CARDIOVASCULAR SYSTEM: The Heart- Chapter 20

Organization of Cardiovascular System:
Heartit he Apumpo
pulmonary circuit:

systemic circuit:

Blood Vessels: conduits
Arteries

Veins

Capillaries

Bloodifitransporter & exchangero

Location of heart
Amedi astinum

Asize of
Aapex inferior & anterior

Abase:

A sits tfrom 2Mebfi t5" istdrcdstal space

A esophagus posterior
Pericardium (pericardial sac): double layered sac

Surrounds & stabilizes heart

Consists of two layers:

1.) fibrous pericardium -

2.) serous -

1. parietal layer -

2. visceral layer or epicardium

pericardial cavity: surrounds heart
space between parietal & visceral layers

pericardial fluid:

pericarditis:



cardiac tamponade
Heart Wall - 3 layers
1. epicardium: visceral pericardium

2. myocardium: thickest layer
Cardiac muscle

3. endocardium: endothelium
Superficial Anatomy of the Heart:
contains 4 chambers -  2-atria 2-ventricles
right atrium: collects deoxygenated blood from

right ventricle: pumps deoxygenated blood to

left atrium: collects oxygenated blood from

left ventricle: pumps oxygenated blood to

atria: superior

ventricles: inferior

Acontain papillary muscles and trabeculae carneae

interventricular septum

coronary sulcus: separates atria from ventricles

Cardiac Muscle: see comparison of Cardiac & Skeletal Muscle (page 675, table 20-1)
Cardiac Muscle:
Astriated
Acells are smaller than skeletal muscle cells

Acardiac cells are short

Aeach fiber contains 1 or 2 nuclei
A many |l arge mitochondri a
Acardiac cells interconn eafledintercalattdddcsr k st aining junc

Cells also anchored with desmosomes



Afunctional synctium

Asarcomeres have Z lines, A & I

Aheart relies on aerobic metabol

If deprived of oxygen can switch and work anaerobically but lactic acid increases H+
muscle cell which interferes with ability to move Ca++ and closes gap junctions.

Decreases ability to generate action potentials = Ml

Acardiac muscle much more adaptable

Adanger of inadequate blood supply

BLOOD FLOW THROUGH THE HEART:

Right Atrium receives all deoxygenated blood
from:
superior vena cava

inferior vena cava .
Superior vena cava

coronary sinus: Right pulmonary
artery

Pulmonary trunk

B Vo] niae

contains foramen ovale Right atrium

Right pulmonary ~

after birth closes: fossa ovalis veins .
Fossa ovalis

Right Ventricle Tricuspid valve

Pulmonary Trunk: Trabeculae carneae
Right & Left Pulmonary Arteries Inferior vena cava

Lungs: (e) Frontal section
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Pulmonary Veins (4) Right & Left

Left Atrium

Left Ventricle
Thickest myocardium
Aorta:

blood to
1. coronary arteries

bands

within

Aorta

Left pulmonary
artery

Left atrium

Left pulmonary
veins

Mitral (bicuspid)
valve

Aortic valve

Pulmonary valve
Left ventricle
Papillary muscle
Interventricular
septum
Epicardium

. ——Myocardium

Endocardium




2. aortic arch: 3 main arteries:
1.) brachiocephalic
2.) L common carotid
3.) L subclavian

3. thoracic(descending)
4. abdominal aorta

Valves of the Heart (4): prevent backflow of blood

Atrioventricular (AV) Valves
A V a I V e S I 0 c a t e d b e t We E (1)V9nlrlclescon(racLlorciug

blood against atrioventricular
valve cusps.

AShut t o prevent b1 00 ¢ R ——————

(@) Papillary muscles
contract and chordae ’_{

Atrium

~—Cusps of
atrioventricular
valve (closed)

Blood in
ventricle

tendineae tighten,
preventing valve flaps

A C ons | S t S 0 f f I a p S 0 f from everting into atria. \
(b) AV valves cl atrial pr less than pr
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A F | &psps) anchored to papillary muscles in ventricles (myocardium) via chordae tendineae

A When the ventricles contract, the papi | Whichanchonus c]l
the cusps and prevents them from inverting into atria.

Right Atrioventricular Valve has 3 cusps: Tricuspid
Left Atrioventricular Valve has 2 cusps: Bicuspid or Mitral

Semilunar Valves: Aorta
Arevent blood from flowing back Pulmonary

into ventricles trunk
As ventricles
contract and
intraventricular

APul monary semilunar valyv oSl
. ood is pushed up
Pulmonic Valve) against semilunar
valves, forcing them
open.

A A o rseémilucar valve

(Aortic Valve)
As ventricles relax
. and intraventricular
Amechani sm: fl aps Or CuUSDP pressure falls, blood
in response to ventricular pressure flows back from

arteries, filling the
cusps of semilunar

Ventricles contract: valves and forcing
them to close.

Ventricles relax:
(b) Semilunar valves closed

Aortic sinuses: at base of aortic valve- contain blood for coronary arteries



Coronary Blood Vessels:

Left Coronary Artery (LCA)
ACircumfl ex

AN

AL.A.D. (anterior
(left anterior descending) or
anterior interventricular

anastomoses: interconnections
(join anterior/posterior interventricular
arteries)

Great Cardiac Vein: drains
deoxygenated blood from cardiac
veins into coronary sinus

atherosclerosis: fatty deposits or

plague i narrows blood vessel

termed Coronary Artery Disease (CAD)
(see pgs. 6821 683)

3 general steps:

(l ateralAMarginal

Right Coronary Artery (RCA): supplies
(inferior)

Mosterior interventricular
Aorta

Pulmonary
trunk

Superior
vena cava\

—_—

Y Left atrium
Anastomosis “ /
(junction of ’ X
vessels) Left
coronary
Right artery
atrium

Circumflex

Right artery

coronary

artery BT ;
Right ventricle
ventricle Anterior

Right- interventricular
marginal Posterior artery
artery  jhterventricular

artery
(a) The major coronary arteries
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1.) Damage to endothelium (smoking, hypertension, diabetes)

2.) Inflammatory response

Inflammatory cells (WBCs, macrophages release cytokines which damage heart muscle)

3.) LDL deposited at site: narrows vessel & forms thrombus

Often first symptom is angina pectoris due to temporary ischemia

ischemia: (coronary ischemia)

infarct = dead tissue

myocardial infarction: damaged heart cells can cause ventricular fibrillation or cardiac arrest

s/s?

note: dying cardiac cells rupture and release proteins in to blood



Cardiac Physioloqgy:

Heartbeat: single contraction of the heart

Heart contracts in series: first the atria (together) then ventricles (together)

Two types of cells: 1.) Autorhythmic cells: excitable cells
EKG show their activity

2.) Contractile cells: 99% of cardiac muscle cells

Conduction System of the Heart i Autorhythmic or pacemaker cells

Found in SA & AV nodes, Intermodal Pathways, AV bundle (bundle of His), Bundle Branches &

Purkinje Fibers

+10 Ca®* channels close;
Overy excitable T depolarize on their K* channels open
own < 0
« . . \Er -10 Ca2+
0 have unstable resting potential & = bil
slowly drift toward threshold (termed € =20 Ca2* permeability — Action
pacemaker potential) % _30 | channels K* perme- potential
Q.
£ 40 fE=ssa opemicsrg bt sm s gk E e m s s e g
o
. : . . 2 -50
0 connected via gap junctions qEJ
= -60 s
- Slow depolarization:
- + . s
5 rely on Ca2" influx at threshold K changels close; Pacemaker potential
rather than Na* slow Na* channels Boli—
opening (Na* enters) Threshold
Sequence of Excitation: >

Cells in SA node depolarize fastest

Time (ms)

Form action potentials at 80-100 per minute
SA node is innervated by parasympathetic nervous system

1.) SA NODE: pacemaker

Al ocated in the wal/l , ——
. Superior Right atrium
A causes sinus rhyth wnacma
@ Sinoatrial node
A sets +BRbpmt 60 (pacemaker) P
(parasympathetic dominant) Internodal
pathway

. . () Atrioventricular
receives info from vagus & node
cardiac nerves which act as (® Atrioventricular — — Purkinje

brakes & accelerator

Impulse spreads via gap junctions
& Internodal pathways to

bundle
{Bundle of His)

(@ Bundle branches

\ fibers

Inter-
ventri-
cular
septum

@ Purkinje fibers

(a)
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2.) AV NODE
Ai mpul se del ayed

3.) Bundle of His or Atrioventricular Bundle
4.) Right & Left Bundle Branches

5.) Purkinje Fibers:
myocardium
Papillary muscles

ECG or EKG: Electrocardiogram i will be discussed in lab

Cardiac Contractile Cells:
Receive action potential from conducting system cells

Action potential necessary to allow Ca®*to enter myocardial cells from SR

(depolarization travels down T tubules to SR to release Ca®* into sarcoplasm)
(Remember need Ca++ to bind to troponin to weaken the T-T complex also need Ca++ for plateau
phase of muscle contraction)

However Cardiac Muscle:
RMP = -90mv, threshold -75mv & Na gates close at- +30mv
Cardiac muscle more dependant on blood Ca?*
EC Ca* also triggers release of Ca®* from SR

at threshold voltage-regulated Na+ channels open i Na+ enters
depolarization also opens slow Ca?* channels for plateau stage
Importance of the plateau stage:

Repolarization 1 K+ channels open and K+ rush out of cell



