PTA/OTA 106
Unit 2 Lecture 1

Position of the heart and Associated
Structures
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Approximate Location of the heart
projected to the surface

Right Lett
3rd costal g — Superior border
cartilage = o
b - 2nd costal cartilage
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Landmarks border—} A e Midclavicular line
e Superior R point: Is at the i — U B .
superior border of the R 314 e NS -
costal cartilage '
e Superior L point: Is located at
the inferior border of the L
2nd costal cartilage

Auscultatory areas of chest

@ Mitral area (5LICS)

@ Tricuspid area (4LICS)

® Secondary pulmonic area (3LICS)
@ Pulmonic area (LUSB)

© Aortic area (RUSB)

5LICS = 5th left intercostal space
LUSB = left upper steral border
RUSB = right upper stemal border
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Layers of the heart wall and it’s
associated membranes

PERICARDIUM

J-‘ Heart wall
FIBROUS
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(a) Portion of pericardium and right ventricular heart wall showing
the divisions of the pericardium and layers of the heart wall
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External Anatomy of the Heart

Left common
carotid artery

Left subclavian artery
Arch of aorta
Ascending aorta
Ligamentum arteriosum

Left pulmonary artery

Brachiocephalic —
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vena cava 0
Right pulmonary — —
arte
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Right pulmenary
veins v

Pulmonary trunk

Left pulmonary veins
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ATRIUM

Right Left coronary arter
coronary artery (anterior interventricular
RIGHT ATRIUM zﬁﬁﬂwon
CORONARY INTERVENTRICULAR
SuULCcus SULCUS
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cardiac vein Greater cardiac vein

RIGHT: " — :
VENTRICLE T | LEFT VENTRICLE
Inferior vena cava a

Descending aorta

(a) Anterior external view showing surface features
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External Anatomy of the Heart

Left common

carotid artery

léfg rs\.rubclawan Brachiocephalic trunk

Arch ot aoria Superior vena cava

Descending aorta

Left pulmonary Ligamentum arteriosum

artery Ascending aorta

Pulmonary trunk Right pulmonary artery

Left pulmonary

veins

LEFT AURICLE OF i .

LEFT ATRIUM Right pulmonary veins
RIGHT ATRIUM

LEFT ATRIUM

Coronary sinus

LEFT VENTRICLE ¥

Middle cardiac vein Right coronary artery

POSTERIOR RIGHT VENTRICLE

INTERVENTRICULAR i

SULCUS Inferior vena cava

(c) Posterior external view showing surface features

® Jobhn Wiley & Song, Inc.

10/5/2011



Internal Anatomy of the Heart

—————————————— Leftcommon
carotid artery
Left subclavian
artery

Arch of aorta

trunk
‘Superior vena cava

P
Ligamentum 74 POSTERIOR
Right pulmonary artery L Ao Vs S
_ ———— Left pulmonary 7 Ss D plane
i ; ¥ = arter TR
Right pulmonary veins ‘ al Pulmxz()nmy trunk ‘Al_n —
Opening of superior Lot pumonery b
iew

vena cava ‘ m

veins

PULMONARY - :
SEMILUNAR VALVE 4 - v LEFT ATRIUM Right ventricle Left ventricle
Fossa ovalis [ 1 AORTIC Interventricular
in interatrial septum | SEMILUNAR VALVE septum
RIGHT ATRIUM : BICUSPID VALVE
Opening of coronary sinus CHORDAE
‘Opening of inferior TENDINEAE
vena cava INTERVENTRICULAR %
TRICUSPID VALVE SEPTUM ANTERIOR
PAPILLARY MUSCLE (c) Inferior view of transverse section showing differences
RIGHT VENTRIGLE
< in thickness of ventricular walls
TRABECULAE CARNEAE R : LEFT VENTRICLE Gy S
Inferior vena cava
Descending aorta
(a) Anterior view of frontal section showing internal anatomy
.ot Viey & Sons ns
Position and Function of the Cardiac valves
Pulmonary semilunar valve
Fibrous skeleton
Aortic semilunar valve
Left coronary artery
Right coronary artery
Bicuspid valve 3 .
Tricuspid valve
ANTERIOR ANTERIOR
Pulmonary
semilunar
valve (open)

Pulmonary

semilunar
Superior view (the atria have been removed) valve (closed)

& .John Wilsy & Sons. Inc. Left

coronary /- { ) Right
ey ) / ight coronary
Biouep Bicuspid
(open) ZUS Al valve
P A% D v (closed)
Tricuspid
valve
(open)
Tricuspid
valve
(closed)
POSTERIOR POSTERIOR
(c) Superior view with atria removed (d) Superior view with atria removed
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Circulations Patterns of the Heart

ic veins from
upper body

Pulmonary capillaries
of right lung

Right atrium

Right ventricle
Systemic veins
from lower body

W = Oxygen-rich blood
M = Oxygen-poor blood

(a) Systemic and pulmonary circulations
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Systemic capillaries

of upper body

Systemic arteries to

upper body 4. In pulmonary capnlar\es blood
Aorta loses CO, and gains O,

Pulmonary trunk and

gulmonﬁa enﬁﬂei

Pulmonary semilunar valve

Pulmonary | l

“Pulmonary veins

Pulmonary capillaries
of left lung

trunk i
d o atrium Right ventricle I ' Left atrium |
: -

Left ventricle Tricuspid valve Bicuspid valve

Systemic arteries |

to lower body 1. Right atrium Ti i
(deoxygenated blood) LEMEED
jk Aortic semilunar valve

Systemic capillaries

cfy lower bod? "Stperior (Tinferior (Voo 8 (ATA d

. vena . vena et * systemic

XS]

9. In systemic capillaries, blood
loses O, and gains CO,

(b) Diagram of blood flow
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Coronary Vessels and circulation

Ascending aorta

RIGHT

Right atrium ———
|

Arch of aorta
LEFT CORONARY

Pulmonary trunk

Right atrium
Left auricle
CIRCUMFLEX
BRANCH i

ANTER

Superior vena cava

Pulmonary trunk

Left auricle

CORONARY SINUS

ANTERIOR CARDIAC
IOR

INTERVENTRICULAR  Righy venvile
MARGINAL | i GREAT CARDIAC
BRANCH - —— Left ventricle SMALL CARDIAC
Inferior vena cava Left ventricle
- S POSTERIOR MIDDLE CARDIAC
INTERVENTRICULAR
BRANCH

(a) Anterior view of coronary arteries
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(b) Anterior view of coronary veins
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Cardiac Conduction Systems: the Heart
pacemaker

€) SINOATRIAL (SA) NODE

@) ATRIOVENTRICULAR
(AV) NODE

Right atrium

Right ventricle

Arch of aorta

Left atrium

o ATRIOVENTRICULAR (AV)
BUNDLE (BUNDLE OF HIS)

RIGHT AND LEFT
BUNDLE BRANCHES

Left ventricle

) e CONDUCTION MYOFIBERS
(PURKINJE FIBERS)

Anterior view of frontal section
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Physiology of Cardiac Muscle Contraction

Action potential initiated by the SA
node

Action potential conducted to the
purkinje fibers

Depolarization of sarcolemma
opens voltage-gated fast Na+
channels causing rapid
depolarization

Prolonged depolarization called the
“plateau” involves opening of
voltage-gated slow Ca2+ channels

Plateau (maintained depelarization)
@ <due 1o opening of voltage-gated
slow Ca®* channels and closing
of some K* channels

-20 9 Repolarization
due to opening of
voltage-gated K*
channels and
closing of Ca?*
channels

@ Rapid depolarization due to
opening of voltage-gated fast
Na* channels

, Membrane potential (mV)
|
&

e 0.3 sec = 300 >

| Refractory period |

Contraction

(a) Action potential, refractory period, and contraction

/ Action potential

/ Pgatt

Relative permeablity

N

Time (sec)
(b) Membrane permeability (P) changes
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Physiology of Cardiac

5. Repolarization is caused by
opening of voltage-gated K+
channels

6. The prolonged
depolarization causes an
absolute refractory period
where the cardiac muscle can
not respond to additional
stimulus.

Muscle Contraction

Plateau (maintained depolarization)
@ dus 1o opening of voltage-gated
slow Ca?* channels and closing
of some K* channels

Repolarization
due to opening of
voltage-gated K*
channels and
closing of Ca?*
channels

© Rapid depolarization due to
opening of voltage-gated fast
Na' channels

Membrane potential (mV)
I
3

0.3 sec = 300 {

;
i il
[ Depolarization [Repolarization]|
|

Refractory period |

(a) Action potential, refractory period, and contraction

100 / Action potential

Relative permeablity

Time (sec)

(b) Membrane permeability (P) changes

@ John Wiey & Sons, .

The parts of an Electrocardiogram (EKG)
during a cardiac cycle

P wave =

atrial depolarization

(Large P = atrial enlargement)
QRS complex =

ventricular depolarization E
(Large Q = myocardial infarction) %
T Wave = s
ventricular repolarization

(Flat T = coronary artery disease)

P-Q interval =

Time required for conduction from

SA node to purkinje fibers Key:

1.0 B
S-T
0.5 segment
I 1
H L
b I I
0
1 |
1 I . {
= P-Q > I
interval
-0 R I
r—— Q-T interval ———¢
H H
0 0.2 0.4 0.6 0.9
Seconds

[ Atrial contraction
[ Ventricular contraction
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The parts of an Electrocardiogram (EKG)
during a cardiac cycle

S-T segment =

Time when ventricular myocardia is

depolarized

(elevated S-T indicates acute
myocardial infraction}

Q-T interval=

time form start of ventricular
depolarization to ventricular
repolarization.

(Lengthened by myocardial
damage)

R
S-T
< 05 segment
£ <
8 AN
E £ I I
s 0
1 1
i s i
r_ln':t‘s;'(\?al--1 I
-0 e I
*—— Q-T interval ——=¢
0 0.2 0.4 0.6 0.9
Key: Seconds

[ Atrial contraction
[ ] Ventricular contraction
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The Cardiac Cycle:
Atrial Systole

Atrial Diastole
Ventricular fillling
Ventricular Ejection
Ventricular Systole
Ventricular Diastole

Isovolumetric
Contraction

Isovolumetric
Relaxation

T 4 T
(a) ECG Vg S— E—
| S |
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120 == valve closes = valve closes
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130
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o J | |
81 82
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1] L 01'sec| .
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(e) PHASES OF THE @ Rapid Dia» Y 2 H I
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A :
b 2
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The Cardiac Cycle: Ll

End-diastolic volume by
End-systolic volume o F“ESS?“E:
mm Hg, 1
40
20 +
04
(c) VOLUME
OF LEFT
VENTRICLE
{mi} 0
.

(d) HEART SOUNDS

(e) PHASES OF THE
CARDIAC CYCLE

ISovolumetric
relaxati

(1]
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3 o

- 4

2 65
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@ [Rapid [Dia-. IH .13

Isovolumetric  Ventricular
contraction  ejéction

/ trial _ W 2
on filling systole Isovolumetric  Ventricular
P2} contraction  ejection
3 ]

Cardiac Output (CO)

¢ CO = volume of blood
ejected from the left
ventricle into the Aorta
each minute.

* CO=SVxHR

* SV =stroke volume, volume
of blood ejected from
ventricle (70 ml)

e HR = Heart rate,
heartbeats per minute

Positive inotropic agents
such as increased
sympathetic stimulation;
catecholamines, glucagon,
or thyroid hormones in the
Increased end diastolic volume blood; increased Ca?+ in
(stretches the heart) extracellular fluid

Decreased arterial blood
pressure during diastole

|

| Increased PRELOAD | | Increased CONTRACTILITY |

| Decreased AFTERLOAD |

Within limits, Cardiac muscle  Positive inotropic agents
fibers contract more forcefully  increase force of contraction
with stretching (Frank-Stariing at all physiological levels
law of the heart) of stretch

Semilunar vakes ‘open sooner
when bleod pressure in aorla
and pulmonary artery is lower

™~ ' rd

Increased CARDIAC OUTPUT |

Increased HEART RATE /

Increased sympathetic Catecholamine or thyroid

stimulation and decreased hormones in the blood;

parasympathetic stimulation moderate increase in
extracellular Ca?+

t

Infants and senior citizens,
females, low physical fitness,
increased body temperature

f

NERVOUS SYSTEM CHEMICALS OTHER FAGTORS
C center
in medulla oblongata

receives input from
cerebral cortex, limbic
system, proprioceptors,
baroreceptors, and
receptors
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Cardiac Output (CO)

Positive inotropic agents
such as increased
sympathetic stimulation;
catecholamines, glucagon,
or thyroid hormones in the

Increased end diastolic volume blood; increased Ca?* in Decreased arterial blood
(stretches the heart) extracellular fluid pressure during diastole
! |
o Factors the effect SV | increased PRELOAD | [Increased CONTRAGTILITY| | Decroased AFTERLOAD |
N -
1. Preload: degree of stretch o pomndson s con
. with stretching (Frank-Starling at all physiological levels and pulmonary artery is lower
of the myocardlum before lawofthe hear) \m siretch : P
contraCtion [ Increased STROKE VOLUME |
2. Contractility: force of \
. L] Increas:
contraction of the ventricular [romems oo ]

myocardium /
3. Afterload: Force or

Increased sympathetic Catecholamine or thyroid Infants and senior citizens,

o stimulation and decreased hormones in the blood; females, low physical fitness,
pressure that the ventricular misin  TedomeiEsel  ihrsaadsod o
myocardium must exceeded to .1 1 ﬁ
open the semilunar valves. e choaa.

receives input from
cerebral cortex, limbic
system, proprioceptors,
baroreceptors, and
chemoreceptors
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Nervous Control of Cardiac Activity

INPUT TO CARDIOVASCULAR
CENTER (nerve impulses)

[ From higher brain centers: cerebral

/ T h L cortex, limbic system, and hypothalamus
From sensory receptors:
” g Proprioceptors-monitor movements

Chemoreceptors-monitor blood chemistry
Baroreceptors-monitor blood pressure

OUTPUT TO HEART
(increased frequency of nerve impulses)

Increased rate of spontaneous
depolarization in SA node (and AV node)
increases heart rate

Cardiac accelerator
nerves (sympathetic)

Increased contractility of atria and
ventricles increases stroke volume

Cardiovascular

Decreased rate of spontaneous depolar-
(CV) center

ization in SA node (and AV node)
decreases heart rate
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