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Anatomy and Physiology of Heart &L Lungs

Heart

The heart consists of cardiacfn\uscmcardium). Weigh around 300mg and rest upon
diaphragm. About 2/3™ of heart lics left side of the body’s midline. Apex is directed

anteriorly, inferiorly and to the felPericartum surrounds and protects the heart. Its confines the

heart in the mediastinum. The heart pimps continuously, without resting and without becoming

fatigued. Its function is to pump blood to the lungs and around the body. The heart is one of the
r, key organs in the Circulatory System.

Chambers:

v The heart consists of four chambers and is divided into left and right by a wall of muscle called

__— the septum.

—  The %ht side of the heart consists of an atrium which receives blood returning from the body;—» Svc
and the right ventricle, which then pumps blood out to the lungs, via the pulmonary artery. " IvVc
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The left side again contains an atrium and a ventricle. The left atrium receives the oxygenated
blood returning from the lungs and the ventricle then pumps this blood around the body.

Due to the distance which the blood being pumped from the left ventricle has to travel, a more
forceful contraction is required. For this reason the muscular wall of the left side is thicker than
that of the right side. mital
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N Pulmenic Nalve
The atria and ventricles are separated by valves known as Atrioventricular, or AV valves. The
purpose of these valves is to prevent blood from flowing in the wrong direction. Following the
movement of blood from the atrium, into the ventricle, the AV valve snaps shut which causes the
first heart sound of the heart beat (often described “lub dub”, with the closing of the AV valves
being the “lub™). Mitral Valve is on the left side.
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The “dub” sound is caused by the closing of two other valves, known as the Semilunar or SL
valves. These are located between each ventricle and the artery leaving the heart, and again
prevent the blood flowing backwards. Left side Aortic valve and on right side is Pulmonary
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Mo~ Cardiac Conduction System:
the heart is able to create it's own electrical impulses and control the route the impulses take via a
specialised conduction pathway.
This pathway is made up of 5 elements:

SA
1. The sino-atrial (SA) node node ( ijr[(inig .
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2. The atrio-ventricular (AV) node

3. The bundle of His

4. The left and right bundle branches

5. The Purkinje fibres
The heart beat is caused by impulses arising from two specialised groups of cells within the heart
muscle. The Sino-Atrial((SA) n situated in the wall of the right atrium initiates the beat, and
the Atrioventricular (AV) nodg which is positioned between the ventricles and continues to
distribute the wave of impulses.

e deseribes th which the heart”
Weat: Cardiac Sls-tgle describes the period at which the h contracts and cardiac
iastole describes the period of rejaxation, between beats. They can however be further divided
intd diastole and systole of the atria and ventricles.
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e \ L\ o[ TP Interval (Ventricular Diastole) - Atria and ventricles are relaxed, blood is flowing into
w .. the atria from the veins. As the atrial pressure increases above that of the ventricle, the AV
» valves open, allowing blood to flow into the ventricle

2‘;‘:, L(S « P Wave (Atrial Systole) - The SA node fires and the atn'a_contract causing atrial systole
N wolp)l which forces all blood into the ventricles, empyting the a’m‘a, 1V {_“P v\ : ‘ _t'JJ'K |

_Ai « OR Interval (End of Ventricular Diastole) - The AV ‘valves remain open as all remaining
g— blood is squeezed into the ventricles. The electrical impulse from the SA node reaches the
. AN bty
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AV node which spreads the signal throughout the walls of the ventricles via specialised cells
called bundles of His and Purkinje fibres. The R peak is the end of ventricular diastole and

the start of systole. = ol vp\ L

——>¢ RS Interval (Ventricular Systole) - As the blood is now all within the ventricles and so
1sevolumenspressure is higher here than in the atria, the AV valves close. The ventricles start to contract
s Ithough pressure is not yet high enough to open the SL valves SR ‘
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! .o : « ST Segment (Ventricular Sysfole) - Pressure increasés until it equals Aortic pressure, when

|f)"—‘) the SL valves open. The blood is ej‘ected 1nto the Aorta (and DJI]-UJ.QIL@I_\L_?EEDQ as the
. ventricles contract. At this time the atria are in diastole and filling with blood returning from
2 the veins.
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QL-_ « . T Wave (Ventricular Diastole) - Ventricles relax, the ventricular pressure is once again less
J than the aortic pressure and so the SL valves close. The cycle continues. e
Y 1&£”, »

i..
, . Cardiac volumes: esnp s )
»'ub),u-‘ -

- Cardiac Volumes are the amount of blood moved by the heart at any time:
=2 J)
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. =S ;) )\ ( Stroke Volume (S}): This is the amount of blood pumped from the heart, each time the heart f""‘L
contracts. At rest this is between 70-100ml, during exercise the figure increases to 113-179ml.) &\ ‘—-.J 1
The fitter an individual is, the higher their stroke volume. e |/l1 - -

P
VA\‘ _‘}'L LCardiac Output (Ca: The amount of blood ejected from the heart in the space of a minute. = ~=*, ,
| = This can be calculated by multiplying the stroke volume and the heart rate (beats per minute). < | e

‘»t‘a‘) _é\ This can range from 5,000ml at rest to 35,000ml during maximal exercise. —w LJ I
<—ale)| End Diastolic Volume (EDV): The amount of blood within the left ventricle prior to the
—_———- ) 3 contraction (systolic) phase of a heart beat. UPL;)K\ d‘:’ E IERP C

- 3' End Systolic Volume (ESV): The volume of blood remaining in the véntricle after contraction.

. &pl,)]  The stroke volume is equal to EDV-ES&L;J%‘ > .&. 0z E_‘_“ ‘_,,“2
Coronary circulation: coronary arteries arises from ascending aorta and branches into right an(i?
left coronary arteries. Blood is filled during the diastole in these coronary arteries. P"'_!,LJ |

Nervous supply: Vagus nerve. ol o "’)\-L —(::J-_?L:—\r-
Lungs QSCe.V\&:w\a aofrte -

The respiratory system consists of nose, pharynx, larynx, trachea, bronchi, alveoli and finally
€ Dv_Esv Lungs

The mammalian lungs are designed to optimize exposure of blood to oxygen. The normal human
lungs weigh about 1 kg, of which 40% to 50% is blood. These lungs contain about 2.5 L of air at

end expiration and 6 L of air at full inflation.

The average human respiratory rate is 30-60 breaths per minute at birth, decreasing to 12-20
breaths per minute in adults. R ——————— e
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Trachea:

12 cm long 2.5 cm in diameter, located anterior to esophagus and extends from larynx to 5"
oracic vertebra and called carina (triggering cough reflex) where it divides into right and left

primary bronchi. \ TS
Supported by 16 to 20 C shaped ring of hyaline cartilage. ‘5\ '(;-21.'___, ab &
"’rF 2 Each lung has an apex, base, 3 borders and two surfaces, t“e’)\ T\ /\

2- (Apey: slightly superior to the clavical. Qe

\
broad concave base resting on diaphragm Conia

: costal and mediastinal.

( BordersYInferior, posterior and anterior.

Lobes & Fissures: . } -t )
<v
® Right: three lobes (superior, middle & inferior) & two fissures oblique and horizontal and e ‘

® Left: two lobes (superior and inferior) & one oblique fissure.
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t~"Hilum: it constitute root of the lung, through which bronchus, blood vessels and nerves passes.
e \} g Mucus is secreted onto the bronchial surfaces by sub mucosal glands and by goblet cells.
\,D))\ v~ Cilia aid in the transport of mucus and which is largely responsible for removing foreign

material.

(r).\a)},\ Alveoli begin to appear inthe walls of the 17th generation of bronchioles, which are therefore
referred to as respiratory bronchioles. By the 20th generation of airwa)gg,’é:he entire wall of the
airway is composed of alveoli, and thes¢ structures are referred to as alveolar ducts. Alveolar

ducts end at about the 23rd generation in blind sacs, which are lined with alveoli and are referred
to as alveolar sacs. There are approximately 300 mllhon alveoli w1thm the lungs and these

provide a surfa je area of gas exchange.  __ | -:'_ —_— Ve SPNA {-bvj brouchides.

23%> alesoli th
Pleura: - 20 —> a\wwloy dutrg
Covering of the lungs, two types: visceral layer covering the lungs is continuous with the
(— "parietal" layer that covers the inner surface of the chest cavity. These two layers of pleura are

separated by a thin layer of flurd, which amounts to [ess than 10 mL in the normal adult fungs. ™

Mechanics of Breathing/ Pulmonary Mechanics:

During inhala;i/—\fg,n,amve contracq'on of the diaphragm and external intercostal muscles of the
ribcage draw air into the lungs. é\o.phrqu\ CoHalhon —> 4 volumu—>s ‘LPtTSS uu 1

Although inhalation requires active muscle contraction, €xhalatior) is normally a passive process
and is dependent on the elasticity of the pulmonary tissues: ==

Physiology of Gas Exchange: Each alveolus is very closely associated with a network of WA
capillaries containing deoxygenated blood from the pulmonary artery. The capillary and alveolar
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walls are very thin, allowing rapid exchange of gases by passive diffusion along concentration
gradients.

CO2 moves into the alveolus as the concentration is much lower in the alveolus than in the
blood, and O2 moves out of the alveolus as the continuous flow of blood through the capillaries
prevents saturation of the blood with O2 and allows maximal transfer across the membrane.

Control of respirations:

. L. Inspiratory center

v~ 2. Expiratory center

o
v 3. Pneumotaxic center
4

Vv~ 4. Apneustic center

First two centers are present on medulla oblongata whereas last two centers on the Pons region
of the brain.

Volumes and capacity: )J) \fz)hj ".@ 1‘ ()-P M’ @\ s\ )\ .,r
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The tidal volume (TVY, about 500 mL, is the amount of air 1nsp1red during normal, relaxed

@

breathing. — — ou\.» \) J
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The inspiratory reserve volume (IRV), about 3, 10\) mL, is the additional air that can be forcibly
inhaled after the inspiration of a normal tidal volume o

>LJ\>
Q‘L The expiratory reserve volume (ERV), about 1,200 mL, is the additional air that can be forcibly
&; VJ \ exhaled after the expiration of a normal tidal volume:

o]
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Residual volume (RV), about 1,200 mL, is the vohime of air still remaining in the lungs after the
irat lume is exhaled. g, z L aast sV S

expiratory reserve volume1s € € {9)‘»’ a)\ 3 G_u.w*\'\ s\ o\ p

The total lung capacity (TLC), about 6,000 mL, is the maximum amount of air that can fill the

lungs (TLC =TV + IRV + ERV + RV). -t
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The vital capacity (LC') about 4,800 ml_, is the total t of air that can be expired after fully
inhaling (VC =TV + IRV + ERV = approxnnately 80 percent TLC). The value varies according
to age and body size. ¢, -~ o
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The inspiratory capacity (IC), about 3,600 mL, is the maximum amount of air that can be

. . = i ————— r
inspired (IC =TV + IRV). TR wﬁ J‘_._‘D'Z._L/:)L\

The functional residual capacity (FRC), about 2,400 mL, is the amount of air remaining in the
lungs after a normal expiration (FRC =RV + ERV).
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