myocardium. Atrial contraction
is completed, and ventricular
contraction begins.

Elapsed time = 225 msec

Bundle
branches —l
AV Moderator
bundle band

Purkinje fibers



../Figure20_13.swf

Heart Excitation Related to ECG

SA node generates impulse; Impulse delayed Impulse passes to Ventricular excitation
atrial excitation begins at AV node heart apex; ventricular complete
excitation begins

Bundle
branches




Depolarization of SA Node

X SA node no stable resting membrane
potential

Sinus
node »

x Pacemaker potential

x gradual depolarizatiofrom -60 mV, slow influx of
Na

Atrial
muscle )

x Action potential
x occurs at threshold 6#0 mV
x depolarizing phase to 0 mV | ey,
x fast C&* channels open, (€&n) Putine
x repolarizing phase ‘ |
x Kf channels open, (tout)

x at-60 mV Kchannels close, pacemaker potential sta
over

Common
binde > —

Vertricular
muscle

X Each depolarization creates one heartbee
X SA node at rest fires at 0.8 sec, about 75 bpm

|

|

I

| I 1 I 1 | |
Time[ms]0 100 200 300 400 S00 600 700




mV)

Membrane potential (

Pacemaker and Action Potentials of the Heart

CaZ+
channels

Ca®* channels close:
K* channels open

Ca2+

permeability eion

K* perme- potential

ability

Slow depolarization:

K* channels close; Pacemaker potential

slow Na* channels

opening (Na* enters) Threshold —
>

Time (ms)

Occurs in the SA and AV nodes. Key differences from the ventricular action potential include:

Phase 0 = upstroke—opening of voltage-gated Ca®* channels. Fast voltage-gated Na* channels are
permanently inactivated because of the less negative resting potential of these cells. Results in a slow
conduction velocity that is used by the AV node to prolong transmission from the atria to ventricles.

Phases 1 and 2 are absent.

Phase 3 = repolarization—inactivation of the Ca’* channels and 1 activation of K* channels - 1
K efflux.

Phase 4 = slow spontaneous diastolic depolarization due to I (“funny current”). I channels
responsible for a slow, mixed Na*/K" inward current; different from Iy, in phase 0 of ventricular
action potential. Accounts for automaticity of SA and AV nodes. The slope of phase 4 in the SA
node determines HR. ACh/adenosine 4 the rate of diastolic depolarization and + HR, while

catecholamines f depolarization and I HR. Sympathetic stimulation f the chance that I; channels
are open and thus t HR.

F'I'-a-s.:e 0

. 1 [

I,
Phase 3

Millnolts

AMa™ and K7
=830 1




Pacemaker Function

mbrane
tentia

D
_—

Threshold

~

mbrane
otential

=5
~

Threshold

-~

mbrang
otential

=53
=

-
=

a)

=

B)

—

+ =20
e o
B =

—=20 11—

(spontanecus
depolarization)

Prepotential

Heart rate: 7S bpm

Normal (resting)

0.8

3y £2 <) 2.4

—&S0

|

Parasympathetic stimmulation

Heart l"ate:l 40 bpm

Hyperpolarization

e
A

Slower depola’rization

O.8

7.6 > a

+—20
e O
=

—30

Threshoid

~

<)

—S0

t Reduced repolarization

Sympathetic stimulation

Heart rate:- 120 bpm

More rapid depolarization—

o.8

1.6 2.4
Time (sec) S
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Ca?* -
Nodal cell oy Na*
.
P ‘ . S )
% RMP=760mV T
-~ =
. ’ B 10
% ) @ Reaching threshold
Cytosol : PSSy () Slow voltage-gated Na*
g @ = ¥ . channels open. Inflow of Na*
— T E 710 — changes membrane potential
= ) from i 60 mV to i 40 mV.
T 20 - —Action
€ Threshold potential @ Depolarization
Slow *g_ 730 — voltage Fast voltage-gated Ca2*
| channels open. Inflow of Ca?*
voltage-gated  Voltage-gated % 140 —f---mmmm o T changes membrane potential
Nat* channel K* channel :_.é n— from 7 40 mV to just above O mV.
(]
Cytosol Z .60 - ng:r:?izll(er @ Repolarization

Fast voltage-gated Ca?*
i70 4 channels close. Voltage-gated

I K* channels open allowing K*
Rscsssasas

OO outflow. Membrane potential
Interstitial
fll}iedSI 1 | T T T T returns to RMP 160 mV, and
0 0.4 0.8 1.2 1.6 K* channels close.
Fast voltage-gated Time (seconds)

Ca?* channel

@ (b)




PHASE
Mechanical Response 0= Ras)id Depolarization (inward N&

| current
> 1 =0Overshoot
§ 0 2 5"“--‘I3Iateau (inward Cda* current)
-
ey
z
= ol
S 2 | 3 = Repolarization (outward K*
=~ ‘current)
:
m . .
5 90 4 4 = Resting Potential
>
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Myocardial action potential

Also occurs in bundle of His and Purkinje fibers.
Phase 0 = rapid upstroke and depolarization—voltage-gated Na® channels open.

Phase 1 = initial repolarization—inactivation of voltage-gated Na* channels. Voltage-gated K*

channels begin to open.

Phase 2 = plateau—Ca”* influx through voltage-gated Ca®* channels balances K* efflux. Ca®*

B . ? : R .
mﬂux ’rrlggers CE'I._+ TC]CEI.SC from sarcoplasnuc TCtICLllLlH] and ll'lj.'DC}'tE contraction.

Phase 3 = rapid repolarization—massive K* efflux due to opening of voltage-gated slow K*
channels and closure of voltage-gated Ca®* channels.

Phase 4 = resting potential —high K permeability through K* channels.

In contrast to skeletal muscle:

" ; . . . Ta s

* Cardiac muscle action potential has a plateau, which is due to Ca=* influx and K* efflux.
- - - Te - - . 3

* Cardiac muscle contraction requires Ca** influx from ECF to induce Ca~* release from

. R 74 . K
sarcoplasmic reticulum (Ca“"-induced Ca“" release).
* Cardiac myocytes are electrically coupled to each other by gap junctions.

\

Phase 1
Phase 2 (Igz & Ix)

.
.

Phase 3 (Ix)

-85 mV ——

N
Extracellular

Membrane

Intracellular

Effective refractory period (ERP)
Phase 4 (dominated by ly)

+ 2+
a Ca Na+ Na+

“l;

N
K* Na*
N

pump |exchanger

CaZ+

Y
CaZ+

il

“Leak” currents
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Cardiac action potential.

Describe what happens during each of the following phases of a
cardiac action potential:

Phase O

Upstroke: caused by a rapid transient increase in Na+ conductance
which allows an inward Na+ current to depolarize the membraNeg) (
Phase 1

Brief initial repolarization: caused by a decrease in inward Na+ curr
due to closure of voltagactivated Na+ channels

Phase 2

Plateau phase: caused by an increase in Ca2+ conductance and K-
conductance continues to increase; this phase is marked by a net
electrical balance between inward Ca€d and outward K+ currents
(IKoud




Phase 3 +40)
Repolarization: K+ conductance peaks. The Ca
conductance decreases; the electrical

balance now favors the large outward K+ currer 5
(IKoui)

Phase 4 !
Resting membrane potential: caused by an
equilibrium between outward and inward =2

lonic currents

4]
All of these channels are triggered by what?
Threshold; the moment that threshold is reache
the sequence of cardiac conductance
IS set In motion.

il

sl
What determines the peak of the cardiac action
potential? ~1H - i
Conductance to Na+




Cardiac Membrane Potential

10.0 TS Na* permeability (inward flux)
Action = Ca2* permeability (inward flux)
i o
__ 20 e © K* permeability
E Plateau £ (outward flux)
l; 0 Tension A a
= development 4
g —20 (contraction) | 5 £ 10
= 5 ;
e —40 ® £
o & o
€ —60 = =
g Absolute D
refractory c
5 period 0.1
' N—
0 150 300 0 150 300
Time (ms) Time (ms)

(a) (b)



Fig. 1919
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SINGLE VENTRICULAR ACTION POTENTIAL

gl
ATRIAL ENDOCARDIAL FIBER
FIBER EPICARDIAL FIBER
p— -
1 mV
ECG JP\ \

QS \ Repolarlzatlon of ventricles
“SDepolarization of ventricles
Depolarization of atria




The Action Potential in Skeletal and Cardiac Muscle

voltage -regulated (fast)
sodium channels

+30
O
mVv
-85
Tension
STEP 1: Rapid STEP 2: The Plateau STEP 3: Repolarization l
D-epolanzatlon Cause: Ca?* entry Cause: K¥ loss
Cause: Na* entry Duration: —~175 msec Duration: 75 msec
Duration: 3—5 msec Ends with: Closure of Ends with: Closure of
Ends with: Closure of slow calcium channels | | slow potassium channels|  3g

mVy

—-90

Relative . T
refractory Tensnoln

+30
O
mv

Stimulus

\ Absolute refractory period
-90 period
1 1 :

O 100 200 300

Time (msec)
(a) Cardiac muscle

Action potential

SKELETAL
MUSCLE

Contraction

1
O 100
Tim

1 1
200 300

e {(msec)

CARDIAC
MUSCLE

Fon pot

e‘\

Contraction

1
O 100
Tim

200
e (msec)

300

Y

(b)



gl Absolute refractory period (ARP)

Effective refractory period (ERP)
+20 |- Relative refractory period (RRP)

What is the ARP?

The time during which no number of
entering impulses can initiate a new action
potential

)

_’H |

What is the ERP?
The time during which no conducted actior
potential can be produced

What is RRP?

The time during which an action potential
can be initiated, but requires a larger
T depolarizing stimulus

~l




Base the heart physiology

X Automaticity
x Excitablility

x Conductivity
x Contractility



What is cardiac excitability?
The ability of the cardiac muscle cells to conduct an action potential after being
depolarized by an inward current

Conductance of what ion determines the resting membrane potential in cardiac
muscle cells?
Like all other excitable cells, conductance to K+

What is the resting membrane potential afonpacemakeicardiac myocytes?
~90 mV, which is close to the K+ equilibrium potential

What maintains the resting membrane potential?
Na+K+-ATPase membrane protein

Again, what does it mean when a membramepolarizes?
There is an inward current that brings positive charge into the cell

What does it mean when a membrangyperpolarizeor repolarizes?
There is an outward current that removes positive charge from the cell




Cardiac Cycle
Valves Pulmonary artery

Superior g

Cardiac Cyclghe elecirical, pressuser andaiolmmnen e\ @ Right and left Atria 2

chamngeshat occur in a functional heart between

successive heart beats. N

«Phase of the cardiac cycle when myocardium iy At RN et ’

relaxed is termeddiastole. ‘ \ Antrioventicular <3

valves

oiPhase of the cardiac cycle when the myocardium
contracts Is termedsystole

)

. : Inferior
Atrial systole when atria contract. vena cava

Ventricular systolewhen ventricles contract.

Right and left
ventricles

Diastole Systole
(filling) (pumping)




Mechanical Events of the Cardiac Cycle

1. Ventricular FillgrRenad
[ventricular diastoleatrial
systole]

2. |sovolumetric Contraation
Period [ventricular systole]

3. Venitricular EieciionPPenod
[ventricular systole]

4. |sovolumetric Relaxationr2erac
[ventricular diastole]




Phases of the Cardiac Cycle

Ventricular filling¢c mid-to-late diastole Isovolumetric Ventricular

Heart blood pressure is low as blood enters atr Ll Tven
and flows into ventricles

AV valves are open, then atrial systole occurs
Ventricular systole Atrial contraction
Atria relax ”

Rising ventricular pressure results in closing
of AV valves

Isovolumetric contraction phase i

Ventricular ejection phase opens semilunar
valves

Isovolumetric relaxationc early diastole Left atrium
Ventricles relax Right atrium

Backflow of blood in aorta and pulmonary

trunk closes semilunar valves Right ventricle |
Left ventricle —

Isovolumetric relaxation

Ventricular filling

Systole

Mid-to-late Early diastole
diastole

Dicrotic notchg brief rise in aortic pressure
caused by backflow of blood rebounding off Phase | 1 2] 3 4 1
semilunar valves

Atrioventricular valves Open Closed Open

Aortic and pulmonary
(semilunar) valves Closed | | Open Closed
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Atria
contract

Ventricles
relaxed

Semilunar
valves

AV
valves

\open
=
b

=

Chambers

Atria contract
Ventricles relax

Ventricular
pressure

< Atrial pressure
< Arterial trunk pressure

Valves

AV valves open
Semilunar valves closed

relax

Ventricles
contract

EDV

Ventricles
contract

Semilunar
valves
open

Chambers

Atria relax
Ventricles contract

Chambers Atria relax

Ventricles contract
Ventricular > Atrial pressure
pressure < Arterial trunk pressure
Valves AV valves closed

Semilunar valves closed

Ventricular
pressure

> Atrial pressure
> Arterial trunk pressure

@ Atrial relaxation and ventricular filling

AV
valves

Ventricles

Valves

AV valves closed
Semilunar valves open

valves

¥ \ closed
=\
)

Semilunar

relax
Chambers Atria relax Chambers Atria relax
Ventricles relax Ventricles relax
Ventricular < Atrial pressure Ventricular > Atrial pressure
pressure < Arterial trunk pressure pressure < Arterial trunk pressure
Valves AV valves open Valves AV valves closed
Semilunar valves closed Semilunar valves closed

SV: Stroke volume
EDV: End-diastolic volume
ESV: End-systolic volume
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SIr mitral and tricuspid valve closure. Loudest at mitral area.
SZ aortic and pulmonary valvelosure.Loudesat left upper
sternal border.

S3 in early diastole during rapid ventricular filling phase.
Associated witHfilling pressuresdg, mitral regurgitation, HF) and
more common in dilated ventricles (but can be normal in childre
young adults, and pregnant women).

SaAy f10S RAFaAG2ES o6&l GNRI
in left lateral decubitus position. High atrial pressure. Associatec
with

ventricular noncompliancee@, hypertrophy).

Left atrium must push against stiff LV wall.

Consider abnormal, regardless of patient age.

Jugular venous pulse (JVP):
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A awavet atrial contraction. Absent in atrial

A fibrillation (AF).

A cwavet RVcontraction (closed tricuspid valve

A bulging into atrium).

A x descent downward displacement of closed

A tricuspid valve during rapid ventricular ejection phase. Reduce
or absent in tricuspid regurgitation and right HF because pres
gradients are reduced.

Avwaver right atrial pressure due to filling\dllingé 0 |
closed tricuspidvalve.

Ay descent RA empying into RV. Prominent

In constrictive pericarditis, absent in cardiac tamponade.

Al



Pressure-volume loops and cardiac cycle The black loop represents normal cardiac

0 physiology.
t Contractility t Afterload
tsv 1 Aortic pressure
1209 tgr 15y P Phases—left ventricle:
= Iy 2 1ESV @ sovolumetric contraction— period
E 100 o, . between mitral valve closing and aortic
- ‘3‘;[1:': valve opening; period of highest O,
= 804 closes consumption
= @ Systolic ejection—period between aortic
5 Stlmke t Preload valve opening and closing
S 601 DV, tsy i ~ i
= (EDV-ESV) € [sovolumetric relaxation—period between
aortic valve closing and mitral valve
g _ tic valve closing and mitral val
T 404 Mitral opening
valve @ Rapid flling—period just after mitral
20- valve opening

© Reduced filling—period just before mitral

T ' ' valve closing




Control of mean arterial pressure

. T sympathetic activity
/ (heart and vasculature)
Medullary vasomotor B (T heartrate, T contractility)— T CO
center senses | a1 (venoconstriction: T venous return)—T CO
baroreceptor firing a4 (arteriolar vasoconstriction)— T TPR

| MAP

JGA senses | MAP

(effective circulating volume) _ _ o
Angiotensin |l (vasoconstriction)— T TPR

Aldosterone (T blood volume)—T CO

\ T renin-angiotensin system
(kidneys)




What is Cardiac Index ?

It is cardiac output per minute per square meter of body surface area.
Normal Cardiac Index = 3.2 Liter /min/ sq meter body surface area.

What i1s Cardiac Reserve ?

It is the difference between cardiac output at rest and maximum volume of blood that
can pump per minute.




Preload and Afterload

(a) Preload {(b) Afterioad



Ejection fraction (ER}¥ the percentage of ventricular end diastolic volume (EDV) which is
ejected with each stroke.

SV (EDVi ESV)

EF = X 100
EDV
75
X 100 = 62.5%
120

A Normal ejection fraction is about 6Q 65 %.

A E'Iection fraction is good iIndex of ventricular function.




Cardiac output (CO) Cardiac output (CO) = (stroke volume) x (heartrate).  During exercise, CO T

=5L Fick principle: initially as a result of an

Tin SV, Aft | |
rate of O, consumption i €T prolongec

CO= : exercise, CO T as a result
arterial O, content = venous O, content _
ot ‘o ofan Tin HR.
Mean arterial _ (C':Il‘[ll'cl(:) y (tD’&I] lljt‘i‘l‘ll}llﬁl‘hll) IFHR is too high, diastolic
pressure output resistance filling is incomplete and CO

Lo c.g., ventricular
tachycardia).
MAP =% diastolic pressure + % systolic pressure.
Pulse pressure = systolic pressure — diastolic pressure.
Pulse pressure is proportion to stroke volume.
~CO

SV TR - EDV - ESV




Cardiac Output (CO) and Reserve

x CO is the amount of blood pumped by each

ventricle in one minute SV is the amount of blood pumped out by a ventricle with each beat
CO is the product of heart rate (HR) and stroke SV = EDVESV

volume (S\} Stroke volume is determined by thr  EDV = amount of blood collected in a ventricle during
factors: diastolelt is about 12@; 130 ml.

ESV = amount of blood remaining in a ventricle after

contraction. It is about 50 to 60 ml
Preload

Afterload Ejection Fraction (EB Stroke Volume / End Diastolic Volume

Example of Cardiac Output
CO (ml/min)= HR (75 beats/min) x SV (70 ml/beat)

CO =

Contractility

X HR is the number of heart beats per minute . . : : .
CO increases during exercisend depending on exercise, it can

x SV is the amount of blood pumped out by a increase ta20¢25 liters/min [up to 35 liters/min is recorded in trained
ventricle with each beat athlete during heavy exercise].

U How ?

- By increasing stroke volume and heart rate.

x Cardiac reserve is the difference between restir
and maximal CO




Factors Affecting Cardiac Output

OUTPUT

Autonomic End-diastolic End-systolic
innervation Homiones volume volume
el HH
e HEART i -" STROKE
L RATE i ) VOLUME
b SRt ! ‘
CARDIAC

Stroke volume can be increased by TWO
mechanism:

1. INTRINSIC CONTRMly increasing venous
return to the heart

2. EXTRINSIC CONTIR@ue to the sympathetic
stimulation of the heart




Effect of Autonomic Nervous System on Heart

Area Affected Effect of Parasympathetic Stimulation Effect of Sympathetic Stimulation

SA Node Decreases the rate of depolarization to Increases the rate of depolarization to thresh-
threshold; decreases the heart rate old; increases the heart rate

AV Node Decreases excitability; increases the AV Increases excitability; decreases the AV nodal
nodal delay delay

Ventricular Conduction No effect Increases excitability; hastens conduction

Pathway through the bundle of His and Purkinje cells

Atrial Muscle Decreases contractility; weakens contraction Increases contractility; strengthens contraction

Ventricular Muscle No effect Increases contractility; strengthens contraction

SYMPATHETI regulates the action potential frequency of the SA node.
C Regulates vasoconstriction.
C Regulatesyenomotortone.

C Stimulate the secretion of epinephrine and renin.




Factors Affecting:Stroke . Qutput

Preload- amount ventricles are stretched by contained blood

Contractility - cardiac cell contractile force due to factors other than EDV
Increase in contractility comes from:

I Increased sympathetic stimuli
I Certain hormones
T

Ca2+ and some drugs SV = end diastolic volume (EDV) minus end systolic volume (ESV)
Agents/factorsthat dlecrease canirattility: EDV = amount of blood collet_:tgd ina ventrlc_:le during dlastole_
Acidos ESV = amount of blood remaining in a ventricle after contraction
ClIdOoSIS

Increased extracellular K+

1
1
1 Calcium channel blockers

Afterload -back pressure exerted by blood in the large arteries leaving the heart

FramikStatling lawof theiHeart

Preload, orddegree ditstretchy fafacardiacumuiscle| celisdhefore/they: cantradids the dritical factar«contrellimg:stroke
volume

Slow heartbeat and exercise increase venous return to the heart, increasing SV

%



FrankStarling Law of the Heart

Preload, or degree of stretch, of cardiac muscle cells before they Mechani t Cardiac L Tensi
contract is the criticalactor comtrolling streikewolume echanism of Cardiac LengthiTension

Relationship
SEDVIleadsdastretch of myocardial . o _
Lpreload- > Sstretch of muscle > Sforce of coniraction->4Sy > When there is increase in the length of

Unlike skeletal fibers, cardiac fibers contract MORE FORCEFL&EW‘"‘.C muscle fibel_rdt_o thefoptti_mal Igngtk
when stretched thus ejecting MORE BLOGSM) ere Ismaximum sliding or actin an

If SV is increased, then ESV is decreased!! myosin and we get maximum co.ntractlon
o A Preload, or degree of stretch, of cardiac muscls
Slow heartbeat and exercise increase venous return (VR) to thecells before they contract is the critical factor

heart, increasing SV controlling stroke volume
VR changes in response to blood volume, skeletal muscle A s|ow heartbeat and exercise increase venous
activity, alterations in cardiac output return to the heart, increasing SV
FVR-> SEDYVzand®in VR-> ®in BDV A Blood loss and extremely rapid heartbeat
Any ®in BDV-> ®in SY decrease SV

Blood loss and extremely rapid heartbeat decrease SV




4 BLOOD PRESSURE

’ PERIPHERAL RESISTANCE

‘Vas.oconstricti:}n
tADH
tRenin/ Angiotensin/ Aldosterone
tSympathetic stimulation of
al receptrors (blood vessels)
Bl receptors (kidney glomerular cells)
Autoregulatory mechanisms
tvascular reactivity
Nitric oxide
ood viscosity
ood vessel elasticity

’ CARDIAC OUTPUT

‘Bloo-d volume
tSodium intake
Osmortic effect on water retention
tOsmolality causes thirst
fOsmolality stimulates ADH secretion
tAldosterone
$ANF
tADH
twarer intake
tWater output
Sympathetic stimulation
ympathetic stimulation
Starling's Law

Blood pressure is the
force exerted on a blood
vessel wall by the blood.

Blood must circulate
through the body and
organs to maintain life

The Heart is the pump
that circulates the blood

Pressure difference in the
vascular system ensures
that blood flows around
the body




LOCATION AND EFFECTS OF STIMULATION OF ADRENERGIC

RECEPTORS

ALPHA-1 RECEPTORS

Arterioles and Veins:
constriction {epinephrine and
norepinephrine)

Glands:

ALPHA-2 RECEPTORS

CINS Postsynaptic Terminals:
L sympathetic outflow from
brain

CNS Presynaptic Terminals:

1 secretions norepinephrine release

Eye: Beta Islet Cells of Pancreas:
constriction of radial muscle l secretion

Intestine:

1l motility

BETA-1 RECEPTORS BETA-2 RECEPTORS

Heart: Trachea and Bronchioles:

T heart rate (SA node)
T contractility

T conduction velocity
T automaticity

Kidney:
T renin secretion

dilation

Pregnant/monpregnant
Uterus:

relaxation

Arterioles (no beta-2 receptors
in skin or brain):
dilation (epinephrine)




Factors Affecting Stroke Volume

Increased by
sympathetic stimulation
Increased by E, NE Decreased by Preload¢ amount ventricles are
glucagon, parasympathetic stretched by contained blood
thyroid hormones stimulation N _
X V7 Contractility ¢ cardiac cell
Contractilty of contractile force due to factors
venous retum (VR [ | Fillina time muscle cells other than EDV
H;lR r= 4UED\(,V ) ;IF? =l A Eg,n ACont=AESV || Increasedby | | Decreased by
fina VET = YEDV ¥Cont=YESV || vasoconstriction | | vasodilation | || Afterload ¢ back pressure exerted
il 31 {} \ 7/ by blood in the large arteries leavin
\ﬁ ﬁ/ _ Afterload the heart
End-diastolic Er;d-sysgsh\(/:) <: AAL = AESV
volume (EDV) i YAL= Y ESV
STROKE VOLUME (SV)
AEDV=4SV AESV=Y¥SV




A Simple Model of Stroke Volume

End-diastolic — - - -
volume (EDV)

R ATy
= 4 — — =
T AN B\ & o %4 4
A N Y -—
- ! —

Stroke volume

- - - End-systolic
volume (ESV)
(d)



Stroke volume (volume of blood ejected per heartbeat)

(3) Afterload
(resistance in arteries)

Venous return
(volume of blood
returned to the
heart)

Ventricles

Inotropic agents
contract

(external agents that
alter contractility)

End-diastolic volume (EDV) End-systolic volume (ESV)

EDV — SV
130 mL — 70 mL

ESV
60 mL




Cardiac output Stroke Volume aftected by Contractility, Afterload, SV CAP.

variables and Preload. T SV when T preload, | afterload,
or T contractility.
Contractility (and SV) T with: SV T in anxiety, exercise,
1. Catecholamines (T activity of Ca%* pump and pregnancy.
in sarcoplasmic reticulum) A failing heart has | SV.
2. T intracellular calcium Myocardial O, demand is T by:
3. | extracellular sodium 1. T afterload (o<
4. Digitalis (T intracellular Na*, resulting arterial pressure)
in T Ca®") 2. T contractility
Contractility (and SV) I with: 3. T heart rate
1. B, blockade 4. T heart size (T wall
2. Heart tailure tension)
3. Acidosis
4. Hypoxia/hypercapnea
5. Non-dihydropyridine Ca?* channel blockers

Preload and Preload = ventricular EDV. Preload T with exercise
afterload Afterload = mean arterial pressure (proportional to (slightly), T blood volume
peripheral resistance). (overtranstusion), and
Venodilators (e.g., nitroglycerin) | preload. excitement (sympathetics).

Vasodilators (e.g., hydralazine) | afterload. Preload pumps up the heart.



Baroreceptors and chemoreceptors

: ptors:
g:ﬁ"d ptor 1. Aortic arch transmits via vagus nerve to medulla (responds only to T BP)
@Tﬁ 2. Carotid sinus transmits via glossopharyngeal nerve to solitary nucleus of medulla
—Carotid (responds to 4 and T in BP).
g:r&ﬁd :’?\d" Baroreceptors:
chemo-
receptor) 1. Hypotension—{ arterial pressure — { stretch — | afferent baroreceptor firing —

T efferent sympathetic firing and | efferent parasympathetic stimulation —
vasoconstriction, T HR, T contractility, T BP. Important in the response to severe
hemorrhage.

2. Carotid massage — T pressure on carotid artery — T stretch — T afferent
baroreceptor firing — 4 HR.

Chemoreceptors:

1. Peripheral —carotid and aortic bodies respond to 4 P, (< 60 mmHg), T Pco,,
and 4 pH of blood.

2. Central —respond to changes in pH and PCO, of brain interstitial fluid, which in
turn are influenced by arterial CO,. Do not directly respond to PO,. Responsible
for Cushing reaction— T intracranial pressure constricts arterioles — cerebral
ischemia — hypertension (sympathetic response) — reflex bradycardia. Note:
Cushing triad = hypertension, bradycardia, respiratory depression.




