jCirculation
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At the end of this chapter students will be able to

State the location of heart in the body and define the role of pericardium. .
Describe the structure of the walls of heart and rationalize the thickness of the walls of
each chamber.
Describe the flow of blood through heart as regulated by the valves. f
State the phases of heartbeat.

' Explain the role of SA node, AV node and Purkinji fibers in controlling the hm

* List the principles and uses of Electrocardiogram.

* Describe the detailed structure of arteries, veins and capillaries.

* Describe the role of arterioles in vasoconstriction and vasodilation.

* Describe the role of precapillary sphincters in regulating the flow of blood: throngh
capillaries. Trace the path of the blood through the pulmonary and systemic circt »ffj
(coronary, hepatic-portal and renal circulation). ;‘
Compare the rate of blood flow through arteries, arterioles, capillaries, venules and v
Define blood pressure and explain its periods of systolic and diastolic pmsnre.
State the role of baroreceptors and volume receptors in regulating the blood pr
Define the term thrombus and differentiate between thrombus and embolus.
Identify the factors causing atherosclerosis and arteriosclerosis. N
Categorize Angina pectoris, heart attack, and heart failure as the smga o£ cardio

‘disease development. e A

State the congcmtal heart problem relamed to the malfuncti

t .
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I cod llﬂ'ii””
s in the human body need to be taken from one organ to another and

i Ma(crial dy
. cues from where they are dlstnbpted to each apd every cell of the body. This
o the t‘lj*-mm,cment of material called circulation. It is a vital process of the body
rcq}n:ﬁ o complished by @ system called circulatory system.
hich 15 € )
whi The circulatory system is an organ system that transports nutrients gases,
nones, blood cells, nitrogen waste products, etc. to and from cells in the body to
huln fight diseases and help stabilize body temperature and pH in order to maintain
::;,gco;lasis. This system 18 COfnposed of the cardiovascular system, which
jistributes blood and the lymphatic system.which distributes lymph. Human beings
and other vertebrates possess a closeq cardl_ovascular system. In closed system the
blood never leaves the network of arteries, veins and capillaries.

an Blood Circulatory System

The most important means of transport of food, water, wastes and gases in
human body is blood. For its circulation throughout the body, blood requires a system
called blood circulatory system, also known as cardiovascular system. This system

o 0SiSts of heart and blood vessels.

12.1 Hum

Juman Heart

Human heart (Greek word kardia) is muscular pumping organ. It is conical in
2and is generally about the size of your tightened fist. Itis found on the left side of
toracic (chest) cavity. Heart is covered by a tough double membrane called
ardium. This membrane protects the heart from over extension especially when
aor take a hard exercise. Both the membranes are slightly apart and in between
small cavity called pericardial cavity filled with a fluid, the pericardial
icates the heart to ease the movement and protect the heart from any
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o valves control t'hc blood flow and blood is allowed to flow only in one direction
fhes nc(i"" of Heart ' :
p, Fum rhe right atrium receives the deoxygenated blood through vena caya (

\ from the who!e body. ThlS happens When the heart relaxes and space is pmzﬁs&
e e atrium. The blood is forced to right ventricle through tricuspid valve. Wh
contracts the deoxygenated blood from right ventricle is pumped to the lunzrq1
hrou ary arteries. (During this the tricuspid valve is kept closed Prcvcntiné
:hc back flow)- After oxygenation the blood comes back to left atrium through
~ylmonary Veins: (The semilunar va!ve in pulmonary vein allows the deoxygenated
wlood to go o lungs and prevent its back flow). From here via bicuspid value
: d blood is sent to the left ventricle. On contraction the oxygenated blood is
i full force into aorta (the largest artery) which distributes it to whole body

ler and smaller arteries.

oxygenate
pushcd wit
through the smal

Like other mammals, in human beings as well, the oxygenated and
deorygenated blood is completely separated. Deoxygenated blood remains on the
right side of the heart and oxygenated on the left side of the heart. Valves play/a very
important role in this regard by preventing the back flow of blood.

12.1.1 Cardiac Cycle and Phases of Heartbeat

_ One contraction and one relaxation is (oo oy e
lled a cardiac cycle. Contraction of heart is ST T2
las systole and relaxation as diastole. | e sound produc
._lete cycle takes 0.8 seconc!s. The generally verbalized as lub-
on and relaxation are cyclic and dub. Lub (first sound) is produced
€. In first phase called diastole blood | by closing of the AV valves
bal the four chambers passively. In | quring the contraction of
dhase i.c. systole both the auricles | gentricle in systole. The
ogether for about 0.1 second filling | gub(second sound) is produced
s completely with blood. Then in - by closing of the semilunar
Ventricles contract together for | yalves in the beginning of
dpouring bloodintoaortaand | giastole.

ed by heart is

vvvvv




Blood travels, in all different types of vessels, at different speeds. Speed is fastest in ‘

arteries. slower in arterioles and slowest in capillaries. From here it starts getting
collected in venules. Its speed starts increasing in venules and faster again in veins,

The continuous working of heart is due to certain specializcd structures like
SA node (also called pacemaker), AV node and some specific type of fibers called
purkinji fibers.

STEP1:
SA node activity and atrial
activation begin.

STEP 4:

The impulse travels along
the interventricular septum
within the AV bundle and

the bundle branches to the
Purkinje fibers and, via the
moderator band, to the

papilary muscles of the
right ventricle.

!

N1k

by Purkinje fibers and
lay?d throughout the

¢ impulse is distributed ||

.




e SA DO eart's oo EuISes faster than othe, . are
he rest O S electrical activity, SA node is thuy "¢ ometimes
acemaker. Dysfunction of SA node causes disturbauxc in heart
: becomes Vcr};‘?:: "’t’ very slow or some times a combination of both.
other Vv lmP"l SHructure is AV node (atrio-ventricular node) which is
ectrical contro® SYStem of the heart. Its main function is to co-ordinates
heart rate. It clectricatljllz’ :t‘;:_‘::rclg[;“r tal and ventricular chambers, It is an electrica|
relay station between '€ Ventricles. Electrical signals from the atria mus;
theAV-node to reach the ventricles. This node slows down the speed of

ass through i1 s /
Sle electrical signals to delay the contraction of ventricles until the atria are not fully

contracted. € : e 1.
Purkinji fibers were discovered in 1839 by Jan Evangelista Purkinji. These

ers extend in the form of a e
gl:nchingu-cein the heart and play an E[%ﬂ’ff[(.‘fr: [ Fe CGF{TGI’ :
important role in its continuous J=— S L
working. Purkinji fibers are the | In certain heart disorders natural
extension of the autonomic nervous | Pacemaker fails to generate impulses
system. They are found in the inner | for heart beat. Then an artificial
wall of the ventricle just beneath the | Pacemaker is implanted near AV
endocardium. These are specialized “Od_e- This pacemaker is an electronic
myocardial fibers which conduct | device which automatically generates
electrical signals (nerve impulses) to | electric impulses afier every 0.8
different areas of heart to enable it to \S€conds.
work in a coordinated way,

12.1.2 Electrocardiogram (ECQG)

;[ rc 7‘5[ Ay . . 7
def] écz;:;;\ 2; gosmve deflection, Those that go away from the lead register a negative
egisters O. [hose which are at 90 degrees or perpendicular to the vector of the lead
S RL ]d ©-1Sseenasanisoelectric line, -
¢Cordin “a ng of ECQ requires following conventions to be kept in mind.
" Vi f:t the ECG is 25 mm/s which results in:
04 sec (oreach individual block)

A
‘\””n ~ U

Vg ) X
< S€C (or between 2 dark vertical lines)
k e <l




Fig: 12.4 a. Heart beat recorded through Electrocardiogram (ECG)

The voltage recorded from the leads is also
standardized on the paper where

1 mm = 1| mV (or between each individual
block vertically) This results in:

e Smm=0.5 mV (or between 2 dark
horizontal lines)

e S Fig: 12.4 b. Electrocardiogram
e 10 mm = 1.0 mv (this is how it is usually
marked on the ECG's)

12.1.3 ECG Reading

The phases of a heart beat can also be divided into sections relating to the
shape of the electrical signals produced when viewing the heart beat via an ECG
(Electrocardiogram). This traces the electrical activity of the heart. The wave shape

iced is called the QRS wave, with each part of the wave being labelled to help
be what is happening at each stage. |



. alves remain open as all remaining blood is squeezed into the ventricles.
A V,uimpulsc from the SA node reaches the AV node which spreads the signal
‘:;u: walls of the ventricles via specialised cells called bundles of His and

The R peak is the end of ventricular systole and the start of diastole.

[nterval ( Ventricular Systole)

lood is IOW all within the ventricles and so pressure is higher here than in
e AV valves close. The ventricles start to contract although pressure is not

311 enough toopen the SL valves,

B egment (Ventricular Systole)

f«: ure increases until it equals Aortic pressure, when the SL valves open. The
s gjected into the Aorta (and pulmonary artery) as the ventricles contract. At
_ t%fs&me the atria are in diastole and filling with blood returning from the veins.

"« TWave(Ventricular Diastole)

' Ventricles relax, the ventricular pressure is once again less than the aortic pressure
and so the SL valves close. The cycle

continues.

12.1.4 Blood Vessels:
‘The circulatory system consists of three

Tunica intima

pesofvessels. (endothetial cells)
¥ 3 Yy - nes :
‘;,i o ;Aca‘r;e'l? : s T (elastin)

Tunica media
(Smooth muscle)

~ The vessels which carry blood
away from the heart are called arteries. All
~ lhe arteries transport oxygenated blood

" nary artery The only artery

TIes deoxygenated blood from

Tunica externa
(loose fibrous
connective tissue

Scrosa

g very elastic - epithelial cells)
ron uch is maintained through the very
conre LUShing force during ventricle . ,
e ction. - : Fig: 12.5 Internal structure of artery
¢ Wall of gp artery is made of three layers.

Theolue . e s rs of
o elastic layer. tunica is made of areolar tissues and many layers o

tlag . [aYer, tunica externa, is made of are 8 34

s JDCTS. These fibers give elasticity to the artery to expand and withstand the

pressln.eorb % ' 1 -
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This is found in the form of a network of small arteries called the vasa vasorum
(means vessels of vessels). This network is also found in tunica externa.

Middle layer, tunica media,
muscles and fewer clastic fibers. Inner

is composed of circularly arranged smooth

or endothelium ig

.

layer, tunica interna

comparatively thinner layer. It is composed of simple squamose epithelium and a thin

layer of areolar connective tissue.

Arterioles are the smallest arteries with a diameter ranging from 3 mmto 10

micrometers. Larger arterioles have all three layers but smaller

two; a thin layer of endothelium
surrounded by a single layer of smooth
muscle fibers.
Arterioles play an important role
in vasoconstriction and vasodilation.
' Innervations (stimulus) of sympathetic
: nervous system cause contraction in the
muscular layer of the arteriole, resulting in
vasoconstriction of arteriole. This
decreases the flow of blood into
capillaries, resulting a rise in blood
pressure. In contrast, the vasodilation of
~ arterioles increases the blood flow in the
~ capillaries which result in a decrease in
=1 The largest artery of the body is
which arises from left ventricle. It

%!

break up into capillaries

arterioles have only

fleloit

Colour of the arteries appears to
be red due to the bright red
oxygenated blood flowing
through them. Whereas due to
deoxygenated blood veins
appear to be bluish.

L D9 {0y Know?

The diameter of a capillary
is little more than the RBC
1.e. 7.5 pm. This decreases
the blood flow and provides |
ample time for material ‘f"'l
exchange. : |

o i
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Acapl'"“ry is s:,hrough it e

S8
only on¢ Rﬁaspa its oxygen by

ing
ata time, T ooy, The very
diffusion @ the capillaries

small diameter © i $is0d
1 le time [0

t%r:::::sa:;lg of matetnalfi. s?uizr
] nputrients (o} 8

;::cx?ls;:xis start joining to form

venules.

ood inthe capilla{ies is
ﬂ;’;&gb, by the precapxllary
sphincters. A precapillary
sphincter is a band of smooth
muscle that encircles ea_ch
capillary branch at the point
where it branches off from the
arteriole. Contraction of the
precapillary sphincter can close
off the branches stopping the
blood flow. If the sphincter is
damaged or can not contract,
blood can flow into the capillary
bed at high pressures. When
capillary pressures are high,
fluid passes out of the capillaries
into the interstitial space and
edema or fluid accumulation is
resulted,

('“) v€ins

b b‘./eins are the vessels
e ring the blood back from
oy L Organs of the body
[mn:rds heart. Al the veins
cheg?nf deoxygenated blood
‘*’hichb'or Pulmonary vein

fNgs oxygenated blood.

| .

capillary

epithelial
cell

precapillary
sphincters

interstitial

fluid bulk flow

-

Tunica intima
(endothetial cells)

(clastin)

Tunica media
(Smooth muscle)

Tunica externa
(loose fibrous
connective tissue)

serosa
(epithellal cells)
Fig: 12.7 Internal structure of a veln
s @280 et



Walls of the vein are composed of the same three layers but the middje laer‘
thinner as compared to that of arteries. They are less elastic as thpy do not haye to .13
systolic pressure. Most of the volume of blood is containc.d in veins. The reasoy is th
instead of providing resistance in the flow of blood like arteries, they €Xpang
accumulate additional volume of blood.

The average pressure in the veins is only 5-10 mm Hg (Inarteries it s {9
Hg). The Veins have a very low pressure of blood which is not su'ﬂ'lment.to take the
blood to the heart, they keep valves which allow the flow of blood in one direction
towards heart and prevent back flow. Veins passing through skeletal muscles gt
toreturn the blood to the heart from the massaging action of the skeletal muscles,

Venules (8-100 micrometer in a diameter) after coming out Qf ti.SSlm star
joining with each other to make veinlets and larger veins. The largest veins in thebqiyj -
are; superior vena cava which brings deoxygenated blood from head and upper region.
ofthe body and inferior vana cava which brings blood from lower parts of the body.

-

12.1.5 Path of Blood through Pulmonary and Systemic Circulation

When a heart contracts
and forces blood into the blood | superior | g
vessels, there is a certain path that | ¥*™ “**
the blood follows through the
body. The blood moves through |anery
pulmonary circulation and then |capiiaries
continues on through systemic mlis st
circulation. Pulmonary and

two-circuit system of higher
als with closed circulatory
ns. Humans and other
§ have two-circuit | vein
systems: one circuit is




terial
, ‘vchange of Ma : ‘ .
Wé Exchang ¢ function of blood circulatory system is 1o transport
y N : nan
- The most impo

the cells of the tissue and remove the metabolic waste
A - . ‘ ~
 oxygen and nutrients (o

nd transport them back 10 the organs responsible o R
{ . < 2

' the tissues &

- products from

~excretion. :

A In the alveoli of the

absorbs nutrients, especially | Blood is pumped to the bod
glucose, from villi found inthe | great pressure to confirm Its
‘walls of the small intestine and farthest parts of the body like
0 nails of feet. On the other
This blood is pumped pumped to the lungs (via pu
~into the aorta with full force of lesser pressure due to w

through the alveoli of the |
time for oxygenation.

Y (via aorta) with
distribution to the
hairs on head and
hand the blood is
Imonary artery) with
hich it moves slowly
ungs, getting sufficient

a it moves into branching
irteries and then arterioles.
When this blood, loaded with

fiterstitial fluid. This water increases the o
therefore, at venous end of the capillaries w

Smotic pressure outside the capillaries.
ater again diffuses back to the capillaries
ong with dissolved waste products,

1.7 Control of the C apillary Beds

. Ithas been estimated that an adult human being has some 60,000 miles of
Pllaries with a tota] surf;

ace area of some 8001000 m’ (an area greater than three
80Is courts). The total volume of this system is roughly 5 liters, the same as the total
£Ume 0f blood in human body, However, if the heart and major vessels are to be kept
£d, all the capillaries cannot be filled at once. So a continual redirection of blood
b 180 10 organ takes Place in response to the changing needs of the body. During

OO av. . 2 alag at the
g tXereise, for example, capillary beds in the skeletal muscles open a
I8¢ 0f those iy the viscera.



The reverse process oceurs aftera heavy meal. Thetable 12,1 shows the distrih
blood in the human body at rest and during vigorous exercise. Note the incuhon‘)f
= reage :

' ' 1o the working organs —— = :
hlood \lll?pl.\ totl & o Table 12.1 Showing approximate blood fow in it n
(skeletal muscles and heart). The | iiter;

increased blood supply to the skin | Organ At Rest  PUring Strenygy, |
aids in the dissipation of the heal | CXercise
produced by the muscles. The total | Heart 250 750
blood flow during exercise 1 Kidneys 1.200 600 .
increases because of a more rapid | Skeletal Muscles 1,000 125000 —
heartbeat and also a greater volume | - e
of blood pumped at cach beat. | et o Ll
12.1.8 Blood Pressure (B.P) | Msges gl s
Brain 750 750

We know that rhythmic | Other 600 400

pumping of the heart pours the | Total 5600 17500

blood in to the arteries. This l ok
pulsation can easily be felt in those ™ ) -

arteries (like radial artery) which

are near the surface of the skin and we generally call it pulse. The throb we fee
pulse) is due to the pressure of the blood which makes the clastic layer of arteriesto

expand rhythmically allowing blood to pass through.
The force per unit arca that blood exerts on the inside walls of a blood ves

called blood pressure. It is measured in millimeter of mercury (mm Hg).
measured with the help of an instrument called sphygmomanometer. Blood pr

v
e
a




-yfing olood ,J!-*
i N“‘ 1T, P the doctor Wraps a cu around the
[o Mt he patient. Then this cuff is inflated with the
nof }_1 , pump: This inflation compresses the
‘ against the muscles around the
& hr 4s bone, tempor arily stopping the blood flow.
“Ow\r places a ste th\L()pL near the compressed
By and start releasing air gradually from the cuff,
¥ the doctor concentrates (o listen to the sound of
pulse. When the first pulsation is heard, through
Stethoscope. the sphygmomanometer is read.
ding shows the systolic blood pressure. The
Bnd reading is taken when the sound of the
! ation s10ps because due to further decrease in air
Sure in the cuff blood start flowing evenly
_' the artery). This reading depicts diastolic blood pressure. Nowadays different
of automatic digital BP apparatus are also available but the manual method 18
eliable for accurate reading.

1al artery

Bble 12.2 Blood pressure in different blood vessels

Name of Vessel | Systolic B.P. | Diastolic B.P | B.P |
| Aorta 120 80 |
[Arteries 2= 60
[ Arterioles 60 45
{ Capillaries - - 40
| enules . - 20

[ve » g 10
}i’-:_'-‘ 1a cava & i d
1sors (nerve endings) are located in the blood vessels of the hgll::g
eptors (or baroceptors). They dctetﬁt the u?arlens:lrlvriuz systom
| n
can send messages (signals) to the ce tput, They work as

tal peripheral resistance and cardiac ou
ﬁnlatmn?mechamsm. L
r.w I ‘7' ioh ! 3 ) :



Baroreceptors detect the amount of stretch of the blood vessel wal I

Is, and
i :  atreto Send
the signal to the nervous system in response to this stretch.
Baroreceptors can be divided into two categories
a) High pressure arterial baroreceptors

b) Low pressure baroreceptors (also known as cardiopulmonary or
volume receptors).

High pressure arterial baroreceptors are present in the aortic arch and the
carotid sinuses of the left and right internal carotid arteries. The baroreceptors found
within the aortic arch enable the examination of the blood being delivered to all the

blood vessels via the systemic circuit, and the baroreceptors within the carotid arteries
monitor the blood pressure of the blood being delivered to the brain.

Low pressure baroreceptors are found in large systemic venal caval veins and
in the walls of the right atrium of the heart. The low pressure baroreceptors are
involved with the regulation of blood volume. The blood volume determines themean

pressure throughout the system, in particular in the venous side where most of the
blood is held. : '

The low pressure baroreceptors have both circulatory and renal effects, 'é
L, produce changes in hormone secretion which have profound effects on the retentio

- salt and water and also influence intake of salt and water. The renal effects allow t

v

PR

o

12:2 Cardiovascular Disorders

disorders are associated with the circulatory system. Some
> the following. - |

sis and Embolism

a Greek word which means blood cl

side the vessels.

called thromb



|

ridden patients and people like barbers who keep standing for hours o

utine suffer from this disorder. A thromhys whie
floating 15 termed as an embolus. The term embolus wag coined by
becomes fre€ Virchow in 1848. An embolus migrates from ONne part of the hady

Rudolzhbg‘;’; circulation, and causes a blockage of a blood vesse
throug

the body. :
In thrombo embolism, the thrombus from a blood yessel IS completely or

artially detached from the site o.f thrombosis. The blood flow will then carry the
embolus (via blood vessels) to various parts of the body where it can block the lumen
and causes vessel obstruction or occlusion. One of the most commonly recognized

roblems caused by the embolus is called coronary thrombosis. In this case, the
thrombus blocks a coronary artery causing myocardial infarction commonly known
as a heart attack. Even worse situation appears when the thrombus blocks an artery to
the brain. This is commonly called as stroke. A stroke may result in sudden death or

paralysis of the body.

h dislodges and

N another part of

12.2.2 Atherosclerosis and Arteriosclerosis

a. Atherosclerosis: It (Gr. Athere = porridge, skeleoris = hardening) is the
condition in which the wall of artery thickens as a result of deposition of fatty
materials such as cholesterol. It develops from low-density lipoprotein molecules
(LDL) becoming oxidized by free radicals.

— Deposited
cholesterol
has narrowed

lumen

- en l;as been
Fig: 129 A coronary artery with atherosclerosis. The lum
narrowed to a greater extant.



When oxidized LDL comes in contact with the wall of an ariery, a series of |

oceur to repair the damage to the artery wall caused by oxidized LDL. T;:ac“ﬂns
immune sends specialized white blood cc.IIs‘ L‘:IHL'.(I macrophages and T'ly'“phoc Y's
to absorb the oxidized-LDL. forming specialized foam cells, Yiey
Unfortunately. these white hlunq ‘cclls are not able to process the o
LDL. They grow and then rupture, depositing a greater amount ofoxidized ch
into the artery wall. This triggers more white blood cells and the cycle continyes. Asy
result, the artery becomes inflamed. The cholesterol plaque causes the muscle Cells‘to
enlarge and form a hard cover over the affected area. This hard cover causes the
lumen to become narrow. Narrowing of artery reduces the blood flow and Increases
blood pressure. Atherosclerosis typically begins in early adolescence, and s usuany
found in most major arteries, yet is asymptomatic and not detected by most diagnostic
methods until it grows to a serious threat to health, There are various anatomii:,
physiological and behavioral factors which increase the risk for atherosclerosis,
Factors add to each other multiplicatively. with two factors increasing the risk of
atherosclerosis fourfold. Studies show that Hyperlipidemia (High level of fats in
blood) , hypertension and cigarette smoking together increases the risk seven times.. ,.

Xidizeq.
0|esl'cro|

Instead of medication the first method of treatment advised by the doctors,
throughout the world, is to stop smoking, change feeding habits and choice of fc 0ods
and practicing daily exercise or at least daily walk. If these methods do not
medicines are usually the next step in treating cardiovascular diseases:
atherosclerosis leads to symptoms like angina pectoris then it becomes neces: 2

ang® AEL 0

start medication. .

Physical treatments which are helpful in the short term include angiog

procedures that may include stents to physically expand narrowed arteries and
sive surgery, such as bypass surgery to create additional blood Suf

onnections that go around the more severely narrowed areas. '

\ Arterfoloscleresis. It is any hardening, stiffening caiee
is often due to hypertension. The most common sites
bdominal




rODITCIN

e ial Heart! :;fect is a defect in the structure of
wb0:" baby. Most of these heart defects ¢j
blood vessels ofa ﬂ‘; essels near it or cause blood (o flow thra
flow in the b e g;,fcctmay also-occuraffecting the heart rhythy

the heart an
ther obstruct
ugh the

I large
blood
heart in an

.. Heart defects are
abnormal patte ommon birth defects and are the lchin_u cause of birth defect-
among the most € cnital heart disease can be categorize ' to different types. I
related ‘::a:hs_.ggtocgmricle or the left ventricle fails 1o develop. As 4 result only one
some babies r1

fthe heart pumps the blood the body and lungs. This defect
side of the

is called Hypoplasia
heart which is rare butis the most serious form of congenit
of the '

al heart defect.

Other type of defect may be called as Obstruction defects. Obstr

ur when heart valves, arteries, or veins are abnorm

gfacmmou obstruction defects include blockage of pulmon

bicuspid aortic valve. Any narrowing or blockage
hypertension.

The most common amo

uction defects
ally narrow or blocked.
ary valve, aortic valve and
can cause heart enlargement or

increasing age. Major defects require medi
12.2.4 Blue Baby or Cyanesis

One of the effect of congenital heart defect is the birth of blue babies, a
physiological condition called cyanosis. The reason for the appearance of blue colour
is the formation of carboxyhaemoglobin instead of oxyhaemoglobin in the blood
use of limited availability of oxygen, During the ¢ '

cation and surgery.

does After the birgh, the foramen ovale closes spontaneously but in some babies it

i i | ent
10t close completely. When the baby exerts force during crying and movemen

i h
"*XYeenated blood from the right atrium enters the left atrium through the

Qlly openeq foramen.




When the haemoglobin of this venous, deoxygenated blood |
Cill‘b().\\'haclnouh)bln\ ll “]]p(]l‘(s hlllC dISC()I()mIIOH 1O ‘.hc Skln ~

: 8

lips, ears and 0
X ; : > sis or blue bab ()lher
organs of the baby, resulting in cyanosis or blue baby.

Fig: 12.10 Blue baby

12.2.5 Hypertension

Hypertension is a chronic medical condition in which a person suffers
persistently from high blood pressure. As you studied under the section of blood

-

pressure the normal BP of a healthy normal adult is 120/80 mm H g and with increasing
age the normal BP also increases. For a normal adult a mercury reading of 130/901
considered hypertensive. Fora women of above forty five years of age BP of 160/

considered hypertensive whereas for a man this limit is 140/95. Hypertension canbe
classified as '

e Essential or primary hypertension
e Secondary hypertension |

Primary or essential hyp ound |
- explain the raised blood pressure. < S
Secondary hypertension indicates —
- high blood pressure is a : -~
another condition, such | . .. . . .

disord

in which
glands can |,
the hormone |



B |
- ion is one of the risk factors for strokeg. heart
.-lo -

Persistent hype';wm

A “"e; Treatment of Hypertension

» . i nal’ £

g s ension can be treated by:

Hypert Weight reduction |

regular aerobic exercise
Reducing dietary intake of sugar and table saly
By taking a diet rich in fruits and veg
dairy foods
+ By discontinuing use of tobacco and alcohg)
* Reducing stress and tensions

= severe cases antihypertensive medicines

Hypotension is the opposite of hypertension,
low blood pressure. It is considered as a physiological st

altacks, heart fa)

' 8 forstrol ; s heart fajlure
<m, and is a leading cause of TU‘“'(k“'”“y”“”"r”-
rystits

etables and low-fat or fat-free

are also used.

Hypotension is abnormally

iy Mwm the first alarm of the body to show that something is going wrong

Wb Those who realize and start precautionary measures and bring a change g
g h_f%‘}’le and diet, they lead a successful and active life. Those who domt“” A {
o “Otinue wjth their life style generally come across a heart attack. Itisa m =
S that people survive in first two attacks but mostly third attack is REnSET |

n heart failure. - 3

e



Treatment of Cardiovascular disorders;

In the above description you studied many ways to prevent ang Bt
different cardiovascular diseases. These ways help the patients to certaip extony 22
sometimes doctors advise major or minor surgery or some other modery, :,n b
provide relief'to the patient. Among these methods some are W to

a. Angiography
b. Angioplasty
¢. Coronary bypass

d. Open heart surgery
a. Angiograph)

Angiography is a test that uses an injection of a liquid dye to make the arteries
easily visible on X-rays. An angiogram is commonly used to check the condition of
blood vessels. There are alternatives nowadays to angiography, such as CT scan, MR]
scans, nuclear scans, and ultrasound scans, which often produce information as
accurate and useful as angiograms.

b. Angioplast)

One method of treatment of a blocked artery is angioplasty. The tem
angioplasty is a the combination of two Greek words; aggeios meaning "vesse
plastés meaning "formed" or "moulded". It is the technique of mechanically wideni
a narrowed or obstructed blood vessel; typically as a result of atherosclerosis. In this
treatment a balloon-tip catheter |
is passed in the artery. At the site
~ where the lumen is narrowed due
~ to blockage, the balloon is
inflated to a fixed size using
pressures some 75 to 500
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Now other arteries which get narrowed by atherosclerosis are cleared and
mcned 7 Fhis rovacine gencmny. called peripheral angioplasty. This type of
ioplasty includes renal artery angioplasty, Carotid angioplasty, Cerebral arteries
mmgioplasty etc.

Coronary bypassor Open heart surgery
Another treatment is called Coronary artery bypass surgery (also called
coronary by pass or simply bypass). In this treatment a vessel is taken from some
other part of the body and is grafted from aorta to the coronary artery system. This
vessel starts supplying blood to the heart muscles by passing the original blocked
artery.This surgery 1s usually performed with the heart stopped, necessitating the
usage of cardiopulmonary bypass; techniques are available to perform bypass on a

beating heart, so-called "off-pump" surgery. ‘

History of coronary artery bypass
The first coronary artery bypass surgery was
performed in the United States on May 2,
1960 at the Albert Einstein College of
Medicine, Bronx Municipal Hospital Center
by a team led by Dr. Robert Goetz and the

thoracic surgeon, Dr. Michael Rohman with

the assistance of Dr. Jordan Haller and Dr.
Ronald Dee. They used internal o1




A successful graft typically lasts around 10-15 years which means this
sufficiently improves the chances of survival of a patient syffey Proces
atherosclerosis. 18 from

—.-" . v e -
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d. Open HeartSurger)

Any surgery where the chest 1s opened The first SUC.cessful SUTEETY of the jey
and surgery is performed on the heart performed Wlthqut any complications *

muscle, valves, arteries, or other heart l(’jy Dr. Lude1g Rehn of Frank’g:
structures is termed as open heart surgery. | ¢rmany, W o repaired a stab wo :
The term "open" refers to the openix%gr(})lf right ventricle on September 7, 18‘;?;:
chest and not the heart itself. The heart | S°OD dlspovered that the surgery is betted
may or may not be opened, depending on | done With a bloodless and motionless
the type of surgery. As for sometime environment, which means that the heat
heart is non-functional a heart-lung should be stopped and drained of blood
machine (also called cardiopulmonary The first successful intracardiac cc ection
bypass) is usually used during of a congenital heart defect using
conventional open heart surgery. It helps hypothermia was performed by Dr. €|
provide oxygen-rich blood to the brain Walton Lillehei and Dr. F. John Lewi
and other vital organs. The definition of | University of Minnesota on Septen
open heart surgery has become confusing | 1952. In all the major Govt hospit
with new procedures being performed on | Lady reading Hospital, Pi
the heart through smaller incisions. There | Hayatabad Medical comple
are some new surgical procedures being Teaching Hospitals A
performed that are done with the heart | cardiology centres are provid

still beating and is generally termed as \treatment for cardiac patients. T
beating heart surgery. L  patients,

|
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12.3 Lymphati¢ Systen

stem is a

ncn:z’x:c'yo'?l::::::y found in ‘
amilky
vertebrates that carry T
fluid called Iymph. It a
includes the lymphoid nssu}c:
“through which the lymp
travels. This system transports
and returns materials from the
tissues of the body to blood. In
1652 the lymphatic ducts in
the liver were first described
by a Swedish Olaus Rudbeck
(1630-1702) and the very
next year it was Thomas
Bartholin who described these
vessels in the whole body and
~ gave them the name of
- lymphatic vessels.

Lymph vessels, at
~ certain points , have masses of
connective tissues called
- lymph nodes. These node
~ (more than 100 in human
- body) are present in the
- ampits, groin and  neck
. 'egion. These are the sites of
- Ymphocyte production and
- Ylorage, They act as barriers to
- Mection by filtering out and
Thelmymg toxins and germs,
e S body of lymphoid

the human body is the

lymph nodes
of the neck

thymus gland

tonsils

thoracic dygy

o lym h vessels
= of the chest

L “ame
-

L -

[ gt s
Bl ne axy
4 region



a. Position of lymph node

Lymph nodes gcncrally
occur in groups along _lhc
larger lymphatic vessels. They
are distributed thr(mgl‘lo'm the
body, but they lack the tissues
of the central nervous system.
All lymph nodes have the
primary function of the
production of lymphocytes,
which help defend the body
against microorganisms and
against harmful foreign
particles and debris from lymph before it is returned to the blood stream. The nodes are
mostly located in following six arcas:

!

Although lymphatic S}'Stcm does not POsses an

pumping organ like heart to provige
pressure/force to transport material but g,
activity of skeletal muscles, breathing
movements and movement of the viscera provide
it ample energy to move the fluid upward, The
valves present in lymph vessels prevent the back
flow of lymph.

(1) The cervical region: Nodes in this area are grouped along the lower border of the
Jaw, in front of and behind the ears, and deep in the neck along the larger blood vessels.
They drain the skin of the scalp, face, tissues of the nasal cavity, and the pharynx.

(2) The axillary region: These nodes are in the
from vessels that drain the arm. the w
ofthe abdomen.

underarm region and receive lymph
alls of the thorax, the breast, and the upper walls

(3) Inguinal region: The nodes in this area receive |
gpni,o_n ofthe genitalia and the lower abdominal wall

, ' _‘ (4) The pelvic cavity: The nodes here appe

ymph from the legs, the outer

armostly along the paths of'the blood
els within the pelvic cavity and receive lymph from the lymphatic vessels in the

ddominal cavity: Within this are

daonur A_ . a, nodes ocecur in chains along the main
fthe arteries of the intestine an

d the abdominal aorta
. cavity These nodes occur between the lungs and along the windpipe
- e;xfg'lymph from this area and from the internal wall of the thorax.
hatic yess,c)_s generally called lymphatic trunks drain lymph from
y-These trunks then join one of two collecting ducts: (a) the
ight l_)fmphatic duct. These collecting ducts finally drain the
an veins to become part of the plasma, just before the blood
m of the heart. The lymphatic vessels are present wherever

v




-

ey 8re joined by @ capillary system. When
;}J -apillaries the water along with cenain?;ltths? :;?no:pﬁz:s through arterics, veins
ssue Spaces: This fluid is called interstitial fluid. lntérstiliaall arqtexns etc 00ze o
the 1issue space. From here this fluid is collected in the fine vund i
.nded capillaries of ]mphatic system in the form of lymph wilici:rxoti,:rt‘:ea:ie’ e
Jessels. The lymphatic vessels transport this excess fluid to the éﬁd w:ssme‘ls-:r;?hrge'r
tance of any "pumping" action. This system Is very ‘imbortam for ?t‘:
distribution of fluids and autrients in the body, because it drains excess fluids and
hat tissues do not swell up. Our body also climinates the products of

rotein SO 1
cellular breakdown and bacterial invasion through this system. It fIlters 1t organisms
like bacteria, VIruses and fungi that cause disease, produccscertain white blood cells
called lymphocy1es. '
Spleen as jvmphatic organ
the body by clearing worniout.red

effective in protecting
bodies from the
ch can engulf and destro

The spleen is an
slood cells and other foreign ploodstream.The splee.nf'fcoma-ins

s and macrophages. whi

y bacteria, dead tssue.

lymphocyte
and foreign matter.
| .ymphatic system and cancer
The study of lymphatic drainage of vario
eatment of cancer. Lymph nodes

prognosis. and tr
not successful in destroying the cancer ce

tumors.
d. piseases oflymphan‘c system

problems with the system can impair the. body's

s diseasc is an enlargement of the lymph

rgan: and nerve endings can nésul_t{iingr;

» ADWN Pl




KEY POINTS

¢ The circulatory system is an organ system thah transports nutngnts gases, honnones,
blood cells, nitrogenous waste products, etc. to and from cells in thg body to hel_ps to
fight diseases and help stabilize body temperature and pH to maintain homeostasis, .
* One contraction and one relaxation is called a cardiac cycle. Contraction of heart i
termed as systole and relaxation as diastole. ] '
® The pacemaker or SA node is the impulse-generating tissue locateq in the upper
dorsal wall of the right atrium of the heart, near the entrance of the SUPETIOr Vena caya.
* Electrocardiograph (ECG) is a medical device used for recording the electrical
activity of the heart, ; il
A capillary is so thin that only one RBC passes through it at a time, releasing its
oxygen by diffusion to the cells. The very small diameter of the capillaries provides
ample time to the blood for ¢xchan ge of materials. _
Most of the volume of blood is contained in veins. The reason is that, instead of
providing resistance in the flow of blood like arteries, they expand to accumulate
additional volume ofblood.

® The force per unit area that blood exerts on the inside walls of a blood vessel is called
blood pressure.
* Blood pressure is of two types: Systolic blood pressure which is felt during the
ventricular contraction. Diastolic blood pressure which is felt during ventricular
- relaxation.
- ® Certain sensors (nerve endings) are located in the blood vessels of the human body
~ called Baroreceptors (or baroceptors). They detect the pressure of blood flowing
~ through them,

S "v’?e'“m',_.radiat.ing chest péin due to the lack of blood
= ue t (and oxygen) supply
gzncral!y due to obstruction orspasm of the coronary arteries.

_ und in vertebra i
I8 at cortcin = corates that carry a milky

L vesse omts |, have masses of connective
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reason may be:
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oose the co

d

(-olouration of the skin of a baby turns

EXERCISE 2
rrect answers in the following questions.
n ovale in the fetal heart is located in the:
Left atrium
Interatrial septum
bluish shortly after birth. The

rhe forame
Right atrium b.
Interventricular septum d.

vel of anesthesia was administered to her/his mother.

a. Increased le

b. Baby has an unclosed foramen ovale. :

C Some hormonal disturbance has caused discolouration-

d Blood capillaries in the liver are not working efficiently.

Lymph is poured back to the circulatory system in . _——

a. pulmonary vein b.  hepatic portal vein N
C. subclavian vein d. renal vein o iy [ — .

The interventricular septum and the intra-atrial septum SepaﬂIG,m
a. chambers of the heart b. chambers of the lungs
¢. aorta and pulmonary artery d. bicuspid and mcusptd, b
The systemic circuit of the cardiovascular system e‘xtgpdﬁ;% | it »
a. from the heart to the lungs.. B

bftomheart to -th¢~cqmna§y“vgnerieg;‘., . el B4
-om the heart to the bodyvsorgae,;@ug:g@gm& unl

4
v

d. from the gastrointestinal tract to the Vet



, ™
EXERCISE 2.

8. All the following apply to the bicuspid valve EXCEPT:
. a. It is also called the lmural valve
' milunar valve

? Iltt il: ta‘lo:ld on the left side of the. heart :

d. It prevents blood from backing into the lcﬂ atrium
9. The condition called arrhythmia is characterized by:

a. rapid heart contraction.

b. irregular heart rhythms,

¢. mitral valve prolapse.

d. semilunar valve dysfunction.

10. Intercalated disks are found:
a. between the right side and right side of the heart.
F b. between the flaps of the tricuspid valve.

C. where the aorta Joins the pulmonary artery.
d. between the cardiac muscle cells.

. 11 Blood flowing through a vein tends to:
B a2 pulse.

b. collect blood.
C. camry oxygen to the body cells.

d. flow at a faster rate than in the artery.
B. Write short answers to the following questions,
1. How the interstitial fluid is formed?
‘Why the normal valye of BP increases in old age? Explain your answer.
. Ifthe baroreceptors are removed from an artery what would be the effect ?
ut put during a strenuous exercise’
in the month of June, what would be the




EXERCISE 2.

Nescribe the principles of angiography.

¢ yescribe the functions of lymph nodes and state the role of spleen as containing lymphoid

(1ssuc.

. List the changes in life styles that can protect man from hypertension and cardiac
;\fl)l)‘{tll\ti- |

5 [dentify the factors causing atherosclerosis and arteriosclerosis.

Projects:

. Conduct a survey to identify major hospitals of cardiology working in your
area In case of no such facility available , identify the nearest cardiac centre and its

utility or otherwise for cardiac patients in case of emergency situation. |

. Record an interview with a patient who has undergone coronary bypass

surgery. Collect information regarding his/her past life style, dietary habits and
genetic history. Draw a conclusion from this data for preventing cardiac issues and for

_ sustaining healthy life.




