Intercalated
Cardiovascular System disks  Myocardial muscle cell

* function is impacted by endocrine system, nervous system, and kidneys
Ventral(front); dorsal(back)
* semilunar valves=between ventricles and arteries—all valves are one way

Cardiac Muscle Structure
* involuntary striated—able to see lines because sarcomeres are organized

* individual cells each have their own nucleus unlike multinucleated skeletal muscle \‘&\%& > &

Intercalated Discs SPEL?\} s\:’mwm o

. . . . . . . Desmosome it cardi le fibe
* combination of gap junctions and desmosomes at cell junctions between cardiac muscle 4 s

cells that allow heart to contract in unison ‘ \ /
° Desmosomes—structure of proteins that brings the cell together; prevent the cell \ .
from tearing apart during contraction ) -

° Gap Junction—allows for flow of ions between cells
> there are gap junctions b/t cells in our atria and gap
junctions b/t cells in our ventricles but no gap junctions
between atria and ventricles(they are separated)

Gap junction Action potential
* arteries—> capillary—> blood vessel—> capillary—> veins(portal system—connect capillary beds) ettt i

* blood sent to all organs in parallel, can be simplified in a circuit
Pulmonary Circuit

* Left AV valve opens when A(atrial) pressure> V(ventricular) pressure

—| Pulmonary

Systemic Circuit
* Right AV valve opens when A pressure> V pressure

Semilunar valves open when ventricular pressure is higher than aortic/pulmonary pressures

Atrioventricular node

Heart contracts to apply a force that allows blood to go through the entire body and come Bundle of His
back(systolic bp)
* Systolic bp or pressure in mmHg in aorta~120-180mmHg

Sinoatrial
node

Systemic

* Blood coming back to atria has almost no pressure (0-10mmHg)

Systolic bp—force heart exerts on walls of arteries each time it beats
. . . . branch
Diastolic bp—force heart exerts on walls of arteries in between beats

Atrial excitation Ventricular excitation Ventricular relaxation
L . 1

I ' SA node—pacemaker
Begins Complete Begins Complete P

* 70blm(100bmp w/o parasympathetic system) T
* AV node(r-bpm) and Purkinje Fibers(25-40bpm) can act as pacemakers under some

Atrial
relaxation

conditions
AV node
* routes direction of electrical signals so heart contracts from apex to base
* AV node delay—slower conductional signals through nodal cells

SA node—pacemaker, initiates each wave of excitation w/ atrial contraction

* bundle of His and other parts of conducting system deliver excitation to apex of heart so ventricular contraction occurs in an upward sweep

Electrical Activity of Heart

Cardiomyocytes—99%, striated muscle, produce contractions

Conduction System—1%; electrically excitable, do not have organized sarcomeres, job to independently fire AP and set rhythm of the heart
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o - ) 92+ ;
> once L-type Ca2+ channels inactivate traditional VG K+ channels depolarize cell L ]
S Plateau } Peg, L
E 0Of phase of { Py (ordinary
Comparing Skeletal and Cardiac Muscles = L action voltage-gated)
. . . . . . z otential
Skeletal: AP—> latency period( time b/t action potential and onset of contraction)—> muscle twitch 5 L 5
o -
* latency period caused by excitation contraction coupling—> transmit AP to muscle, have to propagate down T- = | 2 :5
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tubules and allow Ca2+ release(electrical events—> Ca2+ release—> contraction) g L £ =
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Cardiac: AP—> Ca2+ come in from L-type Ca2+ channels and SR —> muscle contracts in presence of Ca2+ 1 | 2 73
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(a) Cardiac muscle fiber: The refractory period (b) Long refractory period in a cardiac ¥
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T x <— Refractory period —> Time (msec)
i i Cardiac Muscle—AP refractory period lasts almost as long as the entire muscle twitch
° long refractory period prevents tetanus
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R - - Skeletal Muscle—short refractory period compared to amount of time required to complete a full muscle twitch
s ——Tmo mssc)—> Timo msec)———> ° skeletal muscles that are stimulated repeatedly will exhibit summation and tetanus
Skeltal Muscle
(c) Skeletal muscle fast-twitch fiber: The refractory (d) Skeletal muscles that are stimulated .
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Blood Flow due to differences in pressure
* asblood flows through blood vessels pressure goes down be of constant friction against walls of blood vessels
* absolute pressure is irrelevant, liquid will flow through a tube if there is a positive pressure gradient

R 8L * flow rate= vol/min while velocity=distance/min
wt et * velocity as a fan of cross sectional area—velocity of flow through the capillary bends is slow be their total cross sectional area is larger, capillaries
* L=lengtl .
+ n=blood viscosity, have the lowest velocity
ANS * r=radius
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Blood Pressure
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MAP=COx PR=2/3DP + 1/3 SP

) ) , ' Aol Pressune L lo ~260wS
° baroreceptors monitor arterial pressure to ensure adequate perfusion of the brain and heart Yo © 5 Preseuve 0 \dood. \eoses . Jurin diosioe.
° arterioles=most important vessel for regulation of peripheral resistance and thus MAP blood- leauing ventride in oofic. %— ~9
P! g perip olerolic P— Pressuve of
* pulses pressure=systolic P-diastolic P * RV * TPR o "‘“‘*}"CL':lm
* ventricles produce driving force for blood flow HAP= "“{o_) 1"'%\{:;": be
o resi i condiot ) q FObpea (70wl )= 4T Lt
resistance to flow r.egulated by local and reflex control r.nechamsms. . ¢ L’M&‘:\":" A Mok \enss Uasr T Wwatn v 70w D) ;o 25Lin
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a, b, and ¢ are pacemaker potentials:

s
Parasympathetic Sympathetic neurons if« a= control o )
neurons (ACh) (NE) K] b= dur_lng sympathetic stl_mul_atlon )
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preload—myocardial stretch before contraction. represents load on the heart, depends on EDV
° more blood more muscle fibers stretch allowing them to generate more force

Force developed
during contraction

afterload—combined load of EDV and atrial resistance during ventricle contraction

* change sympathetic input to ventricles—affects contractility of ventricles Time



. Sympathetic
Frank-Starling Law stimulation

. . . . . 200
* strength of ventricular contraction depends directly on the end of diastolic volume(stretch) 3 —
> EDV—determined by venous return < conrectilty
> affected by—> skeletal muscle pump, respiratory pump, sympathetic innervation of veins 5
Y p p> P yp p, symp: R —— Control
. . . . . >
* relates to how much the myocardium is stretched by incoming blood—> larger stretch=more forceful conrtaction=larger SV o SRS o
° increased contractility causes an increased ejection fraction & i resting
1
I 1 1 I L 1 1 L
. .1s 0 100 200 300 40
Effect on Sympathetic System on Contractility Ventricular end-diastolic volume (mL)
* positive inotropic effects—> increase contractility o ILE + Skeletal
. . .. Sympemerc . muscle pump
* negative inotropic effects—> decrease contractility ) (RSO — 7
> achemical that affects contractility is an inotropic agent .
1Blood 7 Inspiration
volume movements
. )
Veins
* highly distensible, called capacitance vessels, act as blood reservoirs W
1 Venous pressure
Venous Pressure -
s
* BPin veins is ~15SmmHg, not sufficient to move blood back to heart :
1 . e l T Venous return |
) respiratory pump = 1
> pressure changes in central cavity due to the pressure changes due to breathing. this helps propel blood back to heart [ ravapresse |
2) muscular pump I ,‘
. . . . T End-djas!olic
° when muscle contacts they squeeze the veins. results in blood moving forward and being prevented from backflow ’ VBRI
by the veins o I !
° smooth muscle in veins is under SNS control and contract when stimulated increasing venous pressure and venous b

return o

Regulation of Blood Pressure

The Barorece ptor Reflex in Action Baro-Rﬂeceptors—localized in carotic artery and aorta =

. Blood pressure control

BR neurons project to the medullary center—> mmincludes rapid responses
: B emand sower
rvirseks)gfre fegUlat“/ monitors bP = responses by the kidneys.
) 1 - o aortic arch—when blood leaves the ventricle, first s
Firing of baroreceptorsin | . .
|} carolid ateries andaorta [J|-==----=========zssmmmomonnneaeeaaay place it exits, most accurate measure of bp. /f'.r‘“ é—'_-;
— system

° carotic artery—points at which we can measure

the amt of blood going to the brain E‘t@

Sensory neurons

Medulla—-cardiovascular center L .

> cells fire Ap proportional to wht is being sensed, Ignore Kidneys for now.

control center—compares info it receives to set Electrical Events in the EKGs

. = 4 in point activates ANS to fix changes
e [eplor Brere ',p,o, FRLE P wave Atrial cells depolarize
K v v
(M.ﬁo{y,m.. m..m.) (Vomricular mm“m] v of b\oocl PR segment Plateau of atrial muscle action
potentials a\wo vR: AN nodie deleey
FMAP QRS complex | Ventricular cells depolarize )

v
2

and atrial cells repolarize

LWW'? ST segment Plateau of ventricular muscle

action potentials
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Dicrotic Notch and Arteries as fé"m&m@ (S s
Pressure Reservoirs Aorta—elastic artery ‘ rreR ALK

tev
* when blood comes out of heart at high P, P pushes 1
walls of aorta which gets filled with blood

Ventricular Contraction Ventricular Relaxation

* once semilunar valves close aorta slowly comes back to

normal size pumping blood back to body i

0 100 200 300 400 500 600 700 800
QRS
QRS
complex |
Electro- cope
cardiogram
(ECG) S /I\ R

Contraction of the ventricles Elastic recoil in the arteries 120
pushes blood into the elastic maintains driving pressure i
arteries, causing them to stretch. during ventricular diastole. 104

Atrial excitation Ventricular excitation Ventricular relaxation 901

L | | Dicrotic notch

1T [ |
Begins Complete Begins Complete Pressure
(mm Hg)

Left
60 ventricular
A node pressure

AV node Atrial

relaxation

301 Left atrial
pressure

Heart
sounds

1351

Left
ventricular
volume (mL)

Time Time Time Time Time 551

Atrial Ventricular Ventricular Atrial

Electrocardiogram __systole systole diastole _systole |



Pressure (mmHg)

Volume (mL)
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The Cardiac Cycle
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(electrical activity)

Cycle initiates—firing of SA node —> atria depolarization(p wave)—>atrial contraction
Isovolumetric contraction—no blood is ejected, ventricular volume remains unchanged

* cardiac cycle comprises all the events involved with the blood flow through the heart during one heart beat
* systole is the contraction phase
* diastole is the relaxation phase

Steps
1) pressure rises causing the AV valves to shut and teh SL valves are still closed(isovolumetric contraction)
2) Ejection(pressure in left V> aorta)

3) pressure in left ventricles lowers below aorta—> SL valve shuts(isometric relaxation)

'tm WW\ wlk-

. foxces]
4) pressure in the ventricles follows below that of the atria—> AV opens(filling) vekricies YIRS

5) atrial contraction delivers the final blood to the ventricles
End-Diastolic Volume—volume of blood in ventricles at end of diastole
Stroke volume—amt of blood ejected from ventricles during systole

< . . .
o 60V . 1! |1 " osol contmad o End Systolic Volume—amt of blood left in ventricles at end of systole
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Heart Sound t ol
* Ausculation is listening to the heart through the chest wall through a stethoscope L
* closing of AV and semilunar valves produces sounds that can be heard through e s e stethoscope
° lub(1st sound) produced by closing of AV valves 2
)
> dub(2nd sound) produced by closing of semilunar valves 2] J .
O‘S Q
Sy S,




