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THE CARDIOVASCULAR
SYSTEM

Cardiovascular Drift

e Phenomenon occurs during running (steady exercise);
an increase in heart rate due to a reduction in stroke volume. T

HR, ¥ MAP & SV with no parallel T in effort
(workload), breathing rate, or calories burned.

« | SV is due to dehydration that accompany rise in
internal temperature.
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Drift 1s affected by factors:

- Ambient temperature (more at thermal states) ,
- Internal temperature,

- Hydration &

- Muscle mass activated.

" To promote cooling, T blood flow to the skin (more fluids from
plasma to the skin). This results in a fall in pulm. art. BP & reduced
SV .

= To keep CO at reduced BP, the HR must be raised.

Lecture Outline

Cardiovascular System Function

Functional Anatomy of the Heart

Myocardial Physiology

Cardiac Cycle

Cardiac Output Controls & Blood Pressure



Cardiac Output

 Cardiac Output: amount of blood pumped out of the
ventricle .

* The cardiac output in a resting adult 1s about 5 L per
minute but varies greatly depending on the metabolic
needs of the body. Cardiac output 1s computed by
multiplying the stroke volume by the heart rate

Cardiac Output (CO)

CO=SVXHR=70ml X72BPM = 5L
SV =EDV-ESV=120-50=70ml
EDV =120 ml
ESV =50 ml



» The heart is able to determine its own rate & rhythm.

e Stroke volume (SV) :The amount of blood ¢jected by the left
ventricle with each heartbeat .

e The average resting SV 1s about 70 mL, & CO can be
affected by changes 1n either SV or HR.

SV=EDV- ESV =120 - 50 ="70ml

» The percentage of the end-diastolic volume that 1s

ejected with each stroke 1s called the “‘Ejection
Fraction (EF %)

(EF) = 50-70%



1. Preload: Degree of stretch prior to
contraction (the amount of the ventricle at end
diastole)

2. Contractility: Increase in contractile
strength

3. Afterload: Arterial BP, resistance to
ventricular ejection

HEART HOMEOSTASIS

Homeostasis generally required:
1- sensing receptors

2- monitoring center

3- effector target

N:



HEART HOMEOSTASIS

Effect of blood pressure
» Baroreceptors monitor BP
Effect of pH, carbon dioxide, oxygen
« Chemoreceptors monitor
Effect of extracellular ion concentration
* 1 or | in extracellular K* | HR
Effect of body temperature

* HR 1 when body temperature 1,
« HR | when body temperature |.

Why is exercise good for the heart?

A trained heart is bigger!!

- pumps blood more efficiently (at a lower rate)
stroke volume increases (due to stronger
contractions, allowing for lower rate)

- other benefits: higher aerobic capacity
(contributing to efficiency)

Note that this takes training!



In order of oxygen extraction from highest
to lowest:
A. Heart > Brain > Kidney
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Cardiac Conduction

Before mechanical contraction, an action potential
travels quickly over each cell membrane and down
into each cell’s.



The Heart's Pacemaker

» The parts of the heart normally beat in an orderly sequence, as
described below.

» The heart continues to beat after all the nerves to it are
sectioned.

» Indeed, if the heart is cut into pieces, the pieces continue to beat.

» The heartbeat originates in a specialized cardiac conduction
system & spreads via this system discharge rhythmically
because of

Three physiologic features of two specialized electrical
cells, the Nodal cells & the Purkinje cells, provide
this synchronization:

« Automaticity: ability to initiate an electrical
impulse

 Excitability: ability to respond to an electrical
impulse

« Conductivity: ability to transmit an electrical
impulse from one cell to another



* Contractility:
Also referred to as rhythmicity, 1s the
ability of cardiac cells to shorten and
cause cardiac muscle contraction in

response to an electrical stimulus.

f". ; a

i ,ﬁ * Primary cardiac cell characterstcs

Characteristic Location Function
Automaticity oA node, AV junction, Purkinje network fibers Hectrical
Ficitablty Al cardlac cell Hectrcal
Conductity Allcardiac cell Hlpctrcal
Contractilty Myocardial muscle cells Mechanical




Intrinsic Conduction System

* Nodes are heart tissue that stimulate heart muscle to
depolarize (contract)

* Depolarization moves from base to apex

» Different areas of the heart have different nodes, each with
a different rate

* Node rate gets slower as it moves downwards

e Faster nodes will override slower nodes

Intrinsic conduction of the Heart

Sinoatrial {SA) N-::::I-e\ . L S ) =
Atrioventricular (AV) Node Bundle of His

L=ft Bundle Branch
Right Bundle Branch

=1k

FPurkinje Fibraes

All conduction fibers connected to muscle fibers through gap junctions
_ in the intercalated discs
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Resting Membrane Potential

 All living cells (whether animal or plant cells) exhibit
potential difference across their plasma membranes

» When microelectrodes are inserted into these cells where
the membrane interior 1s negative in relation to the
membrane exterior.

the membrane.

e This 1s called resting membrane potential (RMP).
* Its due to uneven distribution of ions inside and outside



Resting Membrane Potential

Action Potential
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Mechanism of Autorhythmicity «:

Autorythmic cells do not have
stable resting membrane
potential (RMP)

Natural leakiness to Na & Ca
— spontaneous & gradual
depolarization

Unstable resting membrane
potential (= pacemaker
potential)

Gradual depolarization
reaches threshold (-40 mv) —
spontaneous AP generation

Action Potential

— Rapid depolarization followed by
— Rapid, partial early repolarization

Threshold for

— Sinus
nodal fiber

w— Yfaritricular
muscle fiber
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— Prolonged period of slow repolarization

which 1s plateau phase and
— Rapid final repolarization phase



Action potential in contractile fibers 4:

© Plateau (maintained depolarization) due to
Ca?* inflow when voltage-gated slow Ca?*

+201 channels open and some K* channels close
0 e
=20 o Repolarization due to K* outflow when
Kl voltage-gated K* channels open
—-40 - o Rapid depolarization due to

polential, mv) Na* inflow when voltage-gated

—-80 fast Na* channels open
-
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Refractory period
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Action Potential

+40- PHASE 1
P Rapid repolarization
+20 —PHASE 2 Plateau
U,_

Potential —20+ — PHASE 0
(M) a0 e S PHASE 3

_%p- depolanzatian Final repolarization

—80+ —PHASE 4 Resting

—100

Ca"™" K*

Autorythmic Cells (Pacemaker Cells)

Characteristics of Pacemaker Cells AT
20— — -
<«—Ca?* channels close,
K* channels open

0 — —
. Lots of Ca2*
E channels
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T -20— —
e
c
]
o
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E . Some Ca?*
.E channels open,
S g0 | I channels close f¢ channels
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Pacemaker Action open "
potential potential K™ channels close
e g Time > Time >

(a) The pacemaker potential
gradually becomes less negative
until it reaches threshold,
triggering an action potential.

(b) lon movements during an action
and pacemaker potential

(c) State of various ion channels



MYOCARDIAL PHYSIOLOGY: (CONTRACTILE CELLS) "
Skeletal Action Potential vs Contractile Myocardial
Action Potential

SKELETAL MUSCLE CARDIAC MUSCLE
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« Chemoreceptors are chemical receptors located peripherally
& centrally monitor the blood pO,, pCO, & pH, and respond
immediately to alterations in these levels by causing reflex
changes in respiratory rate & arterial pressure, in order to
restore to normal.

¢ 10,2, pH, & 7CO: stimulate chemoreceptors to send impulses
to medulla oblongata & brain to stimulate SNS that act to 1
COP, HR, SV & cause vasoconstriction, & vise versa.

|

The Bainbridge reflex

» The Bainbridge reflex (atrial reflex): is an increase in HR
due to an increase in central venous pressure.

Increased blood volume is detected by stretch receptors
(located in both atria at the venoatrial junctions), which leads
to increased firing of B-fibers; B-fibers send signals to the
brain (the afferent pathway of the neural portion of the
Bainbridge reflex),

which then modulates both SNS & PSNS pathways to the
SAN.



Cardiac Reserve

e CO 1s the amount of blood pumped by each ventricle
in one minute Bd vol/Min

e CO 1s the product of heart rate (HR) and stroke
volume (SV) CO=HR x SV

 Cardiac reserve is the difference between resting &
maximal CO

reserve = Maximal CO — Resting CO

Blood Vessels

-A network of tubes

—Arteries = arterioles move away from the heart
Elastic Fibers
*Circular Smooth Muscle

—Capillaries — where gas exchange takes place.
*One cell thick
*Serves the Respiratory System

—Veins = Venules moves towards the heart
*Skeletal Muscles contract to force blood back from legs
*One way valves
*When they break - varicose veins form



One-way Venous Valves

To heart To heart
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Valve

i4 —Endothelium of — %
iy tunica interna

490 Connective tissue L&
' (elastic and -
|collagenous fibers)

——Tunica media—

Tunica externa

Three Kinds of Capillaries

« Continuous- lung, smooth muscle,
connective tissues

 Fenestrated- kidney, small intestine, brain

* Sinusoids- liver red bone marrow, spleen
and endocrine glands



Vascular Physiology

1. Blood flow: Volume per unit time
2. Blood pressure: Force per unit area

3. Resistance: Opposition to flow;
generally encountered in the systemic
circuit (peripheral resistance: PR)

Systemic Blood Pressure

Background

1. Pumping generates blood flow

2. When flow is opposed by
resistance, pressure results

3. Blood flows along a gradient from
higher to lower pressure (highest in
aorta & lowest in right atrium)



Sources of Resistance

« Blood viscosity
 Total blood vessel length
« B. vessel diameter resistance 1/r?

Blood Flow (F) = AP/PR

What is hypertension?

» Arterial pressure is too high
« Causes is unknown, or is secondary to disease
« Variety of risk factors are known:

- sedentary lifestyle

- smoking

- obesity

- diet (excess sodium; cholesterol; calories)

- stress

- arteriosclerosis

- genetic factors



What Affects BP

Increases BP: Decreases BP:
» Atherosclerosis » Shock/blood loss
» Thick blood « MI

* Drugs/nicotine * Drugs

* Obesity  Physical fitness

R &
TN T

Write an essay that details a day in the life
of a red blood cell as it travels through the
circulatory system ... where did you go and
what happened



Coronary Arteries

« The coronary arteries are perfused during
diastole. An increase in heart rate shortens
diastole and can decrease myocardial
perfusion.

 Patients, particularly those with coronary artery
disease (CAD), can develop Myocardial
Ischemia (inadequate oxygen supply) when the
heart rate accelerates.

Atherosclerosis

= Atherosclerosis is due to a build-up of

fatty = material (plague), mainly
cholesterol, under the inner lining of
arteries.

= The plague can cause a thrombus
(blood clot) to form.

= The thrombus can dislodge as an
embolus and lead to thromboembolism



Atherosclerosis

« Narrowing of vessel lumen
due to plaque/fat formation
on inside of walls

* Causes: diet high in fat,
cholesterol, salt; inactive
lifestyle; smoking

* Risk Factors: high BP,
enlarged heart, embolus
blocking circulation; stroke il

Coronary Artery Disease

* When Atherosclerosis
affects the arteries that
supply the heart muscle

* Symptoms: short of breath
after simple exertion,
angina (chest pain)

Normal coronary artery

Atherosclerosis
with blood clot

* Risk: MI, cardiac arrest,
death




Myocardial Infarction

« The heart has large metabolic requirements,
extracting about 70% to 80% of the oxygen
delivered (other organs consume, on average,
25%).

Myocardial Infarction

 When the coronary vessels are blocked, the heart
muscle becomes starved for oxygen.

* Resulting chest pain is called ‘‘angina’’.

o If oxygen is deprived for a long time , the heart
muscle will be damaged & death may result.



Anatomy of a heart attack

Atherosclerotic plaque
with blood clot

HOW IS CAD TREATED? q:

Stent — wire mesh inserted into the artery to expand its lumen

Coronary Artery Bypass — arteries are removed from leg and grafted

into the heart to restore circulation .

Aorta
Grafted
Grafted left internal
femoral thoracic artery

artery

, Leftanterior
Y\ descending
)\~ coronary
artery
Right
coronary
artery




ANGIOPLASTY / CORONARY BYPASS OPERATION V-

grafted veins
carry arterial
blood

blocked
vessels

)

arterial wall
b. Balloon e. Blloon
a. Artery is is released. is inflated.
closed.
3. Lymphatic System Re. o K
-  System of

leak out of the capillaries into
the interstitium and return
them to the blood stream et

proper.

- Other function is immunity



Lymphatic ————
capillaries
Lymph
node

. Pulmonary
- circulation

Lymphatic |
vessels e

Tissue fluid Blood plasma

o ,
Systemic \ | SN0
circulation T

Lymph
— Lymphatic capillaries

Effects of Aging on the Heart

* Gradual changes in heart function: more at
exercise

* Hypertrophy of left ventricle
* Maximum heart rate decreases
* More valvular dysfunction & arrhythmias.

* Increased O2 consumption required to pump
same amount of blood



Effects of Aging on the Heart

e Decline in cardiac reserve — (max HR)
e Fibrosis of cardiac muscle — (normal)
o Atherosclerosis (You are as old as your arteries)

Effects of Aging on the Vessels

o Arteries & Veins
— Atherosclerosis
— Chances of coronary thrombosis & heart
attack increase
— Occurrence of varicose veins increases
e Thromboembolism

* Pulmonary embolism



Heart & a Healthy Lifestyle

Heart’s main adaptation to sustained physical activity:

e Hypertrophy = increase SV
= decreased resting HR

* Increased potential to supply oxygen

e Bradycardia = heart under less strain at rest
= over lifetime could delay drop of heart
= improved quality of life

A Healthy Heart is a Happy Heart

1. Exercise on a regular basis. Get
outside and play. Keep that body
moving (walk, jog, run, bike,
skate, jump, swim).

2. Eat Healthy. Remember the “Food
Pyramid” and make sure your
eating your food from the bottom to
top.

3. Don't Smoke! Don't Smoke! Don't
Smoke! Don't Smoke! Don't Smoke!




Healthy
Food Pyramid
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